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In Computer Science it is often desirable to generate "all possibilities" of one kind or another. For example, when
solving a scheduling problem, each permutation of {1,2,3,4,5} represents a different order in which five jobs can be
scheduled for completion. Alternatively, when solving a traveling salesman problem, the same permutations represent the orders in which five cities can be visited.
When efficiency is a concern, the order in which the possibilities are generated can become important. Typically,
we want each possibility to be similar to the previous possibility, so that any associated values can be updated from
object to object, rather than being recomputed from scratch for every object. These types of orders are known as
minimal-change orders, or Gray codes.
The cover illustrates a minimal-change order the 120 different permutations of {1,2,3,4,5}. If superimposed on a
clock, the minute hand would move from one permutation to the next every thirty seconds, starting with 12345
at the top each hour, and ending back at 54321. In this order consecutive permutations differ by a suffix-reversal,
meaning that some number of the final (i.e. innermost) values have their order reversed, such as 12345 turning into
123_54_, and then 12354 turning into 12_453_, and so on. (This type of change is "minimal" in the sense that only
one pair of adjacent symbols is added and removed, making it useful in the context of bonded structures like DNA,
or paths in undirected graphs.)
Interestingly, there is a simple rule that describes how to change the most recent permutation into the next: Reverse
the shortest suffix that doesn't produce an earlier permutation. This rule keeps churning out one permutation after
another until reaching 54321, which marks the end of the order.
Assistant Professor Aaron Williams has shown that similar greedy algorithms can be used to reinterpret many
previously discovered minimal-change orders. In particular, the order shown in the cover was originally discovered
by Shmuel Zaks in the 1980s, but using a much different approach. In his most recent work in this area, Williams
and his collaborators present a single unified algorithm for generating dozens of well-known patterns including the
"original" Gray code for binary strings, and the bell-ringing sequence called plain change order from the 1600's,
as well as new patterns for divisions of squares into rectangles known as mosaic floor plans, and many others.
The resulting paper Combinatorial Generation via Permutation Languages was accepted at this year's ACM-SIAM
Symposium on Discrete Algorithms (SODA 2020) and represents the culmination of a research done with Elizabeth
Hartung (MCLA) while visiting Torsten Mutze at the Technical University of Berlin.
Rear Cover Image:
View of the South Science Center outdoor seating area which has been lanscaped with native plants. This is a peaceful place to study or just hang out and has been used for the past 2 years for summer science pizza lunches.
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The Sciences at Williams College
Students learn science best by doing science; that is
by formulating and testing their own hypotheses using
methods capable of producing convincing evidence.
This is true at the introductory level, where students become interested in further study by encountering science
as discovery rather than rote facts. It is even more important at advanced levels, where students are most likely to become interested in science careers by working as
fully involved junior colleagues with professionally active faculty on research projects that explore new scientific ideas. The ability to conduct cutting-edge research
at Williams helps to attract talented scientists as faculty and keeps them at the forefront of their disciplines,
which in turn allows faculty to bring the excitement of
their research work to their teaching and course development at all levels. The College has invested deeply in
this ambitious program of research and teaching through
research funding, modern laboratory space, shared instrumentation, and technical support. The relatively
large number of faculty in all the science departments
promotes breadth and depth in both research activities
and curricular scope.
In May of 2018 we completed phase I of a major expansion of the science center complex with the addition of a
new facility to house 27 faculty offices and research labs
in Biology, Chemistry and Physics. Geosciences will
also share this space until phase II is complete early in
2021. The new building greatly expands our microscopy and shop facilities to support all of the sciences and
includes an updated teaching lab for biochemistry. Construction of a second building to house the Geosciences,
Math/Stats, and Psychology departments is now well
underway. This addition is being constructed on the site
of the Bronfman Science Center which was demolished
in the summer of 2018 after 50 years of faithful service.
This new construction will complete the foundation for
the sciences at Williams in the 21st century.
Our model of the entire science division as a cohesive
programmatic unit continues to flourish. Funds for major equipment, for individual student-faculty research
projects, and for stipend support of students doing research with faculty are coordinated on a division-wide
basis by the Science Center Director, the Science Executive Committee and the Divisional Research Funding
Committee. By working together, we are able to share
not only facilities and equipment, but also ideas and
enthusiasm, and so provide a “critical mass” of activity

that might not be possible within an individual department at a small institution.
Approximately 265 students graduate with a major in
a science or mathematics discipline each year, and we
continue to see about half of all students with at least
one major in the sciences. The quality of the our science
programs has nurtured this interest and this year 56 students were inducted into the Sigma Xi Honor Society as
associate members. Williams has become a leader in the
training of future scientists with more than 50 former
students entering Ph.D. programs in science each year.
As a result of this commitment, Williams has ranked first
among predominantly undergraduate institutions in students receiving NSF pre-doctoral fellowships, averaging
about 7 per year over the past ten years. We attribute
this success to an energetic faculty and staff dedicated
to providing an excellent educational experience and to
the many research opportunities available to Williams
students at both advanced and introductory levels.
A positive undergraduate research experience is the
single most important inspiration for future scientists.
More than 250 students are engaged in science research
with Williams faculty each year. This year, 86 students
completed theses and 182 were engaged in full-time research with science faculty during the summer of 2019.
Dozens of Williams students participated in conferences
where they presented the results of their research, and 78
students and recent graduates co-authored publications
in peer-reviewed journals in the past academic year.
Concurrent with the increased student involvement
in science, Williams has attracted talented and vibrant
science faculty engaged in competitive research and
dedicated to teaching undergraduates. As a result, the
number of external grants awarded to support faculty
research or curricular innovation places Williams near
the top of all non-Ph.D granting institutions. Williams
science faculty currently have 22 active research grants
totalling over 3.8 million dollars. The individual faculty
grants, together with grants from the Sherman Fairchild
Foundation, the Henry Luce Foundation, endowed funds
from the Kresge Foundation, the Keck Foundation, and
other sources, has enabled us to purchase and maintain
state-of-the-art equipment for teaching and research.
Advanced equipment and facilities together with our
Emphasis on close student-faculty interactions creates
opportunities in undergraduate science education at Williams that are exciting, diverse, and forward-looking.
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Major Science Center Funding
Kresge Foundation Equipment Grant
Williams was awarded a large grant from the Kresge
Foundation in 1990 to replace and update major items
of scientific equipment and instrumentation. This grant
is used to purchase new equipment, to support maintenance contracts and to repair existing instruments, and
also to support technical staff members who oversee
the instruments. One aspect of the grant is that the College sets aside endowment funds for the depreciation
and eventual replacement of items purchased under the
grant. Through this grant the college has purchased and
maintains a 24-inch optical telescope, a gas chromatograph mass spectrometer, a MALDI-TOF mas spectrometer, transmission and scanning electron microscopes, a
UV/Vis/NIR spectrophotometer, an x-ray diffraction instrument a confocal microscope and a nuclear magnetic
resonance spectrometer (NMR). In recent years, Kresge
endowment funds have been used to upgrade the telescope and NMR and replace the confocal and transmission electron microscopes.
These expensive pieces of core equipment are heavily
used by faculty and students in collaborative research
projects and in teaching laboratories associated with
courses ranging from introductory to advanced levels.
We are dedicated to continue to use these resources
to provide state of the art equipment for research and
teaching efforts in the sciences at Williams College.
Clare Boothe Luce Research Scholarships
Funded by the Henry Luce Foundation, the Clare Boothe
Luce research scholars grant seeks to increase the number of female students at Williams who declare majors
in the physical sciences (astrophysics, computer science, geosciences, mathematics/statistics, and physics)
and increases the proportion of women in these fields
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conducting honors thesis research and pursuing doctoral
degrees and careers in science. The Clare Boothe Luce
research grant supports cohorts of eight women each
year for three years with funding for summer research
stipends, research supplies and equipment, and attendance at professional conferences. Williams College
supports the Clare Boothe Luce scholars program with
funds for a second year of honors theses related research
and funds programmatic enhancements such as visits
from CBL professors, cohort-building events during the
academic year, and discussion sessions with Williams
alumnae currently in graduate school.
SMALL
Each summer the Math/Stats department runs a 10-week
Research Experience for Undergraduates (REU) Program to introduce students to research. Named SMALL
after the leading letters of the last names of the five
founders, it is now in its 31st year. Funded primarily by
the NSF and Williams, about 30 students each summer
work in small groups closely with their advisor on open
research problems, which are frequently in current, active
areas of mathematics and statistics. Over 500 students
have participated, now writing more than 10 papers each
year and giving talks on their work the world over, from
the Joint Mathematics Meetings to meetings in Canada,
Japan, and Spain. Recent topics include combinatorics,
commutative algebra, ergodic theory, geometric origami, geometry, knot theory, multidimensional continued
fractions, mathematical physics, number theory, probability and statistics. See http://math.williams.edu/small/
for more information.
For additional external funding sources supporting science center activities, see the chart on page 14.

Major Programs in the Sciences
The Astronomy Department offers courses for students
interested in studying and learning about the universe,
and who would like to be able to follow new astronomical discoveries as they are made. Students can choose
between broad non-mathematical survey courses (ASTR
101, 102 or 104) and a more intensive introductory
course (ASTR 111) designed for those planning further
study in astronomy or another science. All students in
the introductory courses use the 24-inch telescope and
other telescopes and instruments on the observing deck
to study astronomical objects. The astrophysics major,
administered jointly with the Physics Department, is designed primarily for students who plan graduate study
in astronomy, astrophysics or a related field. The major
emphasizes the structure of the universe and its constituents in terms of physical processes. This including the
Sun, stars and star clusters, galaxies and galaxy clusters,
quasars and active galaxies, and the cosmic background
radiation. Majors in astrophysics usually begin their
program with Introduction to Astrophysics (ASTR 111)
as well as introductory physics courses. Intermediate
and advanced level seminars introduce majors to current research topics in astronomy, while parallel study
of physics completes their preparation for graduate work
in astronomy or employment in a related field. The astronomy major is designed for students with a serious
intellectual interest in learning about modern astronomy,
but who do not wish to undertake all of the physics and
math required for the more intensive astrophysics major.
The astronomy major emphasizes understanding the observed properties of the physical systems that comprise
the known universe. Students considering a major in the
Astronomy Department, or a double major including Astronomy or Astrophysics, should consult with members
of the Department about appropriate beginning courses. Independent research, extensive use of observational
and image processing computer facilities, fieldwork at
remote observatories or on eclipse expeditions and close
working relationships with faculty are hallmarks of the
Astronomy and Astrophysics majors.
The Williams College Biology Department curriculum
has been designed not only to keep pace with new developments in the field, but also to afford students as
broad a base as possible for understanding the principles
governing life processes. Four courses, The Cell (BIOL
101), The Organism (BIOL 102), Genetics (BIOL 202)
and a 400-level senior seminar, are required for the major. In addition, five electives may be selected from a

wide range of courses including those in animal behavior, biochemistry, cellular biology, developmental biology, ecology and evolution, immunology, molecular
biology, neurobiology, and physiology. Over the past
few years several new courses have been added to our
curriculum: Integrative Bioinformatics, Genomics and
Proteomics (BIOL 319) as well as new literature based
senior level courses dealing with topics of current research interest including Developmental and genomic
evolution of animal design and two 400-level tutorials.
Every course changes from year to year to emphasize
the latest concepts and to introduce and integrate new
techniques and instrumentation used in modern biological research. Although the biology major is specifically
designed to provide a balanced curriculum in the broader context of the liberal arts for any interested student,
it is also an excellent preparation for graduate studies in
medicine and life sciences.
The Biochemistry and Molecular Biology (BIMO)
Program is designed to provide students with an opportunity to explore living systems on the molecular level.
Biochemistry and molecular biology are dynamic fields
that lie at the interface between biology and chemistry.
Current applications range from the diagnosis and treatment of disease to enzyme chemistry, developmental
biology, and the engineering of new crop plants. After completing the introductory biology and chemistry
courses and organic chemistry, a student would normally
take the introductory course in the program: Biochemistry I – Structure and Function of Biological Molecules
(BIMO 321) and Biochemistry II Metabolism (BIMO
322). These courses, taken in conjunction with courses in genetics and molecular genetics, establish a solid background in biochemistry and molecular biology.
The advanced courses and electives available from the
chemistry and biology department offerings encourage
students’ exploration of individual interests in a wide variety of topics. A senior capstone course, Topics in Biochemistry and Molecular Biology (BIMO 401), gives
students the chance to explore the scientific literature in
a variety of BIMO related research areas. Completion of
the BIMO Program provides exceptional preparation for
graduate study in all aspects of biochemistry, molecular
biology, and the medical sciences.
Through a variety of individual courses and sequential programs, the Chemistry Department provides an
opportunity for students to explore chemistry, an area
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of important knowledge about ourselves and the world
around us. Those who elect to major in chemistry begin
their studies with one of the Department’s three gateway
courses: CHEM 151 (Introductory Chemistry), CHEM
153 (the most commonly enrolled gateway course), or
CHEM 155, depending on previous chemistry background and results of the Chemistry Placement Survey.
The gateway course is followed by intermediate and advanced courses in organic, inorganic, physical, and biological chemistry. These provide a thorough preparation
for graduate study in chemistry, chemical engineering,
biochemistry, environmental science, materials science,
medicine and the medical sciences. Advanced independent study courses focus on the knowledge learned in
earlier courses and provide the opportunity to conduct
original research in a specific field. For those in other
majors who wish to explore the science of chemistry,
the Chemistry Department offers courses that introduce
the fundamentals of chemistry in a context designed to
provide students with an enriching understanding of our
natural world.
Computers and computation are pervasive in our society. They play enormously important roles in areas as
diverse as education, business, industry, and the arts.
The Computer Science Department seeks to provide
students with an understanding of the nature of computation and the ability to explore the great potential of
computers. The Department recognizes that students’
interests in computer science vary widely, and attempts
to meet these varying interests through 1) its major program, 2) a selection of courses intended for those who
are interested primarily in an introduction to computer
science, and 3) recommended course sequences for the
non-major who wants a more extensive introduction to
computer science in general or who seeks to develop
some specific expertise in computing for application in
some other discipline.
The computer science major equips students to pursue
a wide variety of career opportunities. It can be used
as preparation for a career in computing, for graduate
school, or to provide important background for the student whose future career will extend outside of computer science.
The first course for majors and others intending to take
more than a single computer science course is Introduction to Computer Science (CSCI 134). Upper-level
courses include computer organization, algorithm design and analysis, principles of programming languages,
computer networks, digital design, digital media revolution, distributed systems, advanced algorithms, theory
4

of computation, computer graphics, computer security,
human computer interaction, artificial intelligence, machine learning, operating systems, and compiler design.
For those students interested in learning more about
important new ideas and developments in computer science, but who are not necessarily interested in developing extensive programming skills, the department offers
two courses. The Socio-Techno Web (CSCI 102) introduces many fundamental concepts in computer science
by examining the social aspects of computing, and The
Art and Science of Computer Graphics (CSCI 109) introduces students to the techniques of computer graphics.
Geosciences majors develop an understanding of the
solid Earth and its fluid envelopes, including its physical and biological evolution and how it might change
in the future. Internal forces shape mountain ranges and
ocean basins. Waves, rivers, glaciers and wind sculpt
the surface of the Earth, generating the landscapes all
around us. Fossils entombed in sedimentary rocks supply the evidence for life’s origins and evolution, and
record Earth’s changing climates. Introductory courses
open to all students include Introduction to Weather and
Climate (GEOS 100); The Co-Evolution of Earth and
Life (GEOS 101); An Unfinished Planet (GEOS 102);
Global Warming and Natural Disasters (GEOS 103);
and Oceanography (GEOS 104). Geosciences courses
provide the foundation for a professional career in the
earth sciences, a background for economic pursuits such
as the marketing of energy or mineral resources, or simply an appreciation of our human heritage and physical
environment as part of a liberal arts education.
Students may choose electives to focus in depth in a particular field: for example, students with life-science interests may choose courses concentrating on geobiological topics; those interested in the dynamic solid Earth
may elect courses dealing with structure and tectonics;
we also have a suite of climate related courses, in addition to ones that are environmentally themed. Most of
our courses are accessible to both majors and non-majors.
The Mathematics major is designed to meet four learning objectives: (1) Learn central ideas of mathematics
and mathematical thinking, (2) Improve problem solving ability by combining creative, critical, and abstract
thinking with rigorous reasoning, (3) Communicate
mathematical ideas effectively, both orally and in writing, to technical and non-technical audiences, and (4) Be
exposed to the power of mathematics and mathematical
thinking in applications, research, and beyond.

The Statistics major is designed to meet four learning
objectives as well: (1) Understand the central ideas of
statistical thinking and data science, (2) Develop problem-solving abilities by working with real data, using
them to make informed decisions and conclusions, (3)
Increase interdisciplinary skills by applying statistical methods to an application area of interest and understanding the limits of statistical modeling, and (4)
Communicate the results of statistical analyses to both
technical and non-technical audiences. Both majors include participation in the undergraduate colloquium and
opportunities for original research. Majors typically go
on in mathematics, statistics, economics, other sciences,
engineering, law, medicine, business, finance, consulting, teaching, and other careers.
The Program in Neuroscience consists of five courses
including an introductory course, three electives, and a
senior course. In addition, students are required to take
two courses, Biology 101 and Psychology 101, as part
of the program. Neuroscience (Neuroscience 201) is
the basic course and provides the background for other
neuroscience courses. Ideally, this will be taken in the
sophomore year. Either Biology 101 or Psychology 101
serves as the prerequisite. Electives are designed to provide in depth coverage including laboratory experience
in specific areas of neuroscience. At least one elective
course is required from among those cross-listed in Biology (Group A) and at least one is required from among
those cross-listed in Psychology (Group B). The third
elective course may also come from Group A or Group
B, or may be selected from other neuroscience related
courses upon approval of the advisory committee. The
senior course, Topics in Neuroscience (NSCI 401) is designed to provide an integrative culminating experience.
The Physics Department offers two majors, the standard
physics major and, in cooperation with the Astronomy
department, an astrophysics major. Either route serves
as preparation for further work in pure or applied physics, astronomy, other sciences, engineering, medical research, science teaching and writing, and other careers
requiring insight into the fundamental principles of nature. Physics students experiment with the phenomena
by which the physical world is known, and the mathematical techniques and theories that make sense of it.
They become well-grounded in the fundamentals of the
discipline: classical mechanics, electrodynamics, optics,
statistical mechanics, and quantum mechanics. We offer a variety of summer research opportunities in theoretical and experimental physics, and invite interested
students at all stages of their Williams careers to participate. Physics offers several tutorial courses each year,

and nearly all of our majors take more than one. Many
Physics majors do senior honors projects, in which the
student works individually with a faculty member in either experimental or theoretical research.
The Psychology Department offers a wide variety of
curricular and research opportunities for both major
and non-major students. Courses are grouped into the
areas of behavioral neuroscience, cognitive psychology,
developmental psychology, social psychology, clinical
psychology, and psychology of education. After completing Introductory Psychology (PSYC 101), majors
take Research Methods and Statistics (PSYC 201), in
which they learn the tools used to generate knowledge
in psychology, and at least three 200-level courses,
which are comprehensive surveys of each of the subfields. They then take the 300-level courses, which are
advanced seminars. Many of these 300-level courses
are lab courses in which students do an original empirical research study; others are discussion seminars, and
some are also tutorials or writing intensive courses. In
each, the professors expose students to their specialty
areas in depth, and students read and discuss primary
literature. The major sequence ends with a 400-level
discussion-oriented senior seminar. A variety of research
opportunities are offered in the Psychology Department
through research assistantships, independent study, senior thesis work, and the Summer Science Program.
The psychology major provides an opportunity for liberal arts students to consider the nature of mind and
behavior from different perspectives. It provides sound
preparation for graduate study in both academic and professional fields of psychology and is relevant to careers
in education, business, law, medicine and health, and
numerous others. In addition to the psychology major
curriculum, our students often become concentrators in
related programs across the college including Cognitive
Science, Justice and Law, Public Health, and Neuroscience.
Our goal is for our students to develop each of the following skills:
•

Ability to generate hypotheses, to design methodologically sound research, and to collect, analyze,
and interpret data

•

Critically read and interpret scientific articles

•

Think critically about psychological theory, data
and ideas

•

Develop the ability to integrate scientific literature
with observations and experiences in the real world
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•

Acquire knowledge of major theories, concepts, and
findings in multiple sub-disciplines of psychology

•

Learn to write well, including but not limited to scientific writing

•

Learn to talk about psychology with others in formal and informal settings (give scientific presentations, engage in discussion and debate about ideas,
research, and applications)

The latest external review of the department concluded
the following: “The Department of Psychology at Wil-

liams College offers its students an exceptional undergraduate experience. Students are taught by professors
who are productive, important scholars with strong commitments to teaching, and they have rich opportunities
to work alongside faculty doing serious research. Faculty are generous mentors to their students; the students
with whom we met sang the praises of the department as
a whole. The Department has access to a good number
of resources that support faculty teaching and scholarship, and the faculty are eager to continue to grow as
researchers in a changing field.”

Progress on the new North Science Building as of Fall, 2019. This building will house the Mathematics and
Statistics, Psychology, and Geosciences departments as well as a number of classrooms and a large lecture
hall. It is located at the site of the former Bronfman Science Center and is expected to be occupied starting in
the spring semester of 2021.
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Winter Study 2019 Offerings
CHEM 16 Glass and Glassblowing
This course provides an introduction to both a theoretical
consideration of the glassy state of matter and the practical manipulation of glass. We do flameworking with
hand torches for at least 12 hours per week. While no
previous experience is required, students with patience,
good hand-eye coordination, and creative imagination
will find the course most rewarding. The class is open
to both artistically and scientifically oriented students.
Note: if you are required to participate in a sustaining
language program during Winter Study, this course
meets at the same time.

CHEM 24 Introduction to Research in Physical
Chemistry
An independent experimental project in physical chemistry is carried out in collaboration with a member of
the Department with expertise in physical chemistry.
Current research projects in the Department include
computer modeling of non-linear, chaotic chemical
and biochemical systems, molecular modeling of water
clusters, laser spectroscopy of chlorofluorocarbon substitutes, and observing the dynamics in glasses using
single molecule spectroscopy and molecular dynamics
simulations.

CSCI 11 Hour of Code
Knowledge of computing fundamentals empowers people with a unique set of problem-solving skills. These
skills are currently in high demand and are expected to
remain so in the foreseeable future. Yet computer science isn’t just a useful skill--it’s also a limitless canvas
for expressing one’s own creativity. Computer science is
interesting and fun! Hour of Code is a one-hour, handson workshop that introduces young students to computer
science. Not surprisingly, mastery of computer science
takes a bit longer than one hour. Therefore, the goal of
Hour of Code is simply to demystify computer programming. A typical workshop blends self-paced activities
with in-class tutorials. The best Hour of Code experience
inspires participants to pursue further study in computer
science on their own time. The first half of this winter
study course exposes you to elementary programming,
the nuts and bolts of pedagogy, and prepares you to run
an Hour of Code workshop. The second half puts your
training into practice: you will organize and run an Hour
of Code workshop in a Berkshire-area middle school.
No prior computer science knowledge is required. The

only prerequisite is a love of technology and an enthusiasm for working with young learners.

CSCI 12 Stained Glass Tiling: Quasi-crystals
and Geometric Solids, Building an Invisibility
Cloak
In this course students learn geometric drawing, design,
and the traditional craft skills needed to build a stained
glass window. Each student will make a single panel of
stained glass from a mosaic of transparent colored glass
tiles. Students will learn how to cut glass; to paint and
print on glass with kiln-fired enamels; to assemble, solder, patinate and frame a stained glass window. Instructional sessions on the use of tools and safe handling of
materials are included where necessary. Exhibition of
work on the last day of Winter Study is mandatory. All
students must participate in setting up a group exhibition
of work, and tidying the lab at the end of Winter Study.

CSCI 16 (W) Introduction to Tech Entrepreneurship
This course provides an introduction to the fundamental
aspects of building a technology startup. It’s one thing
to make software--and it’s another to build a successful
software company. You will learn how to develop product/market fit, how to build an MVP (minimum viable
product), how to market products on a budget, organizing and running a team, shipping software, and the different types of corporate structures. You’ll learn from a
range of successful entrepreneurs and industry experts,
through their writings as well as short guest appearances (via video calls) during classroom sessions. Students
will create a demo and 5-minute pitch (pitch deck optional) by the end of the course. For the product demo,
students can choose to produce either working code, a
technical white paper, or design mockups/wireframes.
Students will be graded on the quality of the product
demo and pitch.
Attendance and participation will also be taken into account for final grades. Students will have the opportunity to show off their final products, and their pitches, in
an optional Demo Day.

GEOS 12 National Parks Geology
A vicarious trip through selected national parks of the
U.S. and Canada to appreciate the geological basis of
their spectacular scenery. Areas will be selected to portray a wide range of geologic processes (volcanism, des7

ert and coastal erosion, mountain building, glaciation,
etc.). We will meet most mornings during the first two
weeks for highly illustrated classes supplemented by
the interpretation of topographic and geologic maps and
by out-of-class study of rock samples. Readings will be
from a paperback text (PARKS AND PLATES) and from
short publications by the U.S. Geological Survey and by
natural history associations linked to the parks. The second part of the month will involve independent meetings
with the instructor to prepare an oral report about the
geology of a park of the student’s choice. These reports
during the last week will be comprehensive and well
illustrated, using PowerPoint and pertinent maps and
samples. A detailed outline and bibliography will be distributed by the presenter at the time of the report.

MATH 12 The Mathematics of Lego Bricks
This course is a modification of five previous winter studies I have done on the Mathematics of LEGO
bricks. Similar to those, we will use LEGO bricks as a
motivator to talk about some good mathematics (combinatorics, algorithms, efficiency). We will partner with
Williamstown Elementary and teach an Adventures in
Learning course (where once a week for four weeks we
visit the elementary school after the day ends to work
with the kids). We will also submit a Lego Ideas Challenge, to try and create a set that Lego will then market
and sell.

MATH 13 The Mathematics of SET
SET is a popular game where players try to find certain
collections of three cards, which share or fail to share
properties like color, shape, and number. This seemingly simple game gives rise to an incredibly variety
of mathematical ideas. These range from counting and
probability, to the behavior of lines in strange models of
geometry. Throughout this class we’ll study these mathematical ideas, as well as those coming from other mathematically interesting games (and we’ll of course play
lots of SET and other games!). Previous experience with
SET or with mathematics is not required! We will be
meeting for 6 hours per week in class. Outside-of-class
work will include readings (from the book “The Joy of
SET” and short mathematical readings relevant to other
board games), learning and practicing other mathematically relevant board games, working on small problem sets, and as a final project designing a new game
based on mathematical ideas. These final projects will
be showcased in a board game night at the end of Winter
Study.
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MATH 15 Creative Dynamics
Broadly defined, a dynamical system is an object whose
future state can be calculated from its current state. Examples include ordinary and partial differential equations, discrete dynamics, cellular automata, billiards,
spatial games, coupled/synchronized systems, agent
models, evolutionary/selective dynamics, graph dynamics, Markov chains, and many more. The instructor will
give a survey of such systems, and students will be free
to imagine, create, and compute their own systems with
an emphasis on graphical presentation of results.

MATH 16 Self Care: Exploring Acupressure,
Reflexology and Aromatherapy
Learn techniques to take care of yourself and others! In
this course, students will explore acupressure and reflexology through hands-on practice with partners. Modalities will first be demonstrated by the instructor, and then
will be reinforced through in-class practice. The course
will also cover essential oils and the chemistry behind
aromatherapy, studying chemical families and their
main characteristics. With this knowledge, students will
create custom aromatherapy blends to address specific
health issues. These blends will be made in class, and
can be taken home. This class is designed to be useful to
students and their loved ones, providing the student with
tools to cope with life events. The focus will be on using
acupressure, reflexology and aromatherapy to help with
stress, anxiety, sleep, skin health, and sickness. experienced before.

MATH 18 Introduction to Python Programming
Python has become one of the most commonly used programming languages in recent times, due to its flexibility, readability, and reusability. In this course, we will
develop the basic tools within python. These include
mathematical and string operations.

PSYC 11 Designing Your Life and Career after
Williams
This course will help students determine which directions they would like to take in their lives and careers.
We will take stock of your interests, talents, strengths
and challenges, and figure out which careers play to
your strengths. We will discuss the importance of understanding your own values (e.g., security, meaning in
your work, money, fame, and freedom in your schedule)
and how that fits with the choices ahead of you. We will
identify how careers differ in meeting these needs and
help you to find a healthy balance. The class will try

to help you identify which activities come so naturally
to you, perhaps without you even fully realizing it, that
they may point to a career path. We will talk about your
life story up until now, and how that has shaped what
you think you should do with your life. We will help you
to imagine complete freedom in rewriting your life story
and see what emerges. We will discuss how workplace
and professional cultures differ and help you to figure
out which cultures are good fits. We will look some at
practical resources that are available to you to pursue
dreams, once you have chosen an initial path. Students
will consider how important choosing a fitting romantic
partner is, and how destructive it can be to ignore your
instincts. We will look at how choosing a great partner
and developing a rewarding career can be synergistic.
The course will culminate by writing and presenting life
plans that are courageous and authentic, and that excite
you. Articles, books, lectures, and films will be used to
help you discover and develop your plan. This course
will also reference and make use of material from a formative class the instructor had with famed psychologist
Elliot Aronson, PhD, when he was a senior at Williams.

PSYC 12 Alcohol 101: Examining and Navigating the College Drinking Scene
Seventy-two percent of college students report that they
used alcohol at least once within the past 30 days. Where
is the line between fun and danger? This course will examine the realities of the role of alcohol in the social
lives of college students. Students will engage in active
discussions of readings, videos, and myths vs. facts, as
well as personal observations and opinions. Class structure will involve 3-hour classes that meet twice weekly.
Participants will learn scientific facts about alcohol, including how it gets metabolized in the body differently
in men and women, and how to recognize and respond to
the signs of alcohol poisoning. Films will include evocative footage and interviews, such as “College Binge
Drinking and Sober Reflections.” We will hear from an
expert in trauma and sexual assault and explore the significant role of alcohol in sexual assault on college campuses. We will discuss alcohol-related medical emergencies and problem-solve strategies to stay safe when
choosing to use alcohol. Statistical data from colleges
here in the Northeast will be reviewed, including survey
results from the Core Institute and the Harvard School of
Public Health Alcohol study.

PSYC 14 JA SelCom: A Case Study in Selection
Processes
This course will explore the nature of selection processes. What does an optimal selection process look like?

How do our implicit biases materialize in selection?
These are just a few of the questions that we will seek to
understand through guest speakers from The Davis Center, Psychology Department, Admissions, and the Career
Center. The majority of the time will be dedicated towards applying these ideas in selecting the next class of
Junior Advisors, an undertaking that will allow students
to examine selection processes in general. Readings will
cover topics such as organizational behavior and human
decision processes, social networks and organizational
dynamics, and gendered wording and inequality.

PSYC 15 Ephquilts: An Introduction to Traditional Quilting
This studio course will lead the student through various
piecing, appliqué and quilting styles and techniques,
with some non-traditional methods included. Samples
will be made of techniques learned, culminating in the
completion of a sizeable project of the student’s choosing (wall quilt or lap-size quilt). There will be an exhibit
of all work (Ephquilts), at the end of winter study. “Woven” into the classes will be discussions of the history of
quilting, the controversy of “art” quilts vs. “traditional”
quilts, machine vs. hand-quilting and the growing quilting market. Reading list: Pieces of the Past by Nancy
J. Martin; Stitching Memories: African-American Story Quilts by Eva Ungar Grudin; Sunshine and Shadow:
The Amish and Their Quilts by Phyllis Haders; A People and Their Quilts by John Rice Irwin; Treasury of
American Quilts by Cyril Nelson and Carter Houck; The
Quilt: New Directions for an American Tradition, Nancy Roe, Editor. Requirements: attendance of all classes
(including field trip), a love of fabric, design and color,
an enthusiasm for handwork, participation in exhibit.
Extensive time will be spent outside of class working on
assigned projects.

PSYC 16 Self Compassion: The Benefits and
Challenges
Ever put yourself down when things aren’t going well?
Offering yourself compassion is often recommended by
therapists and is a skill taught in some modes of therapy. What is the basis for this recommendation? How
is self-compassion put into practice? What makes it
so challenging? You will learn about the elements of
self-compassion, explore and experience different ways
of offering yourself compassion, and discuss your experiences. You will look at ways that self-compassion can
positively impact your mental health, your work, your
play, and your relationships. You will be asked to practice skills between classes, do some reading, and reflect
on your experiences.
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PSYC 17 “Cultural Cliteracy”: Introduction to
Transformative Sexuality Education
This course will introduce students to transformative
sexuality education. Transformative sexuality education
assumes students will experience major shifts in their
sexual knowledge, attitudes, and behaviors. Undergraduates commonly report inadequate sex education in high
school, concern that students are sexually harassed, assaulted, or raped during their four years in residence and
that little opportunity exists on campus for students to
talk with each other candidly about sexual issues. The
course is designed to improve the sexual culture on the
Williams College campus by expanding knowledge, fostering skills, and providing opportunities for intergroup
dialogue. Students will explore topics such as communication and sexual communication, gender diversity,
enthusiastic consent, pleasure in and out of committed
relationships, hookup culture, models of sexual functioning, BDSM/kink culture, and sexual identity. Topics
will be examined through an intersectional lens. A variety of methods will help engage students with course
material. Lectures by the instructors, large and small
group discussions, role-plays, practice of empathy, intimacy, interviewing skills, reading literary fiction,
DVD screenings, anonymous class surveys, and taking
sexual histories promote students’ learning. Sexually
explicit material is used in this course, following trauma-informed practices and guidelines specifying best
pedagogical practices. Each class session is designed to
create activities that will lead students to achieve at least
three learning objectives. Evaluation will be based on
submission of a journal entry related to each class session and a journal entry related to a reading/movie due
each class session. Students will submit a final paper and
creative project. Attendance and participation are crucial
to successful completion of this course.

PSYC 18 Call In Walk In training for Peer
Health
This course is the full training for students who would
like to cover Call In Walk In shifts in the Peer Health
Office (Paresky 212). Students should either already be
a member of Peer Health, or have an interest in joining
Peer Health, as those students will get priority acceptance. Topics that we will cover include alcohol and other drug use; sex, STIs and contraception; rape, sexual
assault and Title IX compliance; mental health; stress
and sleep; healthy and unhealthy relationships, etc. Stu-
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dents will meet various on- and off-campus resources
for referral. Outside of class work will include readings,
video viewings, information gathering, and a possible
field trip to local agencies.

PSYC 21 Psychology Internships
Would you like to explore applications of psychology in
the “real world?” This course gives students an opportunity to work full-time during Winter Study in a mental health, business, education, law or other setting in
which psychological theories and methods are applied
to solve problems. Students are responsible for locating their own potential internships whether in the local
area, their hometowns, or elsewhere, and are welcome to
contact the course instructor for suggestions on how to
do this. In any case, all students considering this course
must consult with the instructor about the suitability of
the internship being considered before the Winter Study
registration period. Please prepare a brief description
of the proposed placement, noting its relevance to psychology, and the name and contact information of the
agency supervisor. Before Thanksgiving break, the student will provide a letter from the agency supervisor
which describes the agency, and the student’s role and
responsibilities during Winter Study. Enrolled students
will meet the instructor before Winter Study to discuss
matters relating to ethics and their goals for the course,
and after Winter Study to discuss their experiences and
reflections.

PSYC 22 Introduction to Research in Psychology
This course provides a research opportunity for students
who want to understand how psychologists ask compelling questions and find answers about behavior. Several
faculty members, whose subfields include behavioral
neuroscience, cognitive psychology, social psychology, clinical psychology, developmental psychology, and
the psychology of education, will have student projects available. Since projects involve faculty research,
interested students must consult with members of the
Psychology Department before electing this course. In
addition, students should discuss with faculty what the
weekly time requirements will be.

PSYC 31 Senior Thesis
To be taken by students registered for Psychology 493494.

The Science Center
The Science Center links the new South Science Building with the Thompson Biology, Chemistry, and Physics
Laboratories, Schow Science Library, and the Morley
Science Center; Clark Hall completes the Science Center
complex. Construction is underway on a new building to
house the departments of Geosciences, Mathematics and
Statistics, and Psychology. This new building will be
connected via bridge to the Thompson Biology Building
and is expected to be completed for the Spring semester
of 2021.
The science buildings serve as home to the Astronomy,
Biology, Chemistry, Computer Science, Geosciences,
Mathematics and Statistics, Physics, and Psychology
departments and also the interdisciplinary programs in
Astrophysics, Biochemistry and Molecular Biology, Environmental Studies, and Neuroscience. The connected
nature of these facilities fosters interdisciplinary interaction among members of the various science disciplines.
This interaction is facilitated through the sharing of core
research equipment and services; through interdepartmental programs; and, to a great extent, by the close
accociation of faculty with common interests regardless
of their departmental affiliation. Several Science Center
activities further promote this by specifically encouraging discourse among scientists at Williams. This is carried out in a number of ways, including informal faculty
colloquia at Tuesday lunches (during both the summer
and academic year), the maintenance of a weekly sci-

ence calendar, the annual publication of this Report of
Science at Williams, and faculty lectures sponsored each
semester by the local Sigma Xi chapter.
We have recently been afforded opportunities to update
old equipment and expand available resources to support teaching and research in the sciences. This year we
received generous foundational support to purchase a
new FEI:Thermo Quattro S field emmission scanning
electron microscope to replace our ageing SEM workhorse. The new instrument was installed during the summer of 2019 (see page VI). It dramatically improves our
capabilities in electron microscopy and is already being
heavily used by researchers and students. This purchase
is in addition to significant additions in microscopy
during the previous year including a Nikon A1 confocal
microscope and JEOL Jem 1400plus transmission electron microscope. These advanced imaging instruments
have found a home in the new Oberndorf Family Microscopy Suite located in the South Science Building.
The shops (machine, wood, and electronic) provide a
critical resource which allows us to design and fabricate
unique creative solutions to assist faculty throughout the
science departments in their research efforts. We have
recently purchased some new equipment as part of the
expansion of our shop facilities in the new south science
center. This includes a new Haas CNC lathe to go with
the Haas Super Mini Mill purchased a few years ago.

In Memoriam
During the past year we lost two members of the emeritus faculty:
William "Bill" Fox passed away on February 12 at the age of 86. Bill was the Edward Brust Professor of Geology
and Minerology and a member of the Williams class of 1954. He retired in 1996 after 35 years of teaching. Bill was
the first to use computers in teaching and research at Williams and it is said that he was "way ahead of the crowd".
Marsha Altschuler, a beloved member of the biology faculty died on September 12 at the age of 69. Marsha came
to the college in 1985 and taught genetics for nearly 30 years before retiring in 2014. She was an engaged and engaging presence in the college and the larger community and she will be greatly missed.
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2018-2019 Science Lunch Colloquia
Tiku Majumder, Physics

Welcome and Introductions

Matt Carter, Biology

Why you shouldn’t go to sleep on an empty stomach

Duane Bailey, Computer Science

Hardware for mining bitcoin

Pamela Harris, Mathematics and Statistics

On the broadcast domination number of graphs

Savan Kharel, Physics

Scattering, holography, and the wave function of the universe

Anna Plantinga, Mathematics and Statistics

Distance-based analysis for modern microbiome studies

Kevin Flaherty, Astronomy

The (not so) turbulent life of planet forming disks

Xizhen Cai, Mathematics and Statistics

Time-varying Mediation Modal

Luana Maroja, Biology
Richard De Veaux, Mathematics and Statistics P-Values and Scientific Reproducibility: What’s all the fuss?
Katie Hart, Chemistry

Evolution from a biophysical perspective

José Constantine, Geosciences

The Frozen Rivers of Borneo

Ralph Morrison, Mathematics and Statistics

Chip-firing Games on Graphs

Susan Engel, Psychology

Does college have an impact on the way students think?

Bob Rawle, Chemistry

What ever happened to the Zika virus?

Leo Goldmakher, Mathematics and Statistics

The anatomy of integers

Anthony Carrasquillo, Chemistry
Steve Fein, Psychology

Mass Shootings in the US: Thoughts, prayers, and more thoughts

JJ Storm, Religion and Fred Strauch, Physics

Science and Technology (STS) at Williams

Professor Karen Kwitter and Steve Souza pose with 45 years of Williams Astronomy students at the 233rd meeting
of the American Astronomical Society in Seattle, WA.
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Summer Science Research
The summer is a relaxed, yet focused time for research,
without the competition of course work to interrupt
collaborative efforts between students and faculty. In
addition to the actual research experience, the Science
Center sponsors a weekly Tuesday luncheon featuring a
member of the faculty lecturing on current research. We
also sponsor a poster session at the end of the summer
where summer research students present their results.
Summer Research Fellowships were awarded to 182 individuals at Williams during the summer of 2019. Many
of the summer research students entering their senior
year are beginning work that will lead to senior honors
research. This summer, we continued to receive support
from the Henry Luce Foundation through the Claire
Booth Luce Scholorship for Women in Science. This
award is for sophomore women majoring in one of the

six physical science disciplines (Astronomy, Chemistry,
Computer Science, Geosciences, Mathematics/Statistics or Physics). In addition to their summer stipends,
Clare Boothe Luce Scholars were each granted $1,100
for research materials and $1,100 for conference related
expenses. The summer research program also includes
students from outside Williams. Students from a number of other institutions were sponsored by an NSF/REU
site grant to the mathematics and statistics department.
Support for summer research, a $4500 stipend for 9
weeks on average, plus housing, comes from a variety of
sources including College funds. Funding for our other
students comes from generous grants from a many foundations, institutions and individual donors. The science
community and the students who receive the grants are
grateful to all of the donors for the generous support.

Summer Science Research Colloquia 2019
Norman Bell, Science Center

Lab Safety

Tom Garrity, Mathematics and Statistics Still Factoring, After All These Years
Ronadh Cox, Geosciences

Megagravel

Richard De Veaux, Statistics
Joan Edwards, Biology

Fast Plants

Bill Jannen, Computer Science

Hard Drives, Old and New

Kevin Flaherty, Astronomy

In Search of Turbulence in the Era of Planet Formation

Catherine Kealhofer, Physics

Ultrafast electron diffraction: illuminating the fast and the small

Lee Park, Chemistry

Strategies for nanoscale self-assembly
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2019 SSR Significant Funding Sources
Contributors

Number of Stipends Supported

1966 Grant Science Summer Research

2

Alison Davis resaerch Fellowship

3

Arnold Bernhard Foundation Summer Fellows Program

35

Bronfman Science Center Fund

11

Clare Boothe Luce Scholarships for Women in Science

5

Class of 1951

11

Freeman Foote Fund

2

Grant Science Research Fellow

2

John & Louise Finnerty Fund for Applied Mathematical Research

3

Louis 1950 Summer Science Research Fellowship

3

Lowe 1940 Summer Science Research Fellows

2

Lowe 1973 Chemistry Fellowships

11

Markgraf JH 1952 Fellowships

3

NASA

2

NSF/NIH grants to individual faculty

9

SMALL

7

Somers B&L 1948 Physics Internships

1

Sperry Family

1

Synnott 1958 Fund

1

Wege-Markgraf Chemistry Fellowships

3

Whitehead Scholars Program

3

Williams Bicentennial Psychology Scholarship

2

Williams Science Center Funding

40

Wilmers Fellowship

1

Williams Summer Science Program Alumni

14

Total 10-week Student Stipends

174
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Summer Science Students and their Faculty Advisors 2019
Astronomy
Amina Diop
Kevin Flaherty
Connor Marti
Anne Jaskot
Nicole Ford
Anne Jaskot
John Inoue
K. Flaherty/J. Pasachoff
Christian Lockwood
Jay Pasachoff
Biology
Ruth Laurence
Sonya Auer
Shreyas Rajesh
Sonya Auer
Julia Solowey
Sonya Auer
Sonya Lee
Lois Banta
Matthew Long
Lois Banta
Will Doyle
Lois Banta
George Yacoub
Lois Banta
Uriel Garcia
Lois Banta
Ben Maron
Lois Banta
Mikayla Kappes
Ron Bassar
Catherine Powell
Ron Bassar
Stella Woo
Ron Bassar
Emily Agreda McCaughin Ron Bassar
Derrick Spencer
Janis Bravo
Grace Kromm
Matt Carter
Kenneth Han
Matt Carter
Sierra Loomis
Matt Carter
Maxwell Stukalin
Matt Carter
Breelyn Karno
Derek Dean
Alvin Pacheco-Omana
Derek Dean
Cristina Mancilla
Joan Edwards
Henry Newell
Joan Edwards
Eugene Cho
Tim Lebestky
Joelle Troiano
Tim Lebestky
Hafidh Hassan
David Loehlin
Caleigh Paster
David Loehlin
Manting Xu
David Loehlin
Hanbin Koo
Luana Maroja
Michele Laker
Luana Maroja
Xiaoyong Cui
Luana Maroja

Jason Ha
Katya Khalizeva
Erin Courville
Jenks Hehmeyer
Patrick Zhuang
Annabelle Feist
Chloe Henderson
Eily Mixson
Kiri Peirce

Martha Marvin
Martha Marvin
Rob Savage
Rob Savage
David C. Smith
Steve Swoap
Steve Swoap
Steve Swoap
Heather Williams

Environmental Studies
Jaya Alagar
Jay Racela
Chemistry
Joseph Flores
Nathan Cook
Odysseas Morgan
Nathan Cook
Ryan Rilinger
Katie Hart
Megalan Tso
Lee Park
Lesly Mejia
Lee Park
Sonia Nyarko
Lee Park
Cody Carrier
Lee Park
Kimberly Hadaway
Enrique Peacock-Lopez
Maia Czaikowski
Enrique Peacock-Lopez
William Bock
Enrique Peacock-Lopez
Andrei Draguicevic
Enrique Peacock-Lopez
Papa Freduah Anderson
Bob Rawle
Abraham Park
Bob Rawle
Nandini Seetharaman
Bob Rawle
Joshua Choi
Bob Rawle
Amy Lam
Bob Rawle
Eva Castagna
Anne Skinner
Sarah Michels
Thomas Smith
Conrad Wahl
Thomas Smith
John Velez
Thomas Smith
Huijun Huang
Jay Thoman
Anna Jackowski
Jay Thoman
Maria Roman
Amanda Turek
George Arrowsmith
Amanda Turek
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Computer Science
Jae Mahn Surh
Jeannie Albrecht
Kirby Gordon
Jeannie Albrecht
Karmen Liang
J. Albrecht/D. Barowy
Peter Zhao
J. Albrecht/D. Barowy
Chrispine Lwekaza
Duane Bailey
Minwoo (Josh) Kang
Duane Bailey
Vy Nguyen
Daniel Barowy
Max Stein
Daniel Barowy
David Lee
Stephen Freund
Margaret Allen
Stephen Freund
Noah Cowit
Iris Howley
Catherine Yeh
Iris Howley
Grace Murray
Bill Jannen
Jack Ellert-Beck
Bill Jannen
David Ariyibi
Bill Lenhart
Yo Akiyama
Thomas Murtagh
Geosciences & Williams Mystic
Matthew Wiseman
Alice Bradley
William Downs
Alice Bradley
Marshall Borrus
Alice Bradley
Quinlan Byrne
Phoebe Cohen
Annalee Tai
Phoebe Cohen
Katherine Pippenger
Phoebe Cohen
Maxine Ng
José Constantine
Molly Lohss
José Constantine
Matias Korfmacher
José Constantine
Michael Armstrong
José Constantine
Marco Vallejos
José Constantine
Summer-Soltice Thomas
José Constantine
Matthew Chicoye
Mea Cook
Dayana Manrique
Mea Cook
Jared Bathen
Mea Cook
Caroline Hung
Lisa Gilbert
Julia Ward
Lisa Gilbert
Sophia Stouse
Lisa Gilbert
Erin Meadors
Lisa Gilbert
Lindsay Fox
Lisa Gilbert
Ethan Lopes
Paul Karabinos
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Mathematics & Statistics
Geunho Kye
Julie Blackwood
Ryan Cox
Xizhen Cai
Rebecca Silva
Richard De Veaux
Rose Dong
Tom Garrity
Daniel Jordan-Alverez
Tom Garrity
Ariel Koltun-Fromm
Tom Garrity
Brian Mintz
Tom Garrity
Amy Bradford
Tom Garrity
Otto Osterman
Tom Garrity
Mary Stelow
Tom Garrity
Konnor Herbst
Tom Garrity
Ben Logsdon
Leo Goldmakher
William Johnson
Leo Goldmakher
Erica Barrett
Susan Loepp
Emil Graf
Susan Loepp
Kimball Strong
Susan Loepp
Sharon Zhang
Susan Loepp
Renyuan Ma
Steven Miller
Neelima Borade
Steven Miller
Charles Devlin
Steven Miller
Sara Fish
Steven Miller
Clayton Mizgerd
Steven Miller
Chenyang Sun
Steven Miller
Leticia Mattos Da Silva
Steven Miller
Keller Blackwell
Steven Miller
Thomas Martinez
Steven Miller
Alexandra Newlon
Steven Miller
Catherine Wahlenmayer
Steven Miller
Wanqiao Xu
Steven Miller
Dylan King
Steven Miller
Nehemiah Wilson
Anna Plantinga
James Leng
Cesar Silva

Tarun Yadav
Sakib Aleem
Qiyuan Hu
Paige Robichaud

Physics
Daniel Aalberts
Daniel Aalberts
Daniel Aalberts
Charlie Doret

Jacob Lezberg
Nicholas Patino
Anneliese Silveyra
Aidan Ryan
Eshaan Patel
Adam Dionne
Joseph Headley
Edgar Lyons
Ilana Albert
Joshua Reynolds
Heather Kurtz
Abdullah Nasir
Duncan McCarthy
Declan Smith
Hyeongjin Kim
Mariam Ughrelidze
Patricia Fofie
Justin Berman
Ian Banta
Declan Daly

Charlie Doret
Katharine Jensen
Katharine Jensen
Katharine Jensen
Katharine Jensen
Katharine Jensen
Katharine Jensen
Katharine Jensen
Catherine Kealhofer
Catherine Kealhofer
Catherine Kealhofer
Tiku Majumder
Tiku Majumder
Tiku Majumder
Fred Strauch
Fred Strauch
Fred Strauch
David Tucker-Smith
David Tucker-Smith
David Tucker-Smith

Psychology
Emily Chang
Matthew Clasen
Carl Porto
Matthew Clasen
Daniel Hahn
Matthew Clasen
Ryan Rillinger
Matthew Clasen
Jamie Nichols
Matthew Clasen
Whitney Sandford
Susan Engel
Will Barrett
Steven Fein
Matan Levine-Janach
S. Fein/J. Cone
Alexandra Medeiros
S. Fein/J. Cone
Laura Westphal
Amie Hane
Joseph Wilson
Amie Hane
Amy Garcia
Amie Hane
Yeojin Choi
Nate Kornell
Mara Kipnis
Nate Kornell
Daniel Hahn
Shivon Robinson
Gabriella Bal
Noah Sandstrom
Tristan Colaizzi
Noah Sandstrom
Erin Lamberth
Kate Stroud
Andrew Lee
Safa Zaki
Will Cozadd
Safa Zaki

Catherine Powell '22 explains her summer research to Cory Campbell from OIT during the summer
science poster session on August 9, 2019
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Summer Science Research Poster Session: August 9, 2019
Student Name(s)
Tarun Yadav
Jae Mahn Surh
Kirby Gordon
Vy Nguyen, Peter
Zhao
Ruth Laurence
Shreyas Rajesh,
Julia Solowey
Chrispine Lwekaza
Minwoo (Josh)
Kang
Sonya Lee, Matthew Long
Karmen Liang, Max
Stein
Catherine Powell

Ron Bassar

Matthew Wiseman

Alice Bradley

Marshall Borrus

Alice Bradley

Derrick Spencer

Janis Bravo

Emily Chang, Carl
Porto
Maxine Ng, Matias
Korfmacher
Michael Armstrong

Matt Clasen

Marco Vallejos
Joseph Flores, Odysseas Morgan
Matthieu Chicoye,
Dayana Manrique
Jared Bathen

Advisor Name(s)
Daniel Aalberts
Jeannie Albrecht
Jeannie Albrecht
J.Albrecht/D.
Barowy
SonyaAuer
SonyaAuer
Duane Bailey
Duane Bailey
Lois Banta
Dan Barowy

Jose Constantine
Jose Constantine
Jose Constantine
Mea Cook
Mea Cook
Mea Cook
Charlie Doret

Paige Robichaud,
Jacob Lezberg
Henry Newell

Joan Edwards

Amina Diop
John Inoue

Kevin Flaherty
Kevin Flaherty
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Poster Title
Stable Secondary Structures in Intronic Sequences
Modeling Energy Use in Smart Buildings using Machine Learning
Towards Natural Handwriting Transcription using Smartwatches
SMURF: Self-Mending User Friendly Parser
Introduction of Guppy Growth Based on Diet and Predation
Aquatic Respirometry: Analyzing RMR in Poecilia reticulata
(Trinidadian Guppies) to Inform Evolutionary Trajectory
Moving the Ambrosia Modeling System to the Cloud
Towards an Energy-Efficient Adaptive Processor
Modulation of Host Defenses and Biofilm Formation by the Agrobacterium Tumefaciens Type 6 Secretion System
MadMan: Crowd-programming through Online Advertising
Telomeric Analysis by qPCR across Trinidadian Guppy Populations
Impact of the length of the sea ice-free summer season on Alaskan
Arctic coastal erosion rates
Using seismology to track the timing of sea ice ridging events and
shorefast ice stabilization in coastal Alaska
Investigating the Roles of Nitrogen Starvation, Rapamycin, and
Caffeine on Autophagy in Saccharomyces cerevisiae
Preventative and Predictive Diet-Related Factors of Oxycodone
Addiction
Come Hell or High Water II: the Drinking Water Worry in Centreville
The Controls on Riverine Water Quality ~ A Case Study of the
Green River
Suspicious Shifting Soils: A Story About Tallevast Florida
Antibiotic Tea? An Ethnobotanical Investigation on the Bioactivity
of Turnera Diffusa
Identifying and Matching Volcanic Ash Layers Using Geochemistry
Biogenic Opal and Carbon Dioxide Flux through Glacial Cycles in
the Bering Sea
Upgrades to Ion-Trapping Apparatus
The Importance of Diptera in North American Pollination Networks
Vertical Structure of Turbulence around DM Tau
Warping in the Protoplanetary Disk Around HD 100546

David Lee, Margaret Allen
Rose Dong, Ariel
Koltun-Fromm,
Otto Osterman
Daniel Jordan-Alverez, Brian Mintz,
Amy Bradford,
Konnor Herbst
Catherine Yeh,
Noah Cowit
Noah Cowit
Grace Murray, Jack
Ellert-Beck
Connor Marti
Nicole Ford
Nicholas Patino
Anneliese Silveyra
Aidan Ryan
Aidan Duncan
Eshaan Patel, Adam
Dionne
Joseph Headley
Edgar Lyons
Ilana Albert, Joshua
Reynolds
Heather Kurtz
Eugene Cho, Joelle
Troiano
Hafidh Hassan

Tom Garrity

Inferring Synchronization Disciplines to Verify Atomicity of Concurrent Code
Complexity

Tom Garrity

R2 TRIP

Iris Howley

Up, Up, and Away: The Journey to Demystify Bayesian Knowledge Tracing
Accessibility in AI: How Can We Know What People Know?
Optimizing SMRTr: Efficiently Locking B^e Trees

Steven Freund

Iris Howley
Bill Jannen
Anne Jaskot
Anne Jaskot
Kate Jensen
Kate Jensen
Kate Jensen
Kate Jensen
Kate Jensen
Kate Jensen
Kate Jensen
Catherine Kealhofer
Catherine Kealhofer
Tim Lebestky
David Loehlin

Caleigh Paster

David Loehlin

Manting Xu

David Loehlin

Erica Barrett, Emil
Graf, Kimball
Strong, Sharon
Zhang
Abdullah Nasir

Susan Loepp

Duncan McCarthy,
Declan Smith
Hanbin Koo, Michelle Laker

Tiku Majumder
Tiku Majumder
Luana Maroja

Modeling Stellar Ages and Metallicities in Green Pea Galaxies
Gas Properties of Low-Redshift Star-Forming Galaxies
Focusing Acoustic Radiation in Thin Film Gel Circular Membranes
Sexual Reproduction in Marchantia
Phase Separation in Adhesive Contact
High Speed Dynamics of Adhesive Wetout
Phase Separation in Adhesive Contact
How Silicone Microspheres Spread: Competition Between the
Forces of Surface Tension, Adhesion and Elasticity
Rough Adhesion: Cursory
Simulation and Design of Electron Optics
Preparation and Characterization of Ultrathin Graphite
The role of arousal in Drosophila optomotor responses and the
effect of Toll receptors on Drosophila grooming
Understanding the Effect of Insulators on the Pattern of Gene Expression in Tandem Gene Duplicates
Comparative Expression Levels of Tandem Gene Duplicates in D.
melanogaster
Varying Distances Between Tandem Gene Duplicates and its Effect
on Gene Expression
Complete local rings and their precompletions

Precision Spectroscopy and Stark Shift Measurements in a Lead
Atomic Beam
Using Faraday Optical Rotations to Precisely Measure Isotope
Shifts and Hyperfine Splitting in Lead
Hybrid Swarm Gene Analysis in Drosophila athabasca and Drosophila mahican
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Katya Khalizeva

Martha Marvin

Yo Akiyama

Tom Murtagh

Christian Lockwood
Maia Czaikowski

Jay Pasachoff

Enrique
Peacock-Lopez
William Bock
Enrique
Peacock-Lopez
Andrei Draguicevic Enrique
Peacock-Lopez
Noah Nsangou
Anna Plantinga
Nehemiah Wilson
Jaya Alagar, Petra
Baldwin
Papa Freduah Anderson
Abraham Park

Anna Plantinga
Jay Racela
Bob Rawle
Bob Rawle

Nandini Seetharaman, Amy Lam
Gabriella Bal
Patrick Zhuang

Bob Rawle
Noah Sandstrom
David Smith

Hyeongjin Kim

Fred Strauch

Mariam Ughrelidze Fred Strauch
Huijun Huang,
Jay Thoman
Anna Jackowski
Justin Berman,
David Tucker-Smith
Declan Daly

Using a Fluorescence Plate Reader to Investigate Stress Response
Induction in SR4G Zebrafish
"Evaluating a Novel Cost Benefit Garbage Collection Heuristic for
Log-Structured File Systems"
Preliminary Results from the 2019 Total Solar Eclipse in Chile
Circular Inhibition in a Second Order Self-Replicating Peptide
Model produces Oscillations
Oscillatory Chiral Symmetry Breaking by Peptides in a Simple
Trimerization Model
Induced Synchronization of Biological Systems
Covariate Adjusted Ordination Plots with Applications to Microbiome Studies
Regression-Based Microbiome Association Testing
Farming the Flats: An Analysis of Soils for a Community Garden
Developing Fluorimeter-Based Fusion Assay of Sendai Virus to
Liposomes
Kinetic and Cellular Automaton Models of West Nile Virus Hemifusion
Results to Dye for: An Investigation of the Effects of Fluoresence
Dye Labelling of Sendai Virus on Binding and Fusion
I Feel Your Pain: Empathy and its Neural Representation
TadPools: Analysis of Sibship Structure and Genetic Inheritance in
chorus frogs
Fast and High-Fidelity Quantum Logic Gates for Parametrically
Coupled Transmons
Correlation Functions and Bell Inequalities in d≥2 Dimensions
Quantification of PFOA in Regional Water, Soil, and Vegetables
using HPLC/MS-TOF
A Baryon Asymmetry From Dark Matter Oscillations

Tarun Yadav '21 explaines his summer research to a fellow student.
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Pre-First Year Summer Science Program
The Summer Science Program (SSP) provides an enriching and intensive five-week experience for talented
incoming Williams students interested in the sciences
who are from underrepresented minority groups and/or
who are first-generation college students. The goal of
the program is to encourage continuing participation by
SSP students in science and science related studies at
Williams and to promote careers in research science and
science education.
In its thirty-second summer in 2019, twenty-two students took classes in chemistry (including a major laboratory component), biology, mathematics and English
(literature and expository writing). Although not replicas of Williams academic year offerings, the Summer
Science Program classes are taught at a college level,
thus introducing participants to the rigors and demands
of college academics. In addition to the classes, the students participated in a variety of extracurricular activities including a geology fieldtrip, a theater performance
at the Williamstown Theatre Festival and a trip to the
Williams-Mystic program.
Enthusiasm for the program has been high. Participants
have taken full advantage of the opportunity to study
at Williams in the summer. As a result of the Summer
Science Program, their academic year experiences have
been successful and many of the students have contin-

ued their studies in science or mathematics. A significant
number of former participants have returned to campus
in the summer as full-time research students in the sciences. Several others have become tutors for the Summer Science Program, or have secured positions elsewhere in science research institutes.
Faculty involved in the teaching for the Summer Science
Program included Professors Chris Goh, Sarah Goh and
Amy Gehring (Chemistry), Professors Lori Pedersen
and Mihai Stoiciu (Mathematics), Professors Dan Lynch
and Steve Swoap (Biology), Professor Cassandra Cleghorn (English) and Professors Phoebe Cohen and Mea
Cook (Geosciences).
The Summer Science Program has been funded primarily by Williams College as part of its commitment to
encourage the participation of traditionally underrepresented groups in the sciences. The Summer Science Program received additional funding from a biological sciences grant from the Howard Hughes Medical Institute.
This grant contributed support for several SSP components, and has provided summer research stipends for
SSP students after their first year at Williams. Special
thanks go to the many science faculty, staff and students
of Williams College who over the years have contributed to the success of the program and of its participants.

Pre-First Year Summer Science Program Participants 2019
Student Participants
Mariela Cadena Hernandez
Emmanuelle Copeland
Yannick Davidson
David Eilen
Matias Enriquez
Rheanna Fleming
Karunesh Gautam
Chloe Hysore
Natalie Jean-Michel
Cinthya Maldonado
Amy Martinez
Cynthia Masese
De La Petrillo-Foster

Alexis Poindexter
AbuBakr Sangare
Jennifer Sarmiento
Laurel Swanson
Joanna Tan
Tony Truong
Lirianna Valerio
Bishoy Yacoub
Student Tutors
Eva Castagna
Amy Lam
Marcelo Mazariego
Christopher Ochoa

Faculty
Chris Goh, Chem., SSP Director
Cassandra Cleghorn, English
Phoebe Cohen, Geosciences
Mea Cook, Geosciences
Amy Gehring, Chemistry
Lisa Gilbert, Mystic
Sarah Goh, Chemistry
Kate Jensen, Physics
Dan Lynch, Biology
Lori Pedersen, Math
Tim Pusack, Mystic
Mihai Stoiciu, Math
Steve Swoap, Biology
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Summer Science Lab Program
For over twenty years Williams College Summer Science Lab has brought science alive for local elementary
students. Summer Science Lab is an amazing science
experience for children entering 5th or 6th grade. In
groups of four, elementary students experiment with a
variety of substances in Williams College laboratories.
Each Lab group is guided by a Williams College undergraduate or a Mount Greylock Regional School student
and investigates a variety of chemical reactions relating
to solids, liquids, and gasses. Williams College chemistry professors Dave Richardson and Chip Lovett present
chemical mysteries to the young scientists and explain,
through demonstrations and experiments, the chemistry
behind those mysteries.
The mission of Summer Science Lab is to get elementary students more engaged with and educated in the
scientific process and how things work at the molecular
level, and to help undergraduates, who are aspiring scientists and educators, understand how to teach science.
Two lab weeks are offered in July. In 2019, thirteen students from Williams College and Mt Greylock Regional
School taught elementary students through hands-on ex-

periments, which explore scientific processes. Fifty-nine
elementary students attended Summer Science Lab this
year.
This model science teaching experience for undergraduates places them alongside college faculty as well as
two local high school science teachers, who act as director and assistant director, for Summer Science Lab.
Historically, Summer Science Lab began in 1999 with
funding from the Howard Hughes Medical Institute.
Over the years additional support has also come from
Williams College Olmsted funding. Currently elementary student fees fund Summer Science Lab. Also Williams College generously sponsors elementary student
scholarships and busing to make this opportunity widely
available.
We are grateful for the·continuing support of science
faculty, the Summer Science Lab director and assistant
director, Williams undergraduates, the Center for Learning in Action, and Williams College in providing this
valuable learning experience to the children of our community.

Summer Science Lab Program Participants 2019
Students
Papa Anderson ‘21
Amy Garcia ‘22
Will Bock ‘22
Max Stukalin ‘20
Joseph Flores ‘20
Maia Czaikowski ‘20
Williams Faculty
Chip Lovett
Dave Richardson

Other Support
Jennifer Swoap - Administrator
Hazel Scullin
Miriam Bakija
Gina Wang
Khushi Devre
Amelia Murphy
Aurora Bullet
Emma Paul
Grace Winters - lab assistant
And 59 elementary students!

Local Teachers
Stephen Bechtel - Director
Tim Herrmann - Lead Teacher
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Williams College Sigma Xi Chapter and 2019 Inductees
The Williams College Sigma Xi chapter has played an
active role on the Williams Campus since it was founded
as the Sigma Xi Club in 1969. Sigma Xi is a national
society honoring and encouraging research in science.
The officers for 2018-2019 were Professor Jay Pasachoff
of the Astronomy Department (President), and Professor Lois Banta of the Biology Department (Secretary/
Treasurer).
Every year, the local Sigma Xi chapter sponsors two excellent talks directed to broad community audiences. In
October, 2018 Marek Demianski, Visiting Professor of
Astronomy delivered a talk titled “Gravitational Waves:
A New Window on the Universe”. In April, 2019, Phoebe Cohen, Associate Professor of Geosciences delivered
a lecture titled “Answering Burning Questions by Burning Tiny Fossils: Reconstructing Ancient Ecosystems via
Single-Microfossil Carbon Isotopes” The lectures were
followed by lively and well-attended receptions in the
Science Center Atrium.
Biology
Olivia Barnhill
Francesca Barradale
Darcie Caldwell
Erin Cohn
William Doyle
Haelynn Gim
Louisa Goss
Alexandra Griffin
Maia Hare
Sonya Jampel
Kyung Shin Kang
Se Rin (Julie) Kim
Sehwheat Manna
Rodsy Modhurima
Emma Rogowski
Chemistry
David Azzara
Benjamin Bui
Jonathan Hall
Walker Knauss
Anna Ringuette
Bethel Shekour

The Williams College Sigma Xi Chapter sponsors a
High School Science Award for a student at Mount
Greylock Regional High School in Williamstown, MA,
in recognition of a high level of motivation and accomplishment in science courses. This year the award was
given to Julia Jammalo
One of the primary purposes of Sigma Xi is to recognize
graduating science students who have demonstrated exceptional ability and promise for further contributions to
the advancement of scientific research. These students
are elected as associate members of Sigma Xi and are inducted into the society at a ceremony during commencement weekend. On Class Day, the chapter honored 56
newly elected associate members from the Class of 2019
in a ceremony in the ’62 Center for Theatre and Dance.
Detailed descriptions of their research projects are presented in the student abstracts section of this report. This
year’s honorees are as follows:

Lauren Vostal
Caroline Weinberg
Computer Science
Ari Ball-Burack
Miranda Chaiken
Grace Mazzarella
Geosciences
Monica Bousa
Daniel Donahue
William Downs
Chen-Yi Hung
Erikka Olson
Mathematics
Andrew Aramini
Judah Devadoss
Jonah Greenberg
Neel Jain
Zhiqi Li
Anya Michaelsen
Anthony Simpson
Yuxin Wu

Physics
Ian Banta
Iona Binnie
Anna Black
Felix Knollman
Jeremy Thaller
Psychology
Isabel Benjamin
Maya Bracy
Abby Brustad
Victoria Chentsova
Danielle Faulkner
Anna Leonard
Alexandra Melishkevich
Benjamin Morton
Jessica Munoz
Joseph Wilson, Jr.
Statistics
Youngsoo Baek
Eric Rosenthal
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Astronomy Department
Faculty in astronomy include Karen B. Kwitter, Chair
(Spring) and Ebenezer Fitch Professor of Astronomy;
Jay M. Pasachoff, Chair (Fall), Field Memorial Professor
of Astronomy and Director of the Hopkins Observatory; Marek Demianski, Visiting Professor of Astronomy;
Steven P. Souza, Senior Lecturer and Observatory Supervisor; and Kevin Flaherty, Lecturer and Observatory
Supervisor. Marcos Peñaloza-Murillo, Professor Emeritus at the Universidad de los Andes, Mérida, Venezuela,
was a visiting scientist for most of the year. Kwitter was
on leave in the fall; Pasachoff was on leave in the spring.
This year was Flaherty’s first as successor to Souza; on
July 1, 2019, Dr. Anne Jaskot ’08 joined the faculty
as Assistant Professor of Astronomy. On the same day,
Kwitter and Souza officially retired and assumed emeritus status.
Professor Karen Kwitter continued her research on the
chemical compositions of planetary nebulae (PNe) and
their role in enriching the interstellar medium in galaxies. PNe are the ejected shells of dying sun-like stars,
and contain products of nuclear processing – helium, nitrogen, carbon – that occurred inside their parent stars,
so are valuable probes into the chemical enrichment history of the Milky Way and other galaxies. Kwitter and
Dick Henry (Oklahoma), along with other colleagues
have studied the contribution of PN progenitor stars to
the carbon and nitrogen content of the Milky Way, comparing observed abundances with theoretical model predictions. Their latest paper appeared in Monthly Notices
in January 2019. They are also working on a review paper on planetary nebulae for the Publications of the Astronomical Society of the Pacific for publication in 2020.
Williams College is a member of the Northeast Astronomy Participation Group of colleges that have access to
Apache Point Observatory (APO) in New Mexico. In
April and June, Jaskot and Kwitter observed remotely
at APO, using an echelle spectrograph to study the kinematics of hydrogen emission in “Green Pea” galaxies
that are proxies for much more distant galaxies that were
responsible for the reionization of the universe about
one billion years after the Big Bang.
Kwitter ended her service on the International Astronomical Union’s Working Group on Planetary Nebulae.
Finally, Williams continues as a member of the Northeast Astronomy Participation Group, a consortium of
small colleges that has contracted for 3.5-m and 20-inch
telescope time at Apache Point Observatory. Kwitter
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and Steve Souza have observed remotely many times
with students for their research; Jaskot has already begun using these facilities, as described above. Kwitter
attended the 233rd meeting of the American Astronomical Society in Seattle, WA in January, where she and
Steve Souza presented a poster. She also attended the
2019 Spring Symposium, Deaths and Afterlives of Stars,
at the Space Telescope Science Institute in Baltimore, in
April, where she caught up with alumni Bethany Cobb
Kung ’01, who is Associate Professor of Honors and
Physics at George Washington University; and Matthew
Hosek ’12, currently a postdoc in Andrea Ghez’s Galactic Center Group at UCLA.
This has been a transition year in which Steve Souza
and Kevin Flaherty have worked in collaboration on the
latter’s responsibilities as Lecturer and Observatory Supervisor. These include conducting and supervising the
astronomy observing program, indoor labs, and daytime
observing, maintaining and improving the observatory,
and hosting observatory visitors including student previews and prospective students. Both Souza and Flaherty also served as department liaison with OIT and
Facilities. Souza continued to advise first-year students
and sophomores. He attended the 233rd Meeting of the
American Astronomical Society in January 2019 in Seattle, where he presented, with Kwitter, a poster entitled
"Spectroscopy of Known and Suspect Be Stars in Open
Clusters."
Lecturer Kevin Flaherty worked with Steven Souza
to conduct and supervise the astronomy observing program, indoor labs, and daytime observing. He has hosted observatory visitors, including visiting students from
Argentina, and Science Blast 2019 participants.
Flaherty has also continued his research on the formation
of planets. Using data from the Atacama Large Millimeter/submilleter Array (ALMA) in the Atacama Desert
of Chile, he studied a peculiar debris disk around a low
mass star. Over the course of the spring semester, Peter Knowlton ’21 studied the properties of disks around
binary stars, precursors of Tatooine-like planetary systems. For his senior thesis this coming year John Inoue
’20 will be examining molecular line emission from
two systems, looking for evidence that turbulence influences the chemical structure of planet-forming disks,
while this summer Amina Diop ’21 will be using recently obtained ALMA data to study the three-dimensional
structure of turbulence in a nearby planet-forming disk.

Flaherty was also co-author on two white papers for the
Astro 2020 Decadal survey, which is used as a guide for
the path forward in astronomy over the next decade.
Over the past year he has attended the KNAC fall symposium at Middlebury college, a two-week workshop at
the Aspen Center for Physics on the connection between
theory and observations of planet-formation, as well as
the Massachusetts Space Grant Meeting in Boston.
Professor Jay Pasachoff and his students were studying
their data from the Great American Eclipse of August
21, 2017. Pasachoff arranged a visit to the campus of
Willamette University in Salem, Oregon with eight undergraduates with support from his NSF grant, his grant
from the National Geographic Society's Committee for
Research and Exploration, and the NASA Massachusetts
Space Grant Consortium. Images and other information
about eclipse efforts past and future appear at http://totalsolareclipse.org.
Pasachoff and his students Christian Lockwood ’20, Erin
Meadors ‘20, and John Inoue ’20 observed the July 2,
2019, total solar eclipse from La Higuera, Chile, on the
totality’s centerline north of La Serena. Lockwood and
Inoue, starting in June 2019, spent the summer preparing
for the expedition and working on the data and on other
astronomical projects, with the expedition supported by
Pasachoff’s NSF grant, and by the NASA Massachusetts
Space Grant Consortium. The successor NSF grant is
for 3 years from July, 2019 through June, 2022 and also
will include the solar eclipse of December 14, 2020, for
which arrangements are in place in Las Grutas, Argentina. Pasachoff is Principal Investigator on behalf of Williams College, in the new research grant from the Solar
Terrestrial Program of the Atmospheric and Geospace
Sciences Division of the National Science Foundation.
The Pasachoff team is especially interested in the solar
corona which is now (2019-20) in the minimum of the
solar-activity cycle which is most easily seen as the sunspot cycle, but also affecting the shape and temperature
of the solar corona and other aspects of the sun. For the
2019 eclipse observations, he worked with a number of
colleagues including Kevin Reardon ’92 of the National
Solar Observatory in Boulder, CO, and Daniel Seaton
'01 of NOAA in Boulder, CO. For the eclipse, he was
awarded one of five slots for four scientists at the Cerro
Tololo Inter-American Observatory in Chile, which is in
the zone of totality.
Former Fulbright visitor Prof. Marcos Peñaloza-Murillo
of the Universidad de los Andes in Mérida, Venezuela,
spent most of the summer of 2018 and the academic year

at Williams College, supported by Williams College
with some support from MIT. He worked with Pasachoff
and Ross Yu ’19 on the effect of total solar eclipses on
the terrestrial atmosphere, and was co-advisor on Yu’s
senior thesis.
Pasachoff is Chair of the International Astronomical
Union's Working Group on Solar Eclipses, which is
joint between the heliophysics and education/outreach/
heritage "Interdisciplinary" divisions of the IAU, with
a website he maintains, assisted by Edwin Carpio ’19,
at http://eclipses.info, providing links to maps, safe-observing information, and other information about past
and future eclipses. He is a member of the Eclipse 2017
Task Force of the American Astronomical Society.
Pasachoff provided outreach about the Centennial of
the 1919 eclipse at which Arthur Eddington and others
verified the prediction of the deflection of light by the
Sun advanced by Albert Einstein. He also provided an
eclipse-related segment prior to the July eclipse. The
webcasts were for 365daysofastronomy.org.
Pasachoff and Roberta J. M. Olson of the New-York
Historical Society were the authors of Cosmos: The
Art and Science of the Universe, an illustrated book on
the overlap of art and astronomy, published by Reaktion Books (London) and distributed in the U.S. by the
University of Chicago Press. Their book discusses about
three hundred works of art related to astronomy and is
based on their lengthy common research that dates back
to the start of their collaboration at the Halley’s Comet
passage of 1985-86.
Pasachoff observed the partial solar eclipse of July 2018
from Tasmania; the partial solar eclipse of August 2018
from Stockholm; and the partial solar eclipse of January
6, 2019, from the National Astronomical Observatory of
Japan in Tokyo. Images and descriptions are available at
http://eclipses.info = http://sites.williams.edu/eclipse/;
as of those observations, Pasachoff has observed 70 solar eclipses including 34 total solar eclipses.
Pasachoff was at the Johns Hopkins University Applied
Physics Laboratory Maryland for the return of data from
the New Horizons spacecraft as it flew past a ~20 mile
object in January. This was a long planned follow up
to post-Pluto observations of New Horizons. At the data-return rate, it is expected to take over a year for all the
flyby data to be received. The work has been supported
by NASA grants to Williams and to MIT from NASA’s
Planetary Astronomy Program; the MU69 expedition—
joint with Muzhou Lu ’13 and arranged by the Southwest
Research Institute (SwRI).
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Pasachoff completed several years as a Visitor in the
Planetary Science Department at Caltech, spending occasional time and sabbaticals there. For his spring 2019
sabbatical, he is now a Visitor at the Carnegie Observatories, Pasadena. He is planning observations of the
November 11, 2019, transit of Mercury across the face
of the Sun, the last transit until 2032, at the Big Bear
Solar Observatory in California. Williams College is
part of the Zwicky Telescope Facility’s educational program, which included a night at the 5-m Hale telescope
at Palomar for four of his students in July 2018.
Pasachoff continued as Chair of the Working Group on
Solar Eclipses of the International Astronomical Union's
as part of the IAU's reorganized Division structure that
put the Interdivisional Working Group as part of both the
Education, Outreach, and Heritage Division and the Sun
and Heliosphere Division. He is a member of the Organizing Committee of the History of Astronomy commission in which he is also a member of the Johannes
Kepler Working Group. He continues as U.S. National
Liaison to the successor IAU commission on Education
and Development.
Pasachoff arranged special sessions or gave papers at
the AAS Division of Planetary Sciences in Knoxville,
Tennessee, in October; and at the American Geophysical Union meeting in Washington, DC, in December.
Pasachoff continues as representative of the American
Astronomical Society to the American Association for
the Advancement of Science's Astronomy Division. He
is one of two nominees for four slots on the Committee
of the Division of Planetary Science of the AAS.
Pasachoff continues working on observations of interstellar deuterium, which started with cosmological observations of its fundamental “spin-flip” spectral line
at a frequency/wavelength of 327 MHz/92 cm. The
team was assigned six hours of observing time with the
IRAM 30-meter millimeter-wavelength radio telescope
in France for August 2019 to observe deuterated molecules at wavelengths at 2 and 3 mm in gas clouds in the
part of our Milky Way Galaxy..
For information about Williams College's eclipse and
transit expeditions visit http://www.eclipses.info and
http://www.transitofvenus.info.
Pasachoff continued as President of Williams College's
Sigma Xi chapter. Pasachoff continued as the Williams
College representative to the NASA-sponsored Massachusetts Space Grant Consortium. The Consortium
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sponsored the summer research of Christian Lockwood
’20 and John Inoue ’20 in 2019.
Pasachoff worked with Alex Filippenko of the University of California, Berkeley, on the fifth edition of their
text The Cosmos: Astronomy in the New Millennium
(http://thecosmos5.com), which was published in June
2019.
In its 16th printing, Pasachoff provided a major update
to his Peterson Field Guide to the Stars and Planets, 4th
edition (Houghton Mifflin Harcourt), including results
from the 2017 eclipse and extending the predictions and
tables for a decade. He and Jay Anderson, a Canadian
meteorologist, provided the manuscript for a Peterson
Field Guide to the Atmosphere to Houghton Mifflin Harcourt; it is under revision.
Pasachoff continues as physical-science book reviewer
for The Key Reporter, the Phi Beta Kappa newsletter.
Pasachoff, a Fellow of the Society for Skeptical Inquiry,
is on the editorial board of the Skeptical Inquirer.
Pasachoff continued to supervise the activities at the Old
Hopkins Observatory, which are scheduled by Astronomy Administrative Assistant Michele Rech. A Zeiss
technician made a bi-annual repair/maintenance visit in
October 2018, the first in a 10-year extension of the original 10-year service contract on the Zeiss ZKP-3B planetarium projector. Students operating the planetarium
during the 2018-19 academic year included Head Teaching Fellow Cielo Perez '19; Diego Gonzalez '18; Glen
Gallik '18; Patrick Postec ’21; Peter Knowlton ’21; and
Brendan Rosseau ’19. Pasachoff supervised Rosseau’s
thesis on the history and future of the space program.
Pasachoff gave his Leadership in Astronomy through
study of the rare books in the Chapin Library for a second time, in fall 2018, jointly with Chapin Librarian
Wayne Hammond. Among the leaders discussed were
Copernicus, Galileo, Kepler, and Einstein, with first
editions of their major books on display, as were First,
Second, Third, and Fourth Folios of Shakespeare along
with a discussion of astronomy in Shakespeare’s works.
At the October meeting of the Division of Planetary Sciences of the American Astronomical Society, Pasachoff
organized and chaired a session on the history of NASA’s Cassini Mission to Saturn (2004-18), jointly between the DPS and the Historical Astronomy Division
(HAD) of the AAS.

Known Post-Graduate Plans of Astronomy Majors
Cielo Perez

Master of Arts in teaching at Clarkson University, Schenectady, NY

Brendan Rosseau

Astronautical consultant for Booz Allen Hamilton, Los Angeles, CA

Ross Yu

Astronomy Colloquia
Colloquia are held jointly with the Physics Department. See Physics colloquia on pp. 81-82 for listings.

Off-Campus Astronomy Colloquia
Kevin Flaherty
“The Dynamic Planet Forming Environment”
Amherst College Astronomy Colloquium, Amherst, MA September 2018
Jay M. Pasachoff
"Syzygy x 3"
Las Cumbres Observatory, Santa Barbara February 2019
Carnegie Observatories, Pasadena March 2019
"Solar Eclipses, Solar Transits by Venus and Mercury, and Pluto/KBO Occultations”
Department of Terrestrial Magnetism, Carnegie Institution of Washington April 2019
George Washington University April 2019
University of California, San Diego May 2019
"Solar Eclipses and Other Syzygies"
NASA’s Goddard Space Flight Center April 2019
"Round the World with Solar Eclipses”
Villa Gardens, Pasadena, CA May 2019
“Lily’s Eclipses”
Monte Vista School, La Crescenta, California June 2019
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Biology Department
Working closely with the many interdisciplinary programs on campus, including the Biochemistry/Molecular Biology (BIMO) Program, the Neuroscience
Program, the Environmental Studies Program, the Bioinformatics/Genomics/Proteomics Program and the
Public Health Program, the Biology Department’s goal
is to provide students with the opportunity to do handson, one-on-one research with a professor in addition to
offering state-of-the-art academic courses. To this end,
the department had 26 honors students working in faculty labs this past year. Of these, 15 were inducted into the
Sigma Xi Honors Society. For the academic year 201920, the department has 24 students who will be doing
honors work. The department is committed to providing
a positive research and learning experience for all biology students. As a result of this commitment, several of
our students were awarded grants or fellowships to pursue their studies after graduation. Francesca Barradale
and Alexandra Griffin received a Stratton Fellowship for
graduate work leading to a Ph.D. The department also
has approximately 38 students doing summer research,
either here at Williams or off-campus. George Yacoub
’21 and Uriel Garcia ‘21 will be working at the Whitehead Institute and Ben Maron ‘21 is spending the summer at the Broad Institute in the lab of Zuzana Tothova
‘01. Funding for summer research comes from various
sources including individual research grants and Division funding. At least half of the biology faculty has had
outside research funding from either NSF or NIH. This
funding allows many students to travel to professional
meetings throughout the year giving poster presentations on their research at Williams.
Each year at graduation, the Biology Department awards
prizes to several outstanding majors. Julie Kim and Benjamin Wipper each received the Benedict Prize in Biology. William Doyle received the Dwight Botanical Prize.
Haelynn Gim received the Conant-Harrington Prize for
exemplary performance in the biology major, and Emma
Rogowski received the William C. Grant, Jr. Prize for
demonstrating excellence in a broad range of areas in
biology.
The Biology Department continued to participate in the
Class of 1960 Scholars program. In the spring, we invited five biology alumni who gave poster presentations on
their research and took part in a panel discussion covering topics ranging from graduate schools to life after
Williams. The poster presentations following the panel
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covered diverse topics and allowed our 1960’s scholars
to interact one-on-one with our visiting scientists. Their
research presentations covered diverse topics:
Clint Robins ’11, a second year Ph.D. student at the University of Washington, and a previous NSF Graduate
Research Fellow spoke on “Effects of urbanization on
cougar foraging ecology along the wildland-urban gradient of western Washington”.
Dan Nachun ’12, Ph.D. in neuroscience from UCLA in
2018, where he studied the peripheral blood transcriptomes of patients with neurodegenerative diseases. He
is interested in using and developing methods in computational genomics to understand aging disorders and
immunology from single cells to large patient cohorts.
Molly McEntee ’14, received the NSF Graduate Research Fellowship and joined the Mann lab at Georgetown University as a PhD student in 2017. She spoke on
“Mortality costs of reproduction in bottlenose dolphins
in Shark Bay, Australia”.
Kathleen Higgins ’14, third year in the Harvard-MIT
MD/PhD program. Her talk was “Investigating the impact of PRMT5 inhibitors on Merkel Cell Carcinoma”
Class of 1960 Scholars in Biology
Kiersten Campbell
Breelyn Karno
Derrick Spencer
Joelle Troiano

Jenks Hehmeyer
Marya Rana
Abraham Steinberger

Professor Lois Banta continued her research on the soil
bacterium Agrobacterium tumefaciens. This plant pathogen is best known for its unique ability to deliver DNA
and proteins to host plant cells, thus stably altering the
genetic makeup of the plant and causing crown gall tumors (“plant cancer”) to form at the infection site. One
major goal of the lab’s current research is to characterize the host defense responses elicited by the bacterium.
This year, Honors student Will Doyle ’19, joined by Joelle Troiano ’20, pursued this line of investigation. At
the 2nd Joint European Agrobacterium meeting/39th
Annual Crown Gall Conference in Ghent, Belgium,
Professor Banta gave a talk on the lab’s recent findings.
The week after graduation, Will Doyle ‘19 presented his
thesis work in a poster at the Boston Bacterial Meeting.
During the fall semester, Professor Banta was on sabbatical to pursue her research. In the spring, she returned to

the classroom, and also assumed the role of Biology Department Chair. In her sophomore-level tutorial Dangerous Exposure: Environment, Immunity, and Infectious
Disease (BIOL 219), students read primary literature on
the ecology and evolution of several recently (re-)emergent diseases such as influenza, Ebola hemorrhagic fever, and AIDS. Topics included transmission dynamics,
epidemiological modeling of vaccination strategies, and
wildlife reservoirs that contribute to human virus exposure. The course examined progress in preventing the
parasitic disease malaria, as well as cholera and Dengue
fever, and why these diseases have proven so refractory to effective containment. Students also discussed the
science behind the recent development of the vaccine
against the human papillomavirus, which causes cervical cancer, and the intriguing and highly unusual transmissible cancers in dogs and Tasmanian devils. Finally,
they explored the contributions of inadequate diagnostic
capacities world-wide and broader issues of resource
shortages in driving the global emergence of drug resistance in tuberculosis and other diseases. One common
theme in each of these case studies was the interplay
between the host immune response and the evolution of
the pathogen.
During this academic year, Professor Banta was a reviewer for the journals Molecular Plant Microbe Interactions and Microbiology. Within Williams, she served
on the Advisory Committees for Public Health, Biochemistry/Molecular Biology, Bioinformatics/Genomics/Proteomics, and Design Thinking at Williams. Finally, she is Secretary/Treasurer of the Williams College
Chapter of the national science honor society Sigma Xi.
Assistant Professor Ron Bassar taught Ecology (BIOL/
ENVI 203) in the Fall and The Organism (BIOL 102) in
the Spring. This year he continued to work on the Evolution of Species Coexistence grant from NSF that funds
short and long term research at his study site on the Caribbean island of Trinidad (www.theguppyproject.weebly.com). He traveled to Trinidad twice to collect guppies to conduct research with Williams College students.
Professor Bassar published three papers in the last year
in both theoretical and empirical ecology and evolution.
He gave one talk at society meetings and gave two invited seminars on his research. He also continues to serve
as Associate Editor for the Journal of Animal Ecology
Matt Carter was promoted to Associate Professor with
Tenure in 2018. He continued his research into the neural
basis of food intake and sleep behaviors using mice as a
model organism. In addition to his current grant from the
National Science Foundation, he was recently awarded

an R15 grant from the National Institutes of Health to
study the neurobiology of appetite suppression. Using
external funding, his lab was able to purchase a new
confocal microscope and two fiber photometry systems
to measure neural activity in freely moving lab animals.
In the past year, he published a scientific paper with six
Williams student co-authors: Hypothalamic Neurons
that Regulate Feeding Can Influence Sleep/Wake States
Based on Homeostatic Need was published in Current
Biology and coauthors included Nitsan Goldstein ’15,
Brian Levine ’16, Kelsey Loy ’15, William Duke ’17,
Olivia Meyerson ’16, and Adam Jamnik ‘17. Professor
Carter also presented invited talks at the 7th International Narcolepsy Symposium and the 10th Neuroimaging
and Modulation in Obesity and Diabetes Research meeting at the NIH. He also brought 12 students to the Society for Neuroscience meeting in November 2018.
Over the 2018-19 academic year, Professor Carter
worked with three thesis students: Olivia Barnhill ’19
completed a thesis project titled Tachykinin-1 neurons in
the parasubthalamic nucleus (PSTN) suppress appetite;
Erin Cohn ’19 completed a thesis project titled Asprosin administration during the inactive period inceases
wakefulness; and Kene Odenigbo ’19 completed a thesis project titled Asprosin administration blunts torpor
bouts in mice. Professor Carter taught Neural Systems
and Circuits (BIOL 311) in Fall 2018 and Physiology
(BIOL 205) in Spring 2019.
This year, Assistant Professor Pei-Wen Chen worked
with two thesis students on the molecular basis of
ASAP1-dependent ovarian cancer progression: Louisa
Goss ’19, who studied the mechanism by which ASAP1
regulates nuclear translocation of a transcription co-activator YAP; Christine Tanna ’19, who studied the effect
of ASAP1 on non-muscle myosin 2 activity and cancer invasion. They published a review in International
Journal of Molecular Sciences entitled Arf GAPs as
regulators of the actin cytoskeleton – the update. PeiWen also co-authored on another two papers: ARAP2
inhibits Akt independently of its effects on focal adhesions in Biology of the Cell and ARF GTPases and their
GEFs and GAPs: concepts and challenges both papers
were published in the journal Molecular Biology of the
Cell. Pei-Wen taught Cellular Assembly and Movement
(BIOL326) in the fall and Biochemistry II: Metabolism
(BIMO/BIOL/CHEM322) in the spring.
For the love of biology and to help prepare students for
jobs and graduate research, lecturer Derek Dean continues to bring primary research into the Biology 102 and
Genetics lab classes. In the "Frog Lab" of Biology 102,
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we have been collecting wood frog eggs from across the
Connecticut River and on the summit of Mount Greylock to test if water or extreme altitude form barriers
for migration or otherwise affect population health--we
are excited to test these new samples in class next year.
In the famous "Fly Lab" of Genetics, we continue to
map previously unmapped mutations to their associated
genes. Most recently, we believe we have mapped sable, a Drosophila mutation causing a darkened body, to
its associated gene. Sable was originally described over
100 years ago by the first group of Drosophila researchers, and so it is rewarding for students to help solve one
of the oldest mysteries in genetics. Dean is also continuing his research using Drosophila as a model to study the
genetics underlying epilepsy. This summer, with thanks
to funding from Williams College, Dean and his students
Alvin Pacheco-Omaña '21 and Breelyn Karno '20 are at
Cornell University in the lab of David Deitcher, Associate Professor of Neurobiology and Behavior, working
to understand the dietary and signal transduction factors
that affect seizure sensitivity in flies.
Professor Joan Edwards was on leave for the 2018-19
academic year and focused primarily on research. She
spent June and part of July on Isle Royale where she continued long-term studies of arctic plants on Isle Royale
and also did a second field season filming insect visitors
to twenty-four species of flowers at two different sites
on Edwards Island. She was assisted by Patrick Zhuang
’21. This study tests for differences in visitors over short
distances (~300m). When compared to the data from
2017 these data will also be used to test for temporal
variation in floral visitors. Our initial studies both on Isle
Royale and in Williamstown show spatial heterogeneity
in flower visitors among sites and support a neighborhood model of pollination where insect forage in their
home ranges for nectar and pollen and flowers draw on
insects in their neighborhood as couriers of pollen.
Professor Edwards gave an invited talk at the annual
meeting of the Society for Integrative and Comparative
Biology in Tampa, Florida in January 2019. Her talk
entitled, “The Role of Water in Effecting Rapid Movements in Plants” was part of a symposium on “Playing
With Power: Mechanisms of Energy Flow in Organismal Movement”. She also gave an invited talk at the
NASA’s Goddard Space Center in Greenbelt, Maryland
as part of their Wednesday afternoon colloquium series.
The talk was entitled “Botanical Explosions: The Evolutionary Impact of Ultra-fast Plants”. This spring she
gave a field talk at Hopkins Memorial Forest on spring
blooming flowers. The Field talk was attended by ~30
people who learned about the diversity of the spring flo30

ra and by examining the different way that flowers work
Assistant Professor David Loehlin and students continued research into evolution and genetic mechanisms of
how genes are expressed. We published a high-profile
paper in PNAS on how natural selection changes genes
titled A major role for noncoding regulatory mutations
in the evolution of enzyme activity student coauthor Jesse Ames ‘19 contributed to the paper. This paper helps
to modernize the classical protein-focused paradigm
of molecular evolution and biochemistry and put it in
the context of the whole genome and the organism by
finding that adaptive mutations in a protein sequence
are accompanied by many more regulatory mutations
in non-coding DNA. The lab continues to research an
exciting problem: why genes that are duplicated in tandem produce more gene product than would be expected
from just doubling the single-copy expression level. We
know basically nothing about how this happens, and it
is thrilling to break ground in a new area of genetics.
Three thesis students contributed to this project: Jeremiah Kim ‘18, Kyung Shin Kang ‘19, and Hafidh Hassan ‘20, along with contributions from George Yacoub
‘20 and Caleigh Paster ‘20. On top of all that, Professor
Loehlin gave an invited seminar at University of Rochester and presented a new genetic engineering technique
(co-developed with George and Hafidh) at the Annual
Drosophila Research Conference in Dallas, TX.
During the year Professor Claire Ting and her students
continued pursuing their research on photosynthesis
in the ecologically important marine cyanobacterium,
Prochlorococcus. This blue-green bacterium is one of
the most abundant photosynthetic organisms on the
planet and is an important carbon sink. Research in the
Ting laboratory aims to establish how differences at the
genomic level translate into physiological advantages in
photosynthetic capacity and in tolerance to environmental stress. The striking dissimilarities her laboratory has
discovered in photosynthesis and stress response genes,
as well as in photosynthetic performance and cellular
architecture, suggest the evolution of distinct physiological strategies in response to selective pressures in the
open oceans. Her group has also conducted field work in
the Sargasso Sea, which is an open ocean region where
Prochlorococcus thrives.
Undergraduate students who participated in research in
the Ting laboratory this past year included Darcie Caldwell ’19 and Haelynn Gim ‘19, both of whom completed
honors theses. With the goal of understanding the evolution of niche differentiation within the Prochlorococcus lineage, Darcie and Haelynn characterized the ef-

fects of key environmental factors on strains belonging
to different clades within the Prochlorococcus lineage.
Using flow cytometry to measure changes in cell densities and chlorophyll fluorescence characteristics, Darcie
and Haelynn demonstrated that strains have the capacity
to acclimate rapidly to both decreases and increases in
irradiance levels. However, differences in cell densities
following shifts to low irradiance levels suggest that certain strains are able to acclimate more effectively. Their
results also indicate that acclimation to low irradiance
levels is characterized by the adoption of a high chlorophyll fluorescence state, suggesting the synthesis of
chlorophyll pigments and/or a decreased dissipation of
excited state energy as heat. Their data have direct implications for Prochlorococcus cells in the open oceans,
where mixing events within the water column can expose bacterioplankton cells to large fluctuations in photon flux densities.
In addition, Kiersten Campbell ’21 and Veronica Kovalcik ’19 joined the Ting laboratory as research assistants during the academic year. Both Kiersten and Nica
worked on the laboratory’s comparative genomic and
metagenomic projects that involve Prochlorococcus, as
well as other cyanobacteria and marine bacterioplankton. With her strong interest in both biology and computer science, Kiersten focused on characterizing and
comparing core and flexible genomes and in developing
genomic databases for future metagenomic analyses.
Using metagenomic data the Ting laboratory has collected from the Sargasso Sea, Nica focused on characterizing specific members of the open ocean bacterioplankton community.

Professor Ting taught Integrative Plant Biology: Fundamentals and New Frontiers (BIOL 308) in the fall semester. In this course students used an integrative approach
to understand the mechanisms by which plants grow,
develop and respond to their environment. Through
laboratories and special projects, students explored the
strategies plants have evolved to survive in vastly different habitats on Earth, as well as recent advances in using
plants as an energy resource, in biomedicine, and in agriculture. In the spring, she taught a capstone course on
Life at Extremes: Molecular Mechanisms (BIOL 414),
which explored the physiological and molecular survival kits organisms have evolved that permit them to acclimate to environmental stresses and to thrive in extreme
environments, such as the deep sea.
Professor Heather Williams taught both the Neuroscience core course and the capstone senior seminar in the
fall, as well as Biology 102 in the spring. She continued
her research on the syntactic organization cultural evolution of bird song, publishing three papers, including
one on regional population markers with Clint Robins
‘11 and another on how house finches change their song
syntax in specific social contexts with Ivy Ciaburri ’17.
She also presented work done with Anna Ryba ‘16 and
Andrew Scharf ‘18 on the cultural evolution of Savannah sparrow song at two conferences.
Finally, this year former Biology Department Professor
Wendy Raymond, who taught at Williams from 1994 to
2013, was named the 16th President of Haverford College.

Known Post-Graduate Plans of Biology Majors
Name
Jesse R Ames
Mikhayla L. Armstrong
Olivia K. Barnill
Francesca M. Barradale
Thomas L. Benz
Jake Bingaman
Zachary M. Brand
Emily D. Burch

Plans
Laboratory Researcher, Rutgers University Center for Advanced Biotechnology and
Medicine
Boston Children's Hospital as a clinical research assistant in the ophthalmology department
Research Assistant in the McEwen Lab of Neuroendocrinology at Rockefeller University in New York
Ph.D. in Structural Biology, Harvard University
Research Technician, Memorial Sloan Kettering Cancer Center, New York, NY
Associate, EY-Parthenon
Associate Consultant at Bain & Company in Boston, MA
Interning/writing for the NebraskaLand Magazine run by Parks and Game, based out
of Lincoln, NE
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Darcie J. Caldwell
Jovana Calvillo
Cordelia C. Chan
Dana H. Chung

Policy Intern with the National Rural Health Association in Washington, D.C.
Undecided
Columbia University College of Dental Medicine (DDS)
Associate at Berkeley Research Group in the Healthcare Analytics Practice in Boston,
MA.
Erin M. Cohn
Working as a Neuroscience Research Technician at Weill Cornell in the Ryan Lab
William C. Doyle
After a gap year in Italy, I’ll be looking for a lab position for a couple of years before
applying to graduate school programs to study infectious diseases.
Madison M. Feeney
Undecided
Haelynn Gim
Research assistant in a neuroimaging lab that studies schizophrenia and psychosis.
So... Research Assistant, Stanford School of Medicine, Palo Alto, CA.
Keshav P. Goel
MSc in Immunology and Global Health at Maynooth University in Dublic, Ireland as
a George J. Mitchell Scholar
Anna L. Goldelman
Quality Assurance Analyst, Epic Systems, Verona, WI
Louisa B. Goss
Research Technician in the Bass Lab in the department of Medical Oncology at Dana-Farber Cancer Institute
Melanie I. Graciani
Undecided
Alexandra J. Griffin
Research fellow, agroecology and perennial oilseeds programs, The Land Institute,
Salina, KS
Maia T. Hare
Lab technician at Weill Cornell Medicine in NYC
Chen-Yi Hung
PhD. in Geochemistry/Geobiology, University of California-Riverside
Quenton W. Hurst
Undecided
Sonya M. Jampel
Avodah Service Corps: Patient Advocate, Community of Hope, DC
Jillian T. Jenkin
Undecided
Jacob C. Kahrs
M.P.H. In Epidemiology, UNC Chapel Hill
Kyung Shin Kang
Undecided
Caroline E. Kessler
Software Engineer, Commure, Boston, MA
Se Rin (Julie) Kim
Research Assistant, Carter Lab, Williams College, Williamstown, MA; Applying to
Veterinary School, DVM
Veronica I. Kovalcik
Research Technician in the Ebert lab at Dana Farber Cancer Research Institute
Alexandra B. Krstic
Undecided
Tucker J. Lemos
Personal growth
Matthew G. Lennon
Undecided
Patricia R. Lozano
Research Technician, Brigham and Women's Hospital, Boston, MA
Sophie D. Lu
Research Technician at Dana Farber Cancer Institute, Boston, MA
Sehwheat K. Manna
Undecided
Grace I. Merriman
University of PA Premed Post-Bacclaureate program
Nebiyou Y. Metaferia
Undecided
Rodsy Modhurima
Undecided
Shahzad Mumtaz
Dental school
Mackenzie J. Murphy
DDS at University of the Pacific Arthur A. Dugoni School of Dentistry
Esmeralda Navarro
Undecided
Tyma Nimri
Investment Banking Analyst, Deloitte Corporate Finance
Kenechukwu A. Odenig- Research assistant in a neurobiology lab focusing on blinding diseases in humans
bo
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Melani G. Ortega
Chanel G. Powell
Rachel B. Retica
Alia F. Richardson
Emma L. Rogowski
Shauna J. Sullivan
Christine E. Tanna
Benjamin W. Wipper

Attending James Cook University in Queensland Australia for a Bachelor of Veterinary
Science (Honours)
Undecided
Undecided
Teach for America as a high school Biology teacher in New York City at the Bronx
School for Law Government and Justice
Post-Bachelor Fellow at the Institute for Health Metrics and Evaluation which is at the
University of Washington in Seattle
Undecided
Community Health Fellow, Project Horseshoe Farm, Greensboro, AL
Clinical Research Coordinator, Massachusetts General Hospital, Boston, MA

Biology Colloquia
Joseph Bergen, UMass Amherst
"Dynamic neural representations of social behavior"
Dan Bolnick ’96, University of Connecticut
"Why genetic variation persists within populations, and why we should care"
Patricia Brennan, Mt. Holyoke College
"Genital coevolution in vertebrates: Sexual conflict as a driver?"
Matt Carter, Assistant Professor of Biology
"Strategies for designing and delivering a scientific presentation"
Lila M. Gierasch, UMass Amherst
"Dissecting a Multifunctional Allosteric Molecular Machine: the Hsp70 Chaperone"
Jose Noguera, University of Vigo (Spain)
"Environmental Effects That Shape Individual Life Histories from Conception to Death"
Tannishtha Reya ’91, UC San Diego
"Stem Cell Signals in Cancer Heterogeneity and Therapy Resistance"
Tarjinder Singh ’12, Harvard Medical School
"The promise of human genetics in uncovering the biological mechanisms underlying neurodevelopmental
disorders and mental illnesses"
Sara Wasserman, Wellesley College
"State-dependent decision making in flying fruit flies"
Byron Weckworth, Panthera, Director Snow Leopard Program
"Conservation in practice: from academics to grass roots"
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Off-Campus Biology Colloquia
Lois Banta, with Janis Bravo, Ruby Froom ‘17, and Rebecca Gorelov ‘18
"Abscisic Acid-Mediated Signaling is a Nexus of Host Modulation by the A. tumefaciens Type VI Secretion
System"
Joint 2nd European Agrobacterium meeting/39th Crown Gall Conference, Ghent, Belgium
Ron Bassar
Plenary address
Evolutionary Demography Society. Coral Gables, Florida. January 2019
"The evolution of species coexistence"
Woods Hole Oceanographic Institute, MA, July 2019
Department of Zoology, University of Oxford, United Kingdom, May 2019
David Loehlin
"Evolution of More: 1. Noncoding regulatory mutations drive enzyme activity evolution. 2. Tandem duplicate
gene expression is greater than the sum of its parts"
Invited seminar at University of Rochester, August 31, 2019
Heather Williams
"Cultural selection on Savannah sparrow song"
Song Bird Meeting, The Rockefeller University, October 2019.
"Cultural Evolution in the Songs of Savannah Sparrows"
Conference: The Transmission of Songs in Birds, Humans, and Other Animals. Columbia University, February
2019.
Joan Edwards
"The Role of Water in Effecting Rapid Movements in Plants"
Symposium on “Playing With Power: Mechanisms of Energy Flow in Organismal Movement” at the Annual
meeting of the Society for Integrative and Comparative Biology, Tampa, Florida, January 2019.
"Botanical Explosions: The Evolutionary Impact of Ultra-fast Plants"
NASA/Goddard Space Flight Center, Greenbelt, Maryland, 3 April 2019.
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Chemistry Department
2018-19 has been a year of many changes in the Chemistry Department! We were sad to see Professors Anthony Carrasquillo, Jimmy Blair and Brooke Blair all
leave for greener pastures. Jimmy and Brooke moved
to Cambridge, MA, where Jimmy has begun work with
a biotech start-up company (Jnana) in Cambridge, MA.
Anthony left for the West Coast, where he will begin a
position as an assistant professor of Chemistry at Reed
College. In addition, Penelope Sage, a technical assistant in our department also left for Furman University
in Greenville, SC. We will miss them all, but thank them
for their years as part of our community and wish them
all the best.
With these departures, come opportunities for new hires.
Professor Bob Rawle a new biochemist joined our department in the summer of 2018, as did our new technical assistant, Lindsay Cappuccio. Two new Assitant
Professors also joind the department in summer of 2019:
Ben Thuronyi and Amanda Turek. Also this summer we
welcomed our new lab instructor, Jen Rosenthal.
In addition to new faces, we have been adapting to a new
physical space. The new South Science Building opened
in the late spring of 2018 and was occupied for the first

full academic year (2018-19). Roughly half our department now has offices and labs in the new facility, and
there is a new biochemistry teaching lab as well. Though
any new building of this complexity brings its share of
challenges, we have settled in, and are enjoying the new
spaces. The front entrance in the Thompson Chemistry
building has also been renovated to restore direct building access from the quad and to better showcase our majors and events taking place in the sciences.
Professor Lee Park agreed to serve as chair of the department for the year upon her return from administrative work, and Sarah Goh will begin as department
chair beginning in the Fall of 2019. We’ve spent a good
amount of time thinking about some big picture departmental questions, relating to the structure of our chemistry curriculum, and our approached to our classroom and
laboratory work. It’s been an exciting (and daunting) set
of conversations!
In 2018-19, we had 34 graduating senior chemistry majors, with 18 completing senior theses under the guidance of faculty. We awarded a number of prizes to our
outstanding students as follows:

John Sabin Adriance prize for outstanding work throughout his
chemistry career:
James F. Skinner prize for distinguished achievement in chemistry:
Leverett Mears prize in recognition of strength in chemistry and
future in medical career:
ACS Connecticut Valley Section Award:
American Institute of Chemists Award:
ACS Division of Organic Chemistry Award:
ACS Division of Inorganic Chemistry Award:
ACS Division of Physical Chemistry Award:
ACS Division of Analytical Chemistry Award:
Warren Prizes:
CHEM 151 Freshman Achievement Award:
CHEM 153 Raymond Chang Achievement Award:
CHEM 155 Freshman Achievement Award:
Goodrich awards:

Walker Knauss ’19
Lauren Vostal ‘19
James Heinl ‘19
Luke Cai ‘19
Caroline Weinberg ‘19
Bethel Shekour ‘19
Jonathan Lee ‘20
Michael Curran ‘20
Cody Carrier ‘21
Wyndom Chace ’21 & Faris Gulamali ‘21
Lauren Menjivar ‘22
Maya Huffman ‘22
Sonya Lee ‘22
Jonathan Hall ’19, James Heinl ’19,
& Anna Ringuette ’19
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We continued to participate in the Class of 1960 Scholars Program. This year’s speakers were Professor Gonen
Ashkenasy from Ben-Gurion University of the Negev
and Jesse Kroll from MIT. As part of this program, the
students participate by attending a preliminary meeting
with a Chemistry Department faculty member to discuss
some of the research papers by the seminar speaker, attend the seminar/discussion, and then are given an opportunity for further discussion with the visiting scientist at an informal reception or dinner.

organism Streptomyces avermitilis. Independent study
student David Gorestki ’20 took a combined computational and experimental approach to examine regulatory
proteins (sigma factors) that influence antibiotic production in S. coelicolor. Selin Gumustop ’20, Grace Kromm
’20, and Kevin Zhou ’20 also contributed to lab projects
over the course of the year. In April, Gehring had an opportunity to share this work with the broader community
when she gave a seminar at the Department of Chemistry and Biochemistry at Oberlin College.

Class of 1960 Scholars in Chemistry

In other professional activities, Gehring was a member of the scientific committee and served as a session
chair for the 20th International Conference on Bacilli
and Gram-Positive Bacteria in July 2019. She was also
a reviewer for the journal Applied and Environmental
Microbiology.

Yvonne (Xiaoyong) Cui
Julie (Hyo) Ha
Justin (Ching-Hsien) Ho
Grace Kromm

Kevin LaFleche
Jonathan Lee
Ryan Rilinger

We had a busy summer in 2019 with 25 students conducting research in faculty labs; funding for these research students came from individual research grants as
well as support from the Clare Boothe Luce Undergraduate Program, J.A. Lowe III ’73 summer research fund,
the J. Hodge Markgraf ’52 Summer Research Fund, the
Wege-Markgraf Fund, and Summer Science Program
funds.
The 2019-20 academic year promises to be busy as well,
with more faculty hiring, and external review, and a continuation of conversations about a possible restructuring
of our curriculum.
Professor Amy Gehring taught in the biochemistry laboratory program in the fall semester and enjoyed a sabbatical in the spring of 2018. This gave her an opportunity to focus on ongoing research projects. She was joined
in this work by several undergraduate students.
Research in the Gehring lab seeks to define the biochemical and genetic features of antibiotic production and development in the sporulating, antibiotic-producing soil
bacterium, Streptomyces coelicolor. This species is representative of a large bacterial genus that is well known
for its biosynthesis of molecules with important applications in medicine. The research this year focused on
the post-translational modification of the antibiotic biosynthetic machinery, examining both the enzymes that
install this required modification and those that remove
it. Senior thesis student Alexia Barandiaran ’19 isolated
a S. coelicolor phosphopantetheinyl transferase and examined its activity against substrates from the undecylprodigiosin biosynthetic pathway. Senior thesis student
David Azzara ‘19 began a new project to study phosphodiesterase activity from the industrially-important
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Professor Christopher Goh taught Introductory Chemistry (CHEM 151) in the fall semester. A highlight was
the introduction of a workshop using virtual reality and
augmented reality to allow students to experience the
three-dimensional nature of molecules. Students in the
course explored the structure of small molecules and
proteins and followed some basic organic reactions using tools developed by Jonathan Leamon and his team
Kai Cash, Kelvin Tejeda, Karol Regula and Cory Campbell at the Center for Educational Technology.
In research, work is ongoing in the field of transition-metal mediated homogeneous catalysis and metal-binding polymers for environmental remediation,
with Anna Ringuette ’19, Justin Ho ’20, Astia Innes ’20,
Jonathan Lee ’20, Abraham Eafa ‘21, Angel Ibarra ’21,
Mykel Miller ’21, Juan Peticco ’21, Vanessa Quevedo
’21 and Brian Valladares ’21 all contributing to progress
and making the lab an active place. In addition to his
role in the chemistry department, Professor Goh held a
position as Faculty Fellow in the Office of Institutional Diversity and the Davis Center. In that capacity, he
worked with student groups on issues of diversity in
STEM fields. For the spring semester, Professor Goh
was on leave at Yale-NUS College in Singapore. There,
he taught an instrumental methods of analysis class and
enjoyed the delicious food offerings. Over the summer,
he directed and taught in the Summer Science Program,
now in its 32nd year.
Professor Sarah Goh’s research is focused on the design
and synthesis of block copolymers for drug delivery applications. The summer of 2018 began with a big move
to the South Science Center. After the movers deposited
all the boxes, Joseph Flores ’20, Julie Ha ’20, Dasol Lee
’21, Orville Kirkland ’20, Maria Noyes ’21, and Ingrid

Onul ’20, launched into action. They had the lab up and
running for their first sets of experiments within a week.
As a group, they looked at a variety of tunable polymer
systems and self-assembly characteristics. Luke Cai ’19
completed a calendar year thesis on pH-responsive copolymers and their DNA-binding capabilities.
Professor Goh taught the Ford lab in the fall of 2018.
This course is one of her favorites to teach, as the students grow in so many ways: their chemistry, research,
writing, and communication skills. In the spring, the
whole Goh family embarked on a sabbatical adventure
to Singapore. With her daughters Julia and Isabella attending Chatsworth International School, Professor Goh
co-taught the thesis capstone course at Yale-NUS College, at one point editing undergraduate theses from two
different institutions! The sabbatical was an excellent
time to step back and assess some of the ongoing projects in the lab, observing other teaching styles, and exchanging ideas with other professors. She traded strategies and stories with Yale-NUS professors in Chemistry,
English, Physics, and Theater, as well as other visitors
from Bowdoin, Colby, and Yale, and the Universities of
Missouri and York – a true interdisplinary learning experience.
Assistant Professor Katie Hart taught Biochemistry I
(BIOL/CHEM/BIMO 321) in the Fall and Biophysical
Chemistry (CHEM 367) in the Spring. In her brand-new
lab space in the South Science Center, she mentored two
thesis students, Emily Harris ’19 and Lauren Vostal ’19,
and one research assistant, Drew Cohen ’20. Drew will
become her thesis student in the Fall along with Ryan
Rilinger ’20, who will join the lab in August. This year,
she co-authored a paper appearing in Biophysical Journal and served as a reviewer for the journal ACS Chemical Biology.
The Hart lab studies how drug resistance evolves at the
molecular level with a particular focus on protein stability. Many forms of drug resistance depend upon a small
number of mutations that result in changes to a protein’s
amino acid sequence. By investigating how these changes affect protein structure, stability and function, we can
begin to understand how evolution works at the molecular level and leverage these insights to inform the design
and implementation of new drug treatments. Current
projects in the lab investigate drug resistant mutations in
beta-lactamase, an enzyme critical for antibiotic resistance in bacteria, and HIV protease, an enzyme targeted
by antiretroviral therapies using biophysical techniques
(circular dichroism, UV-vis and fluorescence spectroscopies) and microbiology techniques (cell growth com-

petitions, minimum inhibitory concentration measurements, screen development).
This year, Professor Lee Park returned to chair the
chemistry department after serving as Interim Dean of
Faculty in 2017-18. She taught Inorganic/Organometallic Chemistry (CHEM 335) and Instrumental Methods
of Analysis (CHEM 364) and was thrilled to be back
in the classroom after an absence of a few years while
doing administrative work and on sabbatical. She also
got her lab up and running again, with the help of her
thesis student, Caroline Weinberg ‘19, as well as Josh
Reynolds ’21. In the summer of 2019 she’ll have a full
crew of summer research students including Cody Carrier ’21, Lesly Mejia ’20, Megalan Tso ‘22, and Sonya
Nyarko’21) who will build on the work that Caroline
started on the design and synthesis of a family of fluorinated ligands to be used in driving the self-assembly of
gold nanoparticles. This work builds on work that Park
began while on sabbatical at Ewha Womens University
in Seoul, South Korea in 2016-17. In work outside the
department, she has continued to serve as an external
science advisor for Lingnan University in Hong Kong,
and has begun serving on the American Chemical Society Petroleum Research Fund Standing Panel for Materials Science. She’s also designed workshops for the
Flying Cloud Institute’s Young Women in STEM summer program.
During the 2018-19 academic year, Professor Enrique
Peacock-López taught Physical Chemistry: Quantum
Mechanics, and Kinetics (CHEM 361), a lab section of
Current Topics in Chemistry (CHEM 155), and Physical
Chemistry: Thermodynamics and Statistical Mechanics
(CHEM 366). In these courses he extended the use of
MATHEMATICA to solve problems and data analysis.
In particular, he covered the basics of probability theory, chemical modeling, and Monte Carlo simulations.
As a result of the inclusion of MATHEMATICA in the
curriculum, students were able to study the dynamic
properties of different chemical systems, which were
presented during the last week of the course. The topics
varied from temperature effects in chemical oscillations,
extensions of the so-called represilator, extensions of
the Parrondo’s paradox, and regulatory mechanism in
chemical networks.
During the academic year, Professor Peacock-López
continued his collaboration with Ben-Gurion University,
where artificial peptide networks have been synthesized
by Professor Gonen Ashkenazy’s group. In collaboration
with Nathaniel Wagner, he analyzed the smallest closed
peptide network that shows bistability. Out of this col37

laboration, two papers have been submitted for publication, one on the characterization of the bistable peptide
network, and a second on emergent phenomena in open
prebiotic environments. In parallel to his collaborative
work, Professor Peacock-López worked with two thesis
students. Ben Bui ‘19 developed a discrete mathematical model to study an Inventory Multiplier-Accelerator
Business Cycle, and Bryanna Lee ‘19 considered a reversible model of glycolysis/gluconeogenesis centered
around phosphofrutokinase-2/ bisphosphatase-2 (pfk-2/
fbpase-2).
While continuing with his research, Professor Peacock-López, Ms. Gisela Demant, Lecturer Laura Strauch
and instructors Ms. Cheryl Ryan and Ms. Sabrina Superneau-Gilman (Hoosac Valley High School: 16 students)
organized and taught Advanced Chemistry labs at Williams College. These advanced chemistry students came
five times during the year to perform some of the labs
from the Williams Advanced Chemistry Lab Program
and a newly developed synthesis of gold nanoparticles.
The latter experiment was implemented and adapted by
Strauch and Demant to include the synthesis of gold
nanoparticles using tea and to include the characterization using simple UV-vis spectroscopy, and for Particles
larger than about 25 nm using Scanning Electron Microscopy.
Finally, Peacock-López has served as reviewer for Engineering Computations, Communications in Nonlinear
Science and Numerical Simulations, Fluctuations and
Noise Letters, Physica Scripta, Nonlinear Dynamics,
and Physica A.
Assistant Professor Bob Rawle joined the Chemistry
Department in July 2018. He is a biophysical chemist
who is interested in viruses and lipid membranes and
was excited to move directly into the new South Science Center. In the fall, he taught AIDS: The disease and
search for a cure (CHEM 115), and very much enjoyed
the enthusiastic engagement of students from across
campus in this non-majors course. He also taught two
lab sections of Concepts of Chemistry (CHEM 153),
and enjoyed working with students in their first semester
of college chemistry. In the spring, Rawle taught Biochemistry I (BIOL/CHEM/BIMO 321), which was the
first time this course was offered in the spring semester.
He also taught 1 lab section of Biophysical Chemistry
(CHEM 367). Together, these 2 teaching opportunities
gave Rawle an excellent opportunity to engage with the
enthusiastic and inquisitive upper-class science majors
at Williams.
After establishing and setting up his research laborato38

ry in the South Science Center, he launched into his research efforts. His research is focused on two principal
areas in the general field of the biophysics of lipid membranes: Firstly, he is interested in molecular events at the
heart of the initial stages of infection of membrane-enveloped viruses – binding of the virus to the host cell
membrane and fusion of the viral membrane with the
host cell membrane. Secondly, he is developing and applying methodologies to make bioanalytical measurements of model lipid membranes, which are commonly
used in basic science, drug delivery, and drug formulation applications.
Prior to his arrival at Williams, Rawle studied Zika virus
and influenza virus. Most recently, his work on Zika virus was accepted for publication in ACS Central Science
in the fall. Here at Williams, he will be initially focusing
on studying Sendai virus, which is a mouse virus in the
same family as parainfluenza and measles.
He was excited to begin developing his research program
at Williams with five students. Thesis students Lauren
Gunasti ’19 and Dragan Vujovic ’19 worked to develop
fluorescence microscopy assays to study the binding and
fusion of individual Sendai viruses inside microfluidic
devices. They were supported in their research efforts by
Amy Lam ’22 and Juan Peticco ’21. Work-study student
Fernando Villegas ’21 began to develop the protocols to
make bioanalytical measurements of model lipid membranes, using high performance liquid chromatography, coupled to an evaporative light scattering detector.
Chemistry instrumentation specialist Nate Cook and instrumentation engineer Jason Mativi were instrumental
in helping get the machine up and running.
In February, Professor Rawle attended the 63rd Annual
Biophysical Society Meeting in Baltimore, MD, where
his research on the effects of fluorescent dyes on the
measurement of viral fusion was presented. He also presented an overview of his past research on Zika virus
during a Tuesday Science lunch colloquium at Williams
in March.
Professor David Richardson had a very busy teaching
year during 2018-19. During the fall semester he taught
Organic Chemistry, Intermediate Level (CHEM 251)
with a lab section, and in the spring he taught Advanced
Organic Chemistry (CHEM 342) including the lab section to 12 students. He also taught a lab section of Organic Chemistry, Introductory Level (CHEM 156). In
addition, he covered the final 3 weeks of the classroom
program for CHEM 156 in the spring. During the Winter Study Period, he taught Introduction to Research in
Environmental Chemistry (CHEM 022).

Together with Professor Jay Thoman he supervised the
senior honors thesis research of two students: James
Rasmussen ’19, who focused on the stereochemical
outcome of a zinc-based method for the deuteration of
iodine-containing organic substrates, and Neena Patel
’19, who studied the distribution of the emerging pollutant, PFOA, in the North Bennington environment. He
and Jay also supervised the research efforts of Jill Jenkin ’19, in CHEM 497, 498 during the fall and spring
semesters. Jill partnered with Neena, and she worked
on the development of methods for the measurement
trace-levels of PFOA in water samples, also from North
Bennington. In a new research collaboration with Professor Tom Smith he supervised senior honors thesis
research of Bethel Shekour ’19, who opened a project
with the Development of New Drugs Initiative (DNDi)
directed at the synthesis of new lead compounds for the
treatment of leishmaniasis.
In July, he taught the Chemistry lab portion of the Williams College Summer Science Program for traditionally underrepresented groups in the sciences and, together
with Professor Chip Lovett, he hosted the Department’s
Summer Science Camp program for local 4th and 5th
graders.
Professor Thomas Smith spent his twenty-first year at
Williams on a long-overdue sabbatical leave. Among
other activities, he moved into a beautiful new laboratory and office in the South Science Building and welcomed two new senior thesis students to his research
program in organic synthesis and methods development.
Walker Knauss ’19, continued Smith’s grant-supported
work in the area of Asymmetric Methods for the Synthesis of Pyran-Based Anticancer Natural Products. Walker
demonstrated the viability of a key step in the ongoing
synthesis of the marine natural product, enigmazole A.
Bethel Shekour ’19, began work on a new project co-directed by Professor David Richardson. She became the
first student from Williams to collaborate with the Drugs
for Neglected Diseases Initiative (DNDi), an international non-profit organization. Bethel prepared a series
of pre-identified analogs based upon a lead compound
shown to have activity against Leishmaniasis, a tropical
parasitic disease that has about 1 million new cases per
year.
Professor Smith also taught a portion of Introductory
Organic Chemistry (CHEM 156) when the Department
found itself in a staffing crunch this spring. To complete

his sabbatical year in splendid fashion, he spent two
weeks walking the 192-mile Coast-to-Coast Path across
England from St. Bees to Robin Hood’s Bay.
In the fall semester, Professor Jay Thoman stepped in
to teach CHEM 153 Concepts of Chemistry and one of
its lab sections. In the spring semester, he taught Advanced Chemical Concepts (CHEM 256), and the lead
lab section. During the winter study period, he offered
Glass and Glassblowing (CHEM/ARTS 016). In preparation for future offerings, he enjoyed trips to artist Josh
Simpson's studio and the Corning Museum of Glass.
During summer 2018 and continuing throughout the
year, Thoman engaged in two research projects in collaboration with Professor Dave Richardson, one analysis and one synthesis. In an environmental analytical
chemistry project, Eugene Kim '20 and Jill Jenkin '19
worked during summer 2018 to refine local methods for
analysis of the pollutant PFOA (perfluorooctanoic acid)
in water, soil, and vegetables. Jenkin continued this
work as part of an independent study project during the
2018-19 academic year. She was joined by thesis student
Neena Patel '19, who had also previously worked on the
PFOA project. Jenkin and Patel developed protocols for
collecting environmental samples from home gardens
in Bennington, VT, an area known to have been contaminated with PFOA. They confirmed the presence of
PFOA in selected samples, but also confirmed that water
treatment methods were effective in removing PFOA.
During January 2019, Kevin LaFleche '20 and Huijun
Huang '21 joined the research team, and analyzed PFOA
and soil particle size distributions.
The synthesis project built on the thesis work on Jonathan Meng '18 in attempting to identify the stereochemical outcome of a zinc-mediated deuteration of iodo-substituted compounds. Maria Heredia '20 and Katie
Mahoney '20 started during summer 2018, and James
Rasumussen '19 picked up the project for his thesis work
during the academic year. The three made good progress
in synthesizing "trans" version of an iodotetralin, for
comparison with the "cis" version made by Meng.
As College Marshal, Thoman co-chaired the honorary
degrees advisory committee and helped to plan Convocation, Commencement, and the induction of Maud S.
Mandel as the 18th President of Williams College. In
service to the larger chemistry community, he continued
work with Educational Testing Services.
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Post-Graduate Plans of Chemistry Majors
Gregory Andreou
David Azzara
Alexia Barandiaran
Benjamin Bui
Luke Cai
Gibson Donnan
Sean Dory
Anna Fitch
Lauren Gunasti
Jonathan Hall
Emily Harris
James Heinl
Sung Kang
Walker Knauss
Bryanna Lee
Mei Liang
Si Lon Hou
Sarah McLaughlin
Oscar Merino
Magnolia Murphy
Eva Orozco
Neena Patel
Jeffrey Pullano
James Rasmussen
Anna Ringuette
Karsten Salveson
Bethel Shekour
Josemaria Silvestrini
Stockton Troyer
Lauren Vostal
Dragan Vujovic
Caroline Weinberg
Alison Wong
Adam Zoen
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Unknown
Unknkown
Lab Tech at The Jacks Lab, Koch Institute, MIT
Urban Teachers, then graduate school
Research Associate, Schreiber Lab, Broad Institute
Unknown
Teaching science at Lawrenceville Academy, MS in Education, UPenn
Working at Clarion, then to medical school
Research Technician, Dana Farber Cancer Institute
Fulbright Fellow in Germany, then Ph.D. in Chemistry, University of MI
Master program in neuroscience
Rhode Island Hospital, then to medical school
Medical School
Ph.D. in Chemistry, Massachusetts Institute of Technology
Research Assistant at UCLA then med school
Research on brain tumors at Dana Farber Cancer Institute
Unknown
M.S in Narrative Medicine, Columbia University, then to medical school
Unknown
Teach For America, Twin Cities 2019 Corps
Unknown
Rheumatology Research Lab
D.M.D., Tufts University School of Dental Medicine
Working in marketing/entertainment
Research Assistant, Vanderbilt Center for Neuroscience Drug Discovery, Nashville, TN.
Chemical Engineer, Metronom Health, Laguna Hills, CA
Ph.D. in Chemistry, Northwestern University
Unknown
Life Science Consultant, Clarion Healthcare, LLC
Ph.D. in Chemical Biology, Tri-Institutional Ph.D. Program in Chemical Biology (Rockefeller University, Memorial Sloan Kettering, and Weill Cornell Medicine)
Neurology Research at UPenn
Industrical Economics/Environmental Consulting, Boston
Research Technician, MGH/Martinos Center, then medical school
Analyst, Cornerstone Research, New York, NY

Chemistry Colloquia
Professor Gonen Ashkenasy, Ben-Gurion University of the Negev, Class of 1960 Scholars
"Self-Synthesizing Peptide-based Materials"
Professor Jesse Kroll, Massachusetts Institute of Technology
"Tracking Atmospheric Organic Carbon in the Field and in the Lab"
Lilliana Morris ’14, Cornell University
"Bimetallic Catalysis & Chain Shuttling Agents: Controlled Access to Isotactic Poly (propylene oxide)"
Professor Dan Suess ’07, Massachusetts Institute of Technology
"Organometallic Chemistry of Iron-Sulfur Clusters"
Professor Kana Takematsu, Bowdoin College
"The Challenge of Moving Protons"
Professor Ashleigh Theberge ’06, University of Washington, Charles Compton Lectureship
"Studying Cell Signaling in Complex Invronments Using Open Microfluidic Models"
Thomas H. Wintner ’93, Mintz, Levin, Cohn, Ferris, Glovsky, and Popeo, PC
"Litigating the Life Sciences: How Chemistry Meets Patent Law in the Courtroom"

Off-Campus Chemistry Colloquia
Sarah Goh, Dylan M. Barber ’15, and Hanson Koota ’17
"Concentration-dependent Morphology – Micelles to Worms with Amphiphilic Diblock Copolymers"
Poster: ChnmSG 2019: Chemistry National Meeting, Singapore, May 2019.
Amy Gehring
"Understanding Antibiotic Production in the Soil Bacterium Streptomyces coelicolor"
Department of Chemistry, Oberlin College, April 2019

The entrance to the Thompson Chemistry building received a makeover this year including new steps and
railings and cleaning and resetting of the facade. It was
re-opened to allow access directly to the building (rather
than going through the Eco-Cafe). The entrance hallway
also got a makeover with a new paint job.
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Computer Science Department
Student interest in computer science continued to soar
in 2018-19 with 45 graduating seniors, 70 junior majors,
and 60 newly declared sophomore majors. Thankfully,
the department had a successful hiring season. We will
be welcoming Sam McCauley and Shikha Singh (both
from Stony Brook), Kelly Shaw (Stanford), and Aaron
Williams (Univ of Victoria) as new faculty this fall. We
look forward to the new ideas and course offerings they
will provide.

Several members of the department attended the ACM
Richard Tapia Celebration of Diversity this year, including Grace Mazzarella ’19, Shanti Hossain ’19, Quan
Do ’19, Jonathan Carrasco-Noriega ’20, and faculty
member Dan Barowy. In October, Victoria Liu ’21, Lily
Shao ’20, Casey Pelz ’19, Linda Zeng ’19, Abby Miller
’19, and Nambi Williams ’19 joined Professors Jeannie
Albrecht and Andrea Danyluk at the Grace Hopper Celebration of Women in Computing in Houston, TX.

In the spring, the department hosted James Mickens of
Harvard University as a Class of 60s speaker. Dr. Mickens is a highly cited researcher with publications spanning systems disciplines from computer security to programming languages. He presented a highly engaging
and entertaining talk about cryptocurrency abstractions
and smart contracts, and specifically why blockchains
are not the best storage technology for all applications.
The department also sponsored events and talks from
PillPack, Facebook, and Microsoft that featured Derrick Bonafilia ‘17, Yitong Tseo ‘17, Sam Blackshear ’10,
Mary Imevbore ’18, Noah Grumman ’16, and Rich Ward
’89. Danny Huang ’11 (PhD UCSD) also spoke about
his experiences with tracking bitcoins in criminal operations.

The Computer Science Student Advisory Council (CoSSAC) continued its successful Monday night snacks and
the Under-Represented Identities in Computer Science
(UnICS) group continued to expand its programming by
organizing meals with faculty once again.

Class of 1960 Scholars in Computer Science
David Ariyibi
Grace Mazzarella
Ari Ball-Burack
Nebiyou Metaferia
Taylor Beebe
Abby Miller
Katherine Blake
David Morse
Matt Bock
Grace Murray
Kiersten Campbell
Matt Newman
Miranda Chaiken
Anjali Pai
Quan Do
Shivam Patel
Keanu Hilailre
Casey Pelz
Shanti Hossain
Dzung Pham
Minwoo (Josh) Kang
Anthony Simpson
Jamie Kasulis
Haoyu Sheng
Julia Kawano
Adly Templeton
Lester Lee
Julia Tucher
Karmen Liang
Nambi Williams
Chrispine Lwekwaza
Tiffany Zheng
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This year Professor Jeannie Albrecht continued to investigate techniques for using computing to decrease
the energy impact of society. She primarily focused on
challenges related to the Class of 1966 Environmental
Center on campus. The building is striving to satisfy
the Living Building Challenge (http://living-future.org/
lbc), which requires the building to be net zero for both
energy and water usage over a 12-month period. If successful, this building will be the first historical building
to achieve LBC certification. So far it has achieved 6
out of 7 requirements had been met. The remaining unmet requirement is net zero energy usage. The building
poses some unique challenges due to its intended use:
it consists of classrooms, faculty and staff offices, and a
public kitchen. The kitchen is a point of concern regarding energy usage; it contains commercial-grade appliances—including a powerful range hood—that consume
significant quantities of electricity when in use. If occupants do not make energy efficient decisions while using
the kitchen, the building could go over its energy budget
for the year.
To address these challenges, Albrecht continued working with several students, including Casey Pelz ’19,
Abby Miller ’19 and Grace Murray ’20 on a system for
monitoring and visualizing energy usage in the Environmental Center, focusing specifically on the kitchen.
They developed several prototype visualizations and
an online simulator that display both power and energy
usage for kitchen appliances in an intuitive and aesthetically pleasing way. They conducted user studies in the
kitchen and online using Amazon’s Mechanical Turk
platform to measure the effectiveness of the visualization, and obtained very promising results. Albrecht plans

to fully deploy the system in the building in the upcoming months, and hopefully publish the results.
Professor Duane Bailey continued his research into reflective processor design and his passion for teaching
introductory courses in hardware and software. Much
of the year was spent co-teaching with colleague Iris
Howley with a focus on developing resources and infrastructure for teaching introductory computer science
in Python.
In January, Professor Bailey worked with two students:
Daniel Yu ’20, on computer architecture, and Dzung
Pham ’20 on video analysis. Yu, who has worked with
Bailey for several years began a project to investigate
integrating reflective reconfiguration into open source
processors. Their work in January was preparatory for
Yu’s thesis work this coming year. Bailey worked with
Pham to build competitive AI software using Google’s
Tensor Flow system to recognize injury-related falls in
coarse-grained video. Pham, who’s interests bridge the
gap between statistics and computer science co-won a
Ward Prize for his exceptional work and research presentation.
Bailey also recognized Pham and Quan Do ’19 for the
exceptional performance of their Computer Organization (CSCI 237) project. Their submission proved to be
the fastest submission (and longest at 400,000 lines of
code!) in the decade-long project to build efficient virtual processors. Bailey is working with alum Michael
Gnozzio ’17 to bring projects like these to Groton School
over the next year or two.
This summer Bailey is also joining together with Chrispine Lwekaza ’21 to build cloud-based resources for
younger students to learn how to program with minimal
hardware. The system makes use of The Ambrosia Modeling System, developed by Bailey for The Art &amp;
Science of Computer Graphics (CSCI 109), a virtual
modeling course Bailey has taught for almost two decades. This work would make this addictive classroom
software available to anyone, free, and without the need
for dedicated computer resources.
Bailey, who is on sabbatical this coming year, is laying
out a multi-year research project to build reconfigurable
processors who, after reflecting on recent usage statistics choose between soft and hard implementations of
specialized cores to reduce power utilization. Because
further increases in processor performance do not seem
feasible even when confronted with larger pools of transistors, processor architects look to use those resources
to reduce system power. The approach makes use of a

hardware that can logically reconfigure itself on demand, called field programmable gate arrays, or FPGAs.
Yu and Bailey join forces with Minwoo “Josh” Kang
’20 this summer to develop new workflows to support a
diversity of researchers as they investigate the potential
of these interesting systems.
In the Fall, Bailey gave a faculty science talk Novel
Hardware for Bitcoin Mining, a celebration of work
he and his Modern Architecture & VLSI Design (CSCI
337)students did during the Spring of 2018 to develop an
application-specific circuit to quickly digest messages
with SHA 2. The algorithm, which is central to Bitcoin
mining, is also important for a while variety of security tools. The development of special purpose hardware
is seen as necessary to improve hashing performance in
these tasks.
Bailey continues his role as one of two national readers
in computer science for the Goldwater Foundation, the
group that oversees the congressionally mandated selection of Goldwater Scholars. Winners represent the top
250 undergraduate scientists in the country.
This past summer, Assistant Professor Daniel Barowy
worked with Williams students Kiersten Campbell ’21,
Emmie Hine ’20, and Alex Taylor ’20 to develop an introductory programming environment for middle-school
students. SWELL (Swell Williams Entry-Level Language) is a novel, web-based programming language
and coding environment that uses a technology called
prodirect manipulation (PDM). PDM allows students
to manipulate—literally by clicking and dragging—
program outputs so that they can see the effect on the
program; this affordance is hypothesized to facilitate
learning abstract programming concepts. Barowy also
collaborated with grad student Pavel Pancheka (University of Washington), researcher Benjamin Zorn (Microsoft Research), and Prof. Emery Berger (UMass Amherst) on evaluating the floating-point stability of typical
Excel spreadsheet programs found in the wild.
In November, Barowy presented his work, ExceLint:
Automatically Finding Spreadsheet Errors at the OOPLSA 2018 conference in Boston, MA. Barowy also
prepared ExceLint to be shown at Microsoft’s TechFest,
where the software was demonstrated to Bill Gates,
Satya Nadella (current CEO), Butler Lampson (Turing
Award winner), and Leslie Lamport (Turing Award winner) and was positively received. Barowy’s collaborators at Microsoft are currently working with the Excel
product group on commercializing the technology. Also
in November, Barowy served on the program committee
for crowdsourcing track of The Web Conference 2019.
43

In the fall, Barowy taught Principles of Programming
(CSCI 334), and in the spring, he taught Data Structures
and Advanced Programming (CSCI 136) for the first
time. He also advised several independent study students
during the year. Quan Do ’19 developed an introductory
CS curriculum for 5th and 6th grade students that uses
PDM. Lily Shao ‘20 developed an algorithm for determining the root cause of parse errors for combinator
parsers. Both Quan’s and Lily’s work was incorporated into the SWELL project. Michael Wong ’19, William
Fung ’19, and Kyung Taek David Lee ’19 investigated
automated plagiarism detectors for code (co-advised
with Prof. Bill Jannen). Jian Lu ’19 and Yuxin Wu ’19
explored autograder technology, ultimately developing
a novel set of autograder programs for the CS department’s CSCI 136 course.
During the winter, Barowy ran a large-scale user study
for the SWELL project with the help of the Center for
Learning in Action (CLiA) in area schools (Williamstown, Pownal, Greylock, and Brayton elementary
schools). The study, which ran in conjunction with WSP
CSCI 11, trained Williams students as Hour of Code
workshop facilitators who were then deployed into the
field to teach computer science to 5th and 6th grade students. SWELL was used as the course software. The
study showed that, surprisingly, prodirect manipulation
does not appear to have a marked effect on important
learning outcomes for Hour of Code lessons. Research
assistants Quan Do, Kiersten Campbell, and Dzung
Pham ’20 were instrumental in facilitating the study,
and Barowy plans to submit the results to the SPASH-E
workshop in July. Julia Tucher ’21 and Dzung Pham
also assisted throughout the spring to prepare SWELL
for public release.
This summer, Barowy will be working with Prof. Jeannie Albrecht and students Peter Zhao ’21 and Vy Nguyen ’21 on an interactive tutoring system for SWELL.
Barowy also plans to continue his longtime collaboration with Professor Emery Berger at UMass Amherst
with students Max Stein ’21 and Karmen Liang ’21 on
developing better methods for solving difficult computational problems using crowdsourcing. Finally, Barowy
will work with Professor Charlie Curtsinger and his students at Grinnell College on methods to automate software build systems.
Professor Andrea Danyluk was on leave from Williams
for the year. She spent this time at Northeastern University, working as the academic director of a Master’s
program in Computer Science for students who did not
major in Computer Science as undergraduates. This
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project was of interest to her because of the opportunity
to develop curriculum and student programs, but also
because of the diversity and inclusion emphasis of the
project.
Danyluk continues her work in the computer and data
science education sphere more broadly. She is co-chair
of the Association for Computing Machinery (ACM)
Task Force on Data Science. This international effort is
developing recommendations for the computing-based
competencies that should be part of an undergraduate
degree in Data Science. A first draft of the curricular recommendations was released this year, and the steering
committee is in the process of expanding it for a second-draft release.
Danyluk is also on the Advisory Committee for the International Data Science in Schools Project, a collaboration of major statistical societies from around the globe.
This effort is aimed at developing curriculum for students in their final two years of high school, as well as
curriculum for teachers on how to teach Data Science to
students.
Danyluk continues her work as a board member of the
CRA-W, the Computing Research Association’s Committee on the Status of Women in Computing Research.
As a member of the CRA-W, her primary responsibilities
are to run undergraduate research mentoring programs.
She also speaks at mentoring programs for graduate students and early- as well as mid-career researchers. She
will soon step into the role of co-Chair.
Danyluk looks forward to returning to Williams after her
leave, and is excited to get back into the classroom.
Prof. Stephen Freund continues to explore ways to
help programmers write more reliable and efficient multithreaded software designed to run on multicore processors. This work involves not only developing defect
detection tools but also exploring scalability-oriented
optimizations that enable programmers to more easily
design safe and efficient code for computers with many
processing cores.
Freund received an NSF grant for a project titled Synchronicity: A Framework for Synthesizing Concurrent
Software from Sequential and Cooperative Specifications. Generally speaking, a synthesis framework takes
as input a simple high-level specification of what a program should do and then automatically generates code
meeting that specification. Freund's long-term goal is to
target synthesis to the type of concurrent code that he
has previously studied in his defect detection work. Louisa Nyhus '20, one of the college's Clare Boothe Luce

scholars, worked with Freund last summer laying the
groundwork for some experimental aspects of the Synchronicity project.
Freund received the "Most Influential Paper Award" at
the 2019 ACM Conference on Programming Language
and Design. This award is given to the paper published
at the conference ten years ago that has had the greatest
impact on the field. Freund's 2009 paper receiving this
recognition is titled "FastTrack: Efficient and Precise
Dynamic Race Detection". FastTrack is a tool for finding data races, a common bug in which two concurrently
running threads interfere with each other by accessing
a memory location at the same time. As the award citation notes, "FastTrack had both an immediate and a permanent impact on how dynamic data-race detection is
done... In both theory and practice, the FastTrack algorithm became the baseline against which all subsequent
dynamic data-race detectors are judged."
On the teaching side, Freund taught a new course, Software Methods (CSCI 326), last fall. He developed this
course while on sabbatical the previous year. It covers
the foundations and principles for designing and building any type of software (specification, testing, debugging, architecture, design, performance measurement
and optimization, etc.) in a way accessible to undergraduates early in their careers. This class was designed to
appeal to a wide range of students, from those planning
to enter the software industry or computer science graduate school to basically anyone working in an area that
involves solving problems computationally. To make it
feel more tangible and relevant, the class featured a large
lab component in which students built a variety of iOS
apps.
Assistant Professor Iris Howley continued research this
summer on ethics for artificial intelligence. She co-organized a workshop alongside co-organizers Darakshan
Mir and Evan Peck (Bucknell University), Michael
Stewart (James Madison University), and Janet Davis
(Whitman College) at the Association for Computing
Machinery's Special Interest Group on Computer Science Education entitled, “Make and Take an Ethics
Module: Ethics Across the CS Curriculum.” This effort
builds on a growing movement within computer science education toward integrating ethics issues throughout the entire computer science curriculum, instead of
as stand-alone, separate courses which has historically
been the norm at larger institutions. This distributed approach represents the belief that ethics should be a central perspective for developing new computer scientists,
and not a stand-alone, separate concern.

The theme of ethics and computation continues into
Howley’s research on explaining artificial intelligence
algorithms to users of algorithmic systems. Her prior
work with Young Cho ’19, Grace Mazzarella ’19, Haoyu
Sheng ’20, Kelvin Tejeda ’20, and Tongyu Zhou ’20
formed the foundation for an NSF Award for Howley’s
grant, “Understanding Learning Analytics Algorithms in
Teacher and Student Decision-Making.” Machine learning and artificial intelligence algorithms make assumptions and learn biases of which the users of the systems
may not be aware. Empowering teachers and students to
appropriately interrogate questionable output from the
educational technology they use to make decisions in
the classroom is an important contribution of this work.
This research uses methods taught in Howley’s fall semester course on Human-Computer Interaction (CSCI
376) which she will be teaching again this autumn. This
year, she also taught Introduction to Computer Science
(CSCI 134) with Duane Bailey.
Assistant Professor Bill Jannen uses modern data structures, in particular write-optimized dictionaries, to improve storage software. He is a member of the team
developing BetrFS, an in-kernel Linux file system that
performs random writes, metadata operations, and directory scans orders-of-magnitude faster than conventional
file systems.
With the BetrFS team, Jannen has continued to
study file system aging (the degeneration of file system
performance over time) in the workshop paper File System Aging: It’s more Usage than Fullness, coauthored
with colleagues from Rutgers, UNC Chapel Hill, VMware and Stony Brook. The team has also contributed
new models to evaluate external memory algorithms,
and in particular, models that help tune data structures
for different storage devices, in The Dictionary Problem, Optimal Searching, and Asymptotic Distortions of
the DAM Model, with joint work from a large number of
contributing colleagues. Finally, expanding upon work
published the previous year, Efficient Dictionary Mutations in a Full-Path-Indexed File System appeared in the
ACM Transactions on Storage Special Issue on FAST
2018 as joint work.
Jannen served on the program committee for both the
USENIX Conference on File and Storage Technologies
and the USENIX Annual Technical Conference. He also
attended a Dagstuhl Seminar, Theoretical Foundations
of Storage Systems, where he was invited to give a talk
on The Challenges and Opportunities of Next-Generation Hard Disk Drives.
At Williams, Jannen developed a new computer science
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elective on storage systems. In it, students explored the
layered design of the storage stack and the interactions
among these layers. The course focused on evaluating
system performance and design tradeoffs using different
performance models.

and established a number of algorithmic results related
to determining which graphs might admit visualizations
within the framework. An expanded version of the paper
has been submitted for publication in Theoretical Computer Science.

Professor Bill Lenhart continued pursuing his interests
in graph drawing and computational geometry, focusing
mainly on problems involving the drawing of graphs and
geometric objects in two and three dimensions subject to
various constraints.

Finally, joint work with Felice De Luca, Emilio Di Giacomo, Seok-Hee Hong, Stephen Kobourov, Giuseppe
Liotta, Henk Meijer, Alessandra Tappini and Stephen
Wismath, begun at BWGD: 2019 Bertinoro Workshop
on Graph Drawing, has been submitted to to the conference GD 2019 : 27th International Symposium on
Graph Drawing and Network Visualization, to be held
this September in Prague. The paper, entitled Packing
Trees into 1-planar Graphs, describes various methods
for decomposing (some or all) edges of a 1-planar graph
into a small number of simpler graphs.

An expanded version of joint work with co-authors
Sylvain Lazard (INRIA, France) and Giuseppe Liotta
(Università degli Studi di Perugia) presented in 2017 at
the 25th International Symposium on Graph Drawing
& Network Visualization was published in May in the
journal Theoretical Computer Science under the title On
the Edge-length Ratio of Outerplanar Graphs. The work
establishes tight bounds on the planar edge-length ratio
of outerplanar graphs.
Another long-standing project, with co-authors Sylvain Lazard and Olivier Devillers (INRIA), in which
is developed an efficient algorithm for approximating
geometric objects with high-precision coordinates in 3
dimensions by topologically similar objects with much
lower precision, has been accepted for publication (subject to revisions) in the journal Discrete and Computational Geometry.
Joint work with Timothy Randolph ’18, along with Giuseppe Liotta, Emilio Di Giacomo, and Alessandra Tappini, (all at Università degli Studi di Perugia), based in
large part on Tim’s excellent senior thesis, was presented by Tim at WALCOM 2019: The 13th International
Conference and Workshops on Algorithms and Computation, held this past February at the Indian Institute
of Technology, Guwahati, India. The paper, (k,p)-Planarity: A Relaxation of Hybrid Planarity, developed a
framework for the visualization of complex networks
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Professor Tom Murtagh continues to investigate file
system designs that are compatible with the performance characteristics of NAND memory devices. Manufacturers package NAND memory with interfaces that
imitate disk drives. This approach makes it possible to
use NAND memory with system software designed for
disks, but it cannot provide peak performance. Because
the software is fooled into viewing the NAND memory
as a disk, it makes data placement decisions optimized
for disk device rather than NAND memory. Tom has developed an approach that extends techniques used in log
structured file systems to organize the data and metadata
of a file system more efficiently on a NAND memory.
Such an organization promises to reduce both the overhead associated with space reclamation and metadata updates within the file system. During the academic year,
Tom worked with Ari Ball-Burack ’19 on the study of
ways to improve the space reclamation procedures used
in log structured file system. This summer, Tom worked
with Yo Akiyama ’20 to further evaluate the techniques
discovered through Ari’s work in both traditional and
NAND-specific log structured file systems.

Known Post-Graduate Plans of Computer Science Majors
David Ariyibi
Bryan Bailey
Ari Ball-Burack
Quan Do
Mark Hay
Julia Kawano
Caroline Kessler
Aria Kim
Grace Mazzarella
Nam Nguyen
Anjali Pai
Alexander Pankhurst
Casey Pelz
Suzanna Penikis
Thomas Ragucci
Alexander Summers
Michael Wong

Software Engineer, TripAdvisor, Boston, MA
Software Engineer, Uber
MPhil Advanced Computer Science, University of Cambridge, UK
Technical Development Program, InterSystems, Boston, MA
Software Engineer, Facebook, CA
Software Engineering Resident, Google, Mountain View, CA
Software Engineer, Commure, Boston, MA
Google, New York, NY
Software Engineer, ARRIS, Lowell, MA
Software Engineer, Microsoft, Redmond, WA
PhD in Economics at UC San Diego, CA
Software Engineer, Google, Mountain View, CA
Software Engineer, GrubHub
Software Engineer, Fidelity Investments, Boston, MA
Technology Associate, Bridgewater Associates, Westport, CT
Venture for America Fellow
Software Engineer, Apple, Cupertino, CA

Computer Science Colloquia
Rich Ward ’89, Microsoft
"Don’t Forget Division I, or Why that Liberal Arts Degree is Valuable in the Tech World", September 2018
Derrick Bonafilia ’17, Yitong Tseo ’17, Sam Blackshear ’10, and Baoxiang Yiang
"Mapping the World with Deep Learning", September 2018
Daniel Goldstein, Microsoft
"To Put That in Perspective: Generating Analogies That Make Numbers More Easily Understood by Laypeople", September 2018
Mary Imevbore ‘18 and Noah Grumman ’16, PillPack
"Engineering at a High Growth Startup", October 2018
Danny Huang’11, Princeton postdoctoral candidate
"Tracking Bitcoins in Criminal Operations", October 2018
Steve Oney, University of Michigan
"Designing Tools for More Effective Remote Communication", November 2018
Phillipa Gill, UMass Amherst
"Developing a Science of Internet Censorship Resistance: Opportunities and Challenges for Network Measurement", February 2019
Hal Daumé III, University of Maryland and Microsoft Research
"Learning Language Through Interaction", February 2019
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Cibele Feire, Wellesley College
"On the Complexity of the Resilience Problem", March 2019
James Mickens, Harvard University
"Blockchains Are a Bad Idea (More Specifically, Blockchains Are a Very Bad Idea)", March 2019
Adrian Sampson, Cornell University
"Designing Custom Hardware Accelerators with Types", April 2019
Leslie Kaelbling, MIT
"Doing for our Robots What Nature Did for Us", April 2019
Steve Lombardi, Facebook Reality Labs
"Using Machine Learning to Create Realistic Avatars for Virtual Reality", April 2019
James Lester, North Carolina State University
"Intelligent Narrative-Centered Learning Environments", April 2019

Off-Campus Computer Science Colloquia
Andrea Danyluk
National Academies and ACM Data Science Projects (with Rebecca Nugent)
Conference Board of the Mathematical Sciences, Alexandria, VA, May 2019
"Publishing Your Research"
"Balancing Graduate School and Personal Life"
CRA-W Graduate Cohort Workshop for Women, Chicago, IL, April 2019
ACM Task Force On Data Science Education: Draft Report and Opportunity for Feedback
SIGCSE 2019, Minneapolis, MN, February 2019
"Machine Learning in the Arts, Sciences, and Social Sciences"
Wellesley College, Wellesley, MA, October 2018
"Coping with Booming Class Enrollment"
Grace Hopper Celebration of Women in Computing Conference, Houston, TX, September 2018

We renovated the former research space of Lois Banta in the Thompson Biology building into a computer lab with
22 work stations. This added critially needed teaching capacity for a rapidly expanding Computer Science department. Professor Banta moved into the new South Science Building in the summer of 2018.
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Geosciences Department
The Geosciences faculty grew by one member in the
summer of 2018, our newest professor is Alice Bradley,
an engineer and climatologist who studies Arctic sea ice
and how to observe it. Alice offered two courses this year
in areas that are new to our department: Environmental
Observation (GEOS 255) and Introduction to Weather
and Climate (GEOS 100). We're excited about the classes and research opportunities in climate science Alice
brings to our curriculum. This year, the Geosciences
faculty are housed in Clark Hall and in the new South
Science Center building as we await the completion of
our new department home in the North Science Center.
Clark Hall has a front row seat to the construction site,
where the steel framework of the Geosciences wing of
the new building is now erected.
Each year several of our students attend national conferences where they give poster presentations of the
summer research they have done with faculty. Attending
the Geological Society of America annual meeting in Indianapolis last November were Jacob Cyntrybaum ’18,
Daniel Donahue ’19, Lucas Estrada ’20, Tim Nagle-McNaughton ’18, and Kate Pippenger ’20. In December,
William Downs ’19 attended the American Geophysical
Union meeting in Washington, DC and in March 2019,
Caroline Hung ’19 attended the Northeastern section
meeting of the Geological Society of America in Burlington, VT.
The Lauren Interess Fellowship award went to Erikka
Olson ’19 who spent several weeks in the summer of
2018 exploring the relationship between folklore and the
geology in the areas where the stories came from. She
gave a presentation to the Geosciences Dept. in November on “Of Legends and Lava: Exploring the Geology of
Iceland Through Folklore.”
Five seniors completed a senior honors thesis and gave
presentations of their research at our annual Senior Thesis Day on May 13. Daniel Donahue ’19 received the
Freeman Foote Prize for the best presentation of his
thesis. Erikka Olson ’19 was awarded the David Major Prize, given to the student who makes an invaluable
contribution to the Geosciences Department. She was
also awarded the American Mineralogist Undergraduate
Award from the Mineralogical Society of America, given to the top senior student in Mineralogy and Petrology.
The Geosciences department continued to participate in
the Class of 1960 scholars program this year:

Class of 1960 Scholars in Geosciences
Marshall Borrus
Christian Lockwood
Quinlan Byrne
Molly Lohss
Daniel Donahue
Aria Mason
Avery Dunn
Erikka Olson
Caroline Hung
Lecturer Alex Apotsos returned from his year-long Fulbright experience in Cape Town, South Africa. This year
he developed two new courses: The first course was a
tutorial entitled Examining Inconvenient Truths: Climate Science meets U.S. Senate Politics (GEOS 221).
This tutorial helped students develop a greater understanding of the difficulties associated with crafting
comprehensive national climate change legislation. To
this end, the tutorial addressed how the underlying scientific complexities embedded in most climate policies
must be balanced by and blended with the different operational value systems that underlie U.S. politics. The
second course he developed was a senior seminar entitled Coastal Processes and Geomorphology (GEOS
404). This course took a quantitative look at many of
the coastal processes that dominate the dynamics along
our coastlines and helped students develop and improve
their quantitative programming skills through the analysis of actual coastal data using MATLAB.
Assistant Professor Alice Bradley completed her first
year at Williams. She worked with Emily Sun ’21 on
translating community records of sea ice conditions into
numerical values for coastal ice concentration. Alice is
using this to validate a new method for detecting coastal
sea ice extent, a data product that is being prepared for
publication. Emily also contributed to the development
of a method for separating brine in sea ice from the ice
itself, which is making further investigations of isotope
fractionation in sea ice possible.
With thesis student William Downs ’19, Alice spent part
of the year investigating the effects of storm activity in
the Arctic on the timing of sea ice growth. Will spent
summer 2019 preparing his thesis results for publication.
Alice was invited to give two talks at the American Geophysical Union fall meeting on the use of community
observations for validating satellite products and on the
learning outcomes of a 2017 polar science communication workshop. She gave an additional talk in an education section on the use of the Matlab programming en49

vironment in geoscience education. She also presented
at the 2019 Arctic System Science Week conference on
community records of sea ice change.

run a pedagogy short course at the Geological Society of
America meeting in the fall of 2018, and co-organized
the Northeastern Geobiology meeting in April 2019.

Professor Bradley is serving on the Executive committee of the Arctic Observing Summit and as co-chair of
the Observation System Design and Implementation
working group. Through her work with this working
group, she has submitted an NSF proposal to investigate
the large-scale system of observations that inform Arctic
communities on issues related to the impact of climate
change on food security. She is also on the scientific
steering committee for the International Glaciological
Society 2019 Sea Ice Symposium.

Assistant Professor José Constantine finished his third
year at Williams developing his research in geomorphology and environmental justice. He advised Daniel Donahue ’19 and Monica Bousa ’19 in their senior theses.
Daniel spent the year investigating the role of vegetation
in the physical evolution of the Yuba River in California.
Key findings of his thesis include distinct non-local effects of vegetation on patterns of sedimentation as well
as indications of the controls on natural levee development. Daniel presented some of the early findings as a
talk at the annual meeting of the Geological Society of
America (GSA) in Indianapolis. Molly Lohss ’21 will be
continuing this work in the lab as a Clare Boothe Luce
scholar. Monica spent the year investigating the impacts
of recent debris flows on flood risk with Southern California rivers. Key findings of her thesis include distinct
increases in flood risk resulting from debris flows aggrading river beds as well as identifying adverse effects
of infrastructure. With Summer Solstice-Thomas ’20,
José continued his work on assessing the ability of river floodplains to sequester pollutants on the Housatonic
River. He presented the results from this work as a talk
at the annual meeting of the GSA. Summer will continue
the work as a senior thesis in the upcoming year. Matias
Korfmacher ’19 conducted an independent study in the
lab on environmental injustices being experienced by
the community of Centreville, Illinois. The community
suffers continued flooding and sewage overflows from
several years of infrastructure neglect. Matias will continue the work during the summer of 2019, collaborating
with Maxine Ng ’22, who will work to assess drinking
water quality for the community. Marco Vallejos ’20 will
develop a new environmental project during the summer
of 2019, assessing the legacy of contamination in the
community of Tallevast, Florida. Michael Armstrong
’21 also joins the lab for the summer of 2019, working
to better understand the controls of daily fluctuations in
water quality for our local Green River.

During the summer, Alice is continuing her work on
coastal ice observing techniques. Matthew Wiseman ’20
will begin his thesis project on the relationship between
coastal sea ice timing and the rates of coastal erosion
in Northern and Western Alaska. Marshall Borrus ’20
will begin a thesis project on detecting the ice collusion
events that stabilize shorefast ice using seismic sensors
on land. Alice will use this summer to finalize multiple
papers for publication.
Associate Professor Phoebe Cohen spent the summer of
2018 working with Lucas Estrada ’19 and Clare Booth
Luce scholar Kate Pippinger ’20 on research focused
on the end-Devonian mass extinction. They traveled
to western New York state and Ohio to collect samples
from this extinction interval, and then spent the summer
processing and analyzing samples. Both Lucas and Kate
presented their initial results at the fall 2018 Geological
Society of America meeting; in addition, Kate presented her research, which she will continue to work on for
her senior thesis, at the North American Paleontological
Convention in June of 2019.
In the fall of 2018, Phoebe taught her introductory course
Co-Evolution of Earth and Life (GEOS 101) as well as
her senior thesis course Geobiology (GEOS 411). In the
spring, Phoebe took on two new research students: Annalee Tai ’21 and Quinlan Byrne ’20. Both continued
to work in Phoebe’s lab over the summer of 2019 on
Phoebe’s new National Science Foundation grant project “Using Organic Carbon Isotopes of Single Microfossils to Illuminate Proterozoic Eukaryotic Ecosystems”.
Quinlan will continue this work for his senior thesis
during the 2019-20 school year. In the spring of 2019,
Phoebe taught Paleobiology (GEOS 212), where she introduced the programming language R into the curriculum for the first time. In addition to her research and
teaching, she became an inaugural member of the Paleontological Society’s new Ethics Committee, helped to
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José was invited to give a lecture at the annual meeting
of the American Geophysical Union and presented at the
University of Connecticut. In addition to presenting his
work at GSA meeting, he co-organized a session that
focused on Landscapes in the Anthropocene. He also
served on a virtual review panel for the Geomorphology
and Land Use Dynamics Program of NSF. Two papers
were published from the lab during the previous academic year.

Six student researchers worked on projects in the lab of
Associate Professor Mea Cook. Alex Quizon '21 and
Julia Ward '21 studied how the ocean circulation and
nutrient delivery to the sea surface varied over the last
500,000 years in the Bering Sea to test whether there
are systematic changes in carbon dioxide leaking from
the ocean to atmosphere between ice ages and interglacials. As part of a project funded by the National Science
Foundation, Madeline Rawson '21, Dayana Manrique
'21 and Matthieu Chicoye '20 studied the chemistry of
volcanic ash layers from sediment cores in the Bering
Sea and Sanak Island order to match the layers between
land and sea to improve the precision of radiocarbon
dating of climate events. Alan Lin '22 began a project
measuring a time series of stable isotopes of H and O
rain, ground water and stream water in Hopkins Memorial Forest, as well as the stable isotopes of C in inorganic and organic carbon in stream water. Cook is a member
of the American Geophysical Union, the National Association of Geoscience Teachers, and the Earth Science
Women's Network.
Professor Rónadh Cox was on sabbatical leave this year.
She was appointed Visiting Professor of Mathematics
and Statistics at University College Dublin (UCD), and
spent part of the year working with collaborators and
students in Ireland. In addition to delivering public lectures and participating in the Irish Geological Research
Meeting 2019, she wrote papers detailing the results of
ongoing work on coastal erosion and boulder transport.
She was the Distinguished International Lecturer in Geography at Trinity College Dublin in October, and also
gave lectures in the Applied Mathematics program at
UCD and the National University of Ireland at Galway
School of Archaeology and Geography.
In October, with collaborator Frederic Dias from UCD,
she organised a week-long international conference and
field trip on extreme waves and coastal boulder transport
at Fondation des Treilles, France. The meeting assembled twenty invited oceanographers, wave modelers,
and geomorphologists representing seven countries, and
was made possible by the generosity of the Fondation
des Treilles.
In addition to continuing on the Publication Ethics Advisory Committee for the Geological Society of America (GSA), Rónadh began a 4-year appointment to the
GSA’s Annual Program Committee. She co-convened
(with Nancy Riggs from Northern Arizona University)
a publications workshop for early-career geoscientists
at the GSA Annual Meeting, and thesis students Jacob
Cytrynbaum ’18 and Tim Nagle-McNaughton ’18 both

presented their research results at the meeting.
Rónadh worked with Ava Palmo ’19 (a Geosciences/
Studio Art double major), and with Ilana Harris-Babou
(Visiting Assistant Professor of Art) to construct a video
documentary explaining the background to the wavesand-boulders research in western Ireland. The video (titled “Megagravel”) was part of Ava’s honours portfolio
for Art, and was posted on YouTube. Rónadh also participated in “Skype A Scientist,” and gave talks on geoscience to middle-school students across the country, as
well as working with Futurum Careers to develop classroom materials for middle- and high-school students.
Edward Brust Professor of Geology and Mineralogy
Emeritus David Dethier continued his research based at
Williams, focusing mainly on Hopkins Memorial Forest,
the chemistry of springs, infiltration and groundwater
flow on Niwot Ridge in the Colorado Front Range and
the long-term geomorphic and geochemical impacts of
historic charcoal production in western New England (in
cooperation with Will Ouimet ’01, University of Connecticut, and colleagues from Germany). He also began
a new project on the water chemistry of Cuban rivers in
cooperation with Paul Bierman ’85 (University of Vermont) and Jay Racela (Environmental Studies).
Working with Jay, Dethier helps with the ongoing collection of weather, streamflow, precipitation chemistry and
other environmental data from Hopkins Memorial Forest and other nearby areas and their analysis in the Environmental Science Lab in the Morley Science Center.
Real-time weather and groundwater data and archived
weather data from >30 years of monitoring are available
at http://oit.williams.edu/weather/; archived watershed
data (streamflow and temperature, stream chemistry and
bulk precipitation chemistry) are at: http://web.williams.
edu/weather/watershed/index.php.
Senior honors thesis student Caroline Hung ’19, who
has been working with Associate Professor Lisa Gilbert
for 3 years, joined Gilbert in May/June 2018 for field
work on ancient volcanoes in the Otago region of New
Zealand. Hung received an Undergraduate Research
Grant from the Northeast Section of the Geological Society of America (NEGSA) to partially fund this work.
Throughout the year, Gilbert and Hung continued to
collaborate with Bud Wobus and colleagues at Amherst
College, the University of Otago, and the University of
Southampton to use structural and geochemical methods
to reject both previously published models of formation
of these enigmatic rocks and propose a new, much simpler origin: a mid-ocean ridge and on-axis hydrothermal
fluid flow. In March 2019, they traveled to the NEGSA
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meeting in Portland, Maine, to present their findings and
are at work on a publication for submission to the New
Zealand Journal of Geology & Geophysics. During the
summer of 2019 she supervised 4 research students in
addition to Caroline: Julia Ward ’21, Erin Meadors ’20,
Lindsay Fox (Sewanee), Sophia Stouse (Smith). Since
last May, Gilbert has published 4 peer-reviewed articles,
including one with Miranda Bona ’13 as a co-author.
She also wrote “Big Picture: The Ocean” for the forthcoming edition of the textbook The Good Earth. She
co-wrote (with 19 others, led by Julie Huber, Woods
Hole Oceanographic Institution) the pending International Ocean Discovery Program proposal “Drilling
into Young Oceanic Crust for Subseafloor Observations
at Axial Seamount,” which, if funded, will be a major
international effort to study this frequently-erupting underwater volcano.
Gilbert is active in the geoscience education community
at a national level. She recently joined to the Professional Development Committee of the National Association
of Geoscience Teachers (NAGT) and continues to lead
a variety of workshops for faculty, graduate students,
post-docs, and K12 teachers. Each July she convenes
the “Preparing for an Academic Career in Geosciences”
workshop for three days at the Earth Educator’s Rendezvous. At the Rendezvous, she convened a workshop
for experts on Earth systems thinking. At Goldschmidt
2018, a geochemistry conference in Boston in August,
she convened two workshops for teachers to help bring
more societal relevance into middle and high school science courses, and she also presented as part of a webinar
for teachers on pathways to performance expectations.
As part of the National Science Foundation-funded InTeGrate STEM Talent Expansion Program (STEP) Center, she is working with Historically Black Colleges and
Universities, Hispanic Serving Institutions, and twoyear colleges to close achievement gaps in earth and environmental science. In June 2018, she was awarded a
~$100K National Science Foundation grant to organize
a community workshop entitled, “Earth Education for
Sustainable Societies.”
Emeritus Professor Markes Johnson was the invited
guest of the Biology Department at the University of
the Azores (July 16-21, 2018) in Ponta Delgada, São
Miguel Island, for a visit that also included three days
of fieldwork on nearby Santa Maria Island. A lecture
was presented making a proposal for a joint study on
the global distribution of rhodolith species (coralline red
algae). The project now underway builds on a data base
for the biodiversity of rhodoliths in the Cape Verde, Canary, Madeira, and Azores archipelagos. Markes accept52

ed an agreement to include a chapter on the Pliocene
geology and paleontology of Santa Marina Island in his
book manuscript on Islands in Deep Time presently in
its first full draft. During the fall semester, work was
completed to revise of a manuscript describing the geology of the San Basilio region in Baja California Sur
(Mexico), where three generations of Williams students
conducted mapping projects in 2001, 2011, and 2016. A
guest lecture on this topic was presented to the Loreto
Explorers Club during a visit to the region in April 2019.
Part of the visit was devoted to field work on coastal
boulder beds south of Loreto at Puerto Escondido and
north of Loreto at Ensenada Almeja. An expanded phase
of research is modeled on the basis of the successful
completion of a study on a Holocene boulder bed from
the 12-meter terrace at Isla del Carmen (Johnson et al.,
2018). Based on a short list of other Holocene boulder
beds in both the lower and upper Gulf of California, additional studies on the mechanics of rocky-shore erosion
associated with storms of hurricane intensity are in the
planning stages.
Professor Paul Karabinos continued research on the
stratigraphy and tectonics of a Silurian and Devonian
basin in Vermont and Massachusetts. This project uses
U-Pb dating of single detrital zircon grains to constrain
the depositional age and the source of sedimentary rocks
in the basin, and precise U-Pb dates of airfall tephras
from volcanic eruptions to provide important benchmark ages within the basin. Laura Stamp ’16, Didier
Jean-Michel ’17, and Henry Barker ’18 are student collaborators on this project.
Karabinos and collaborators Maureen Long (Yale University) and Vadim Levin (Rutgers University) began a
geophysics project to image the crust from the surface
to the mantle in western Massachusetts. They installed
four seismometers (one in the basement of Clark Hall)
between Williamstown and Greenfield, Massachusetts.
The project is designed to image the details of a major
15-km decrease in the depth to the mantle between Williamstown and Greenfield.
Karabinos and collaborators Laura Webb and Keith
Klepeis (both from the University of Vermont) began a
geochronology project using K-Ar methods to date the
movement history of faults in the Green Mountains of
Vermont and the Berkshire Hill in Massachusetts. They
will present some preliminary results at the National
Geological Society of America Meeting in Phoenix, Arizona, in September, 2019.
Karabinos led a field trip for the New England Intercollegiate Geologic Conference in October, 2018, ex-

amining the suture between ancient North America and
an accreted terrane derived from Gondwana located in
western Massachusetts.
Karabinos attended the Northeastern Section meeting of
the Geological Society of America in Portland, Maine,
in March 2019, where he gave a presentation: Stratigraphic, Tectonic, and Paleogeographic Constraints on
the Acadian Orogeny from Detrital and Igneous Zircon
Dating of Rocks from the Connecticut Valley-Gaspe Basin in Massachusetts and Vermont.
Professor Bud Wobus began a new study of volcanism
and tectonism on the Late Eocene Erosion Surface of
Colorado’s Southern Front Range. This high-level,
nearly flat surface (the “big Flat”), at elevation averaging 8500 feet, is the dominant landscape feature of the
range beneath Pikes Peak (14,115 feet). Late last summer he and thesis student Erikka Olson ’19 studied and
sampled deposits of giant rounded boulders (up to 20
feet across and weighing up to 100 tons) on the erosion
surface along a transect from South Park to the Great
Plains at about 39°N latitude. They were joined by field
assistants Nell Davis ‘15 and Christian Lockwood ’20.
They subsequently used petrology and geochemistry to
determine the provenance, and hence transport distance,
for the boulders. Their work also necessitated changing the previously mapped stratigraphic position of the
boulder deposits from Eocene (pre-volcanic) to Ologo-

cene or younger (post-volcanic). Using vertical offsets
of the 37 Ma Wall Mountain tuff on the erosion surface,
they constrained the age of uplift of the Puma Hills at the
western edge of the Front Range to post-volcanic. They
plan to present their results at GSA in Phoenix in the fall
and Lockwood will continue the study as an independent study project in the fall.
Bud was co-advisor for a thesis by Caroline Hung ’19
on hydrothermally altered sea floor basalts in southern
New Zealand. He and Lisa were co-authors of Caroline’s
poster at Northeast GSA in Portland, Maine, in March.
Last summer Bud led a trip to the Canadian Rockies
for Williams alumni, and this summer he will direct the
Alumni College in the Rockies at the Colorado Outdoor
Education Center (COEC) near Florissant. This will be
the 25th and final iteration of this week-long field-oriented program about central Colorado’s geology and
natural history, which nearly 500 alumni have attended
since it initiated the Alumni Travel-Study program at
Williams in 1981.
Bud continues as a consultant and seminar leader for the
Florissant Fossil Beds National Monument, where Erikka Olson ’19 was an intern in summer, 2017. Olson will
join the summer school weeks staff at COEC this fall,
along with Noah Williams ’17. They replace Nell Davis
’15, who was on their year-round staff for two years.

Known Post-Graduate Plans of Geosciences Majors
William Downs
Caroline Hung
Erikka Olson

Software Engineer in Boston
Ph.D. in Geochemistry/Geobiology, Univ Calif, Riverside
Working at the High Trails Outdoor Ed. Ctr, Colorado
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Geosciences Colloquia
Rónadh Cox, Williams College, Alumni Cycle Weekend
"Measuring the World: Field Research in a Liberal-Arts Curriculum"
Justin Strauss, Dartmouth College
"An Alaskan Perspective on the Evolution of the Arctic"
Robert Bullard, Texas Southern University, Sperry Lecture
"The Quest for Environmental and Climate Justice: Why Race and Place Matter"
Walter Johnson, Harvard University, Class of 1960 Scholars
"Towards an Environmental History of Racial Capitalism in St. Louis"
Sarah Feakins, Univ. of Southern California
"Climate Change and Ecosystem Transformation: Plant Wax Evidence from Indian Ocean Drilling"
Katie Springman
"Human Health Effects of Tar Sands Mining: Fort Chipeywan, Alberta"
Phoebe Cohen Williams College, Faculty Lecture Series; Sigma Xi Lecture
"The Evolution of Life Before Animals: Building Shields, Dodging Snowballs, and Gasping for Breath"
"Answering Burning Questions by Burning Tiny Fossils: Reconstructing Ancient Ecosystems Via Single-Microfossil Carbon Isotopes"
Justin Richardson, Univ. of Massachusetts, Amherst, Class of 1960 Scholars
"Toxic and Essential Trace Elements in New England Soils and Rocks"
Pincelli Hull, Yale University, Class or 1960 Scholars
"Some Like it Hot: Tropical Temperatures and Ecosystems Over the Last 100 Million Years"
Joseph McConnell, Desert Research Institute
"Aerosols and Ancient History in Greenland Ice"
Kristina Walowski, Middlebury College, Class of 1960 Scholars
"Before it Blows: The Science Behind Volcanic Eruptions in the Cascade Arc"
Dorceta Taylor, University of Michigan
"Diverse Perspectives on Food Access in Communities of Color"
Christine Regalla, Boston University, Class of 1960 Scholars
"How I Got Sucked into Subduction: Linking Upper Plate and Subduction Interface Processes in NE Japan"
Halla Hrund Logadóttir, Harvard Kennedy School
"The Changing Arctic: Local and global Implications"
Ian Eisenman ’99, Scripps Inst. Of Oceanography, Univ. of California, San Diego
"The Stability of the Arctic Sea Ice Cover"
"Williams Rocks! – What the Campus is Built In, On, and Of"
Annual preview talk and campus tour for Alumni Reunion Weekend, June 8, 2019
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Geosciences Student Colloquia
Monica Bousa ‘19
"Impacts of Debris Flow on Landscape and Flood Risk in Coastal, Southern California"
Daniel Donahue ‘19
"Unravelling the Role of Plants in Riparian Sedimentation: A Vegetated History of Avulsion on a Gravel-Bed
River"
William Downs ‘19
"Impact of Summer and Fall Storms on Arctic Sea Ice Freeze-Up Timing"
Caroline Hung ‘19
"The Chronicle of an Oceanic Crust: The Tectonic Origin and Alteration History of Metabasalts Preserved on
South Island, New Zealand"
Erikka Olson ‘19
"Of Legends and Lava: Exploring the Geology of Iceland Through Folklore"
"Geomorphology and Tectonism in Colorado’s Southern Front Range: Implications of Boulder and Volcanic
Deposits on the Late Eocene Erosion Surface"

Off-Campus Geosciences Colloquia
Alice Bradley
"Community Sea Ice Records as a Validation Tool for Coastal Remote Sensing"
2109 Arctic System Science Week, Arkhangelsk, Russia, May 2019
Phoebe Cohen
"Untangling the Role of Environmental and Ecological Influences on the Proterozoic Rise of Complex Life"
Univ. of Massachusetts, Amherst, February 15, 2019
Johns Hopkins University, April 5, 2019
Wesleyan University
"A Gender Analysis of the Paleontological Society: Trends, Gaps, and a Way Forward"
North American Paleontological Convention, June 2019
"Carbon Isotopic Analyses of Single Organic-Walled Microfossils Across the Late Devonian Kellwasser Intervals in New York State Reveal a Strong Biological Pump"
North American Paleontological Convention, June 2019
José Constantine
"Tropical Insights into Meandering Rivers: From the Self-Deforming Rivers of the Amazon to the Frozen Rivers of Borneo"
University of Connecticut
Rónadh Cox
"Using Coastal Boulder Deposits to Understand Storm Wave Behaviour Along Steep Shorelines"
Trinity College, Dublin, Distinguished International Lecturer in Geography, October 17, 2018
"Using Coastal Boulder Deposits to Understand How Wave Energies are Translated Inshore"
Fondation des Treilles, Tourtour, Frace, October 23, 2018
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"Megagravel Transport by Storm Waves"
University College Dublin Applied and Computational Mathematics Seminar, January 28, 2019
"Megagravel"
University College Dublin Earth Institute, Feb. 7, 2019
"Megagravel on the Move: Using Coastal Boulder Deposits to Understand Storm Wave Behaviour"
National University of Ireland, Galway, School of Geography and Archaeology Environmental Change Research Cluster Seminar, March 14, 2019
Mea Cook
"Productivity and Circulation in the Subarctic Pacific During the Last Deglaciation"
Department of Marine and Coastal Sciences, Rutgers University, September 17, 2018
"Subarctic Pacific Environmental Reconstruction Using Radiocarbon in Benthic and Planktonic Foraminifera"
National Ocean Sciences Accelerator Mass Spectrometer Facility, Woods Hole Oceanographic Institution, April
1, 2019
Lisa Gilbert
"Hot Rocks Under Water: How to Escape Trouble Using Only Ten Hundred Words"
University of Otago, Department of Geology, Fluid Flow, Dunedin, NZ, June 15, 2018
"Preparing for an Academic Career in Geoscience"
Using Conceptual Frameworks of Earth Systems Thinking to Frame Future Directions of Systems Thinking
Research
Earth Educators Rendezvous, Lawrence, KS, July 16-18, 2018
"Engaging Students in Understanding the Earth System as it Intertwines with Key Societal Issues: a Workshop
for K-8 Teachers"
Goldschmidt 2018, Boston, MA, August 14 and 16, 2018
"Pathways to Performance Expectations Using InTeGrate Materials"
InTeGrate Webinar, November 16, 2018
"Beyond Cause-and-Effect: Teaching Students to Think in Systems"
Geological Society of America Northeast Section Meeting, Portland, ME, March 17, 2019
"Helping Introductory Science Students Become More Self-Reflective Learners"
Everett Community College, Everett, WA, May 2, 2019
"Careers in Science: Deep Sea Oceanography"
Penn State Brandywine's STEM Options, Media, PA, May 8, 2019
"Ocean Science and Activism"
Bennie Dover Jackson Middle School, New London, CT, May 22, 2019
Markes Johnson
"On the Shoulders of Giants: What More Can We Learn about Volcanic Islands?"
University of the Azores, Ponta Delgada, São Miguel Island, Portugal, July 17, 2018
"The Scenic San Bsilio Landscape and its Geology: Violent Volcanic Events from the Pliocene Contrast with
the Serenity of today’s Coastal Geography"
Loreto Explorer’s Club, Loreto, Baja California Sur (Mexico), April 26, 2019
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Paul Karabinos
"Stratigraphic, Tectonic, and Paleogeographic Constraints on the Acadian Orogeny from Detrital and Igneous
Zircon Dating of Rocks from the Connecticut Valley-Gaspe Basin in Massachusetts and Vermont"
Geological Society of America Northeast Section Meeting, Portland, ME, March 17, 2019
Bud Wobus
"The Geology of Stone Hill, Williamstown"
Rural Lands Foundation Hike, October 2018
"Geology of Williamstown"
Williamstown Rotary Club, June 18, 2019

Associate Professor Phoebe Cohen instructs her class in using the new Scanning Electron Microscope as
part of her Co-Evolution of Earth and Life (GEOS 101) course.
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Mathematics and Statistics Department
This year 11 seniors graduated with a major in statistics and 45 graduated with a major in mathematics. We
are currently located in Bascom House, our temporary
home, and we are looking forward to moving into our
new building in early 2021.
We are thrilled to have hired five new faculty who joined
us in the summer of 2019. Our two new statisticians are
Shaoyang Ning, who earned his Ph.D. from Harvard
University in 2018, and Elizabeth Upton, who earned
her Ph.D. in 2019 from Boston University. We hired two
visiting mathematicians who will be at Williams for the
next two years: Joshua Carlson who earned his Ph.D.
from Iowa State University in 2019 and Eva Goedhart,
who earned her Ph.D. from Bryn Mawr in 2015 and
since then has been on the faculty at Lebanon Valley
College, Smith College, and Pennsylvania State University, Abington. Finally, we warmly welcome back Frank
Morgan, Atwell Professor of Mathematics, Emeritus, to
teach two classes for us in fall 2019 and a winter study
course in January 2020.
Two statistics faculty, Xizhen Cai and Anna Plantinga
completed their first year at Williams. They did a great
job, and we are lucky to have them in our department!
We celebrated many faculty accomplishments over the
year, including: Julie Blackwood earned tenure, Pame-

Award Name
Rosenberg prize for outstanding senior

la Harris, Ralph Morrison, Laurie Tupper, and Daniel
Turek were all reappointed, Steve Miller was selected
to be an American Mathematical Society Fellow, and
Pamela Harris won the Council on Undergraduate Research 2019 Early Career Mentoring Award. Congratulation to all!
Professors Bernhard Klingenberg, Allison Pacelli (fall),
and Mihai Stoiciu were on leave for 2018 - 2019. Professors Leo Goldmakher (fall), Pamela Harris, Stewart
Johnson (fall), Bernhard Klingenberg, Susan Loepp,
Ralph Morrison, Cesar Silva, Chad Topaz (fall), Laurie
Tupper, and Daniel Turek will be on leave in 2019-20.
We thank the members of our student advisory board,
SMASAB, who organized many Math/Stat events including gelato socials, Math/Stat snacks, and dinners for
job candidates: Anya Michaelsen ’19 (President), Franny Dean ’19 (Vice President), Jacob Shuman ’20 (Secretary/Treasurer), Alessandra Miranda ’20 (ASA representative), Teresa Yu ’20 (AMS representative), Geunho
Kye ’20 (SIAM representative), Amina Diop ’21 (AWM
representative), and Will Huang ’21 (Sophomore representative).
We are very proud of the accomplishments of our math
and stats majors. The following prizes were awarded to
students this past year for their accomplishments:

Recipient(s)
Canvas Li ’19, Anya Michaelsen ‘19,
Anthony Simpson ‘19
Goldberg award for outstanding colloquium
Reuben Kaufman ’19 and Coly Elhai ’19 (math),
Nina Min ’19 (statistics)
Wyskiel award for teaching
Reuben Kaufman ’19
Morgan prize in applied math
Canvas Li ’19
Kozelka award for outstanding student in statistics:
Youngsoo Baek ’19 and Eric Rosenthal ‘19
Beaver prize for service to the department and math/stat com- Franny Dean ’19
munity
Benedict prize for outstanding sophomore
Emil Graf ‘21 (first prize)
Justin Berman ’21 (second prize)
Witte problem solving prize
Chenyang Sun ’22
Colloquium attendance prize
Reuben Kaufman ’19 (math),
Jesse Ames ’19 (statistics)
National Science Foundation Graduate Research Fellowships Rebecca Durst ’17, Anya Michaelsen ’19,
in the mathematical sciences
Stephanie Stacy ’17
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Finally, the Math and Stats department continued to participate in the Class of 60 Scholars program. The following outstanding students were named as this year’s
scholars:
Class of 1960 Scholars in Math and Stats
David Chantal
Nathan Pflueger
Maria-Veronica Ciocanel
Bruce Sagan
Keith Conrad
Luis Sordo Vieira
Jordan Ellenberg
Andres Vindas Melendez
Taryn Flock
In summer, 2018, Professor Colin Adams led a group
of seven students as part of the SMALL Undergraduate
Research Project investigating hyperbolicity of virtual
knots. Two papers resulted and the students spoke on
their results at Mathfest in Denver at the end of the summer, two students winning a prize for their presentation.
Over the academic year, Adams gave a variety of talks,
both research and expository. He advised theses on knots
in proteins with Judah Devadoss ’19 and on knots with
maximal span relative to their triple crossing number
with Jonah Greenberg ’19.
He served as an editor for the upcoming Concise Encyclopedia of Knots and as an editor for the volume Knots
in Hellas, published by Springer. He continued as managing editor of the Journal of Knot Theory and its Ramifications. He is also a co-organizer for the undergraduate
knot theory conference UnKnot IV, occurring in Bothell,
Washington in summer, 2019. He submitted a variety of
papers, both research and expository, and continues as
the humor columnist for the Mathematical Intelligencer.
Over the past year, Associate Professor Julie Blackwood
has continued several ongoing projects in mathematical
ecology. In particular, she continues to work on modeling the dynamics of infectious diseases in both humans
and animals, exploring questions related to identifying
the drivers of spatiotemporal patterns of disease and implications for control. Diseases that Blackwood study
include dengue virus and white nose syndrome in North
American little brown bat populations. Her work over
the past year also focused on developing optimal management strategies for populations when decisions are
made by multiple levels of government. Applications of
this work include fisheries and disease management.
Professor Blackwood advised thesis student, Tom Benz
’19, who focused on modeling invasive species and the
implications of secondary introductions.

Assistant Professor Xizhen Cai completed her first year
at Williams. She taught Introduction to Statistics and
Data Analysis (STAT 101), and the upper level course
Multivariate Statistics Analysis (STAT 355). During the
past year, she continued her research on statistical model
for casual inference. She coauthored two papers missing data imputation for propensity score model, one of
which was published and the other is ready to submit.
She is also finishing up a paper on time-varying mediation model with an associated R package. She presented
this renovated work at the Joint Statistical Meeting this
summer in Denver. She continued to work collaboratively with faculties in English and Political Science on
an interdisciplinary project of analyzing rhetorical styles
in English text data.
Professor Richard De Veaux continued his work in
data mining, writing textbooks and gave a variety of
keynote addresses, talks and workshops on teaching and
data mining throughout the world. He started his term as
Vice President of the American Statistical Association
(2019-21). He was a co-program chair for the IEEE Data
Science conference (IEEE DSAA) in Washington, DC
in Oct 2019. DeVeax assumed the Chair of the Mathematics and Statistics Department on July 1.
Professor Thomas Garrity has continued his research
in number theory. His paper, with Peter McDonald ’16,
“Generalizing the Minkowski Question Mark Function
to a Family of Multidimensional Continued Fractions”
appeared in the International Journal of Number Theory. He spent most of July, 2018 at the Park City Mathematics Institute (PCMI) in Park City, Utah, as a member
of PCMI’s steering committee. While there, he debated Colin Adams on which number is better, e or π. As
expected, since the audience consisted of professional
mathematicians and educators, e won. In January 2019
he spoke at a special session on continued fractions at
the AMS-MAA national meeting in Baltimore Maryland. In March he gave a talk at Sacred Heart University.
Assistant Professor Leo Goldmakher continued his
research in number theory and additive combinatorics
with a number of collaborators, including Williams students Grace Mabie '19, Emil Graf '21, Benjamin Logsdon '20, and William Johnson '22. His paper Improving
the Burgess bound via Polya-Vinogradov (joint with Elijah Fromm '17) appeared in the Proceedings of the AMS.
He also gave several talks, including a Williams faculty
seminar, a science lunch talk at Williams, and an invited
talk at the Joint Mathematics Meeting in Baltimore.
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Assistant Professor Pamela E. Harris developed a new
course for the Mathematics and Statistics Department:
Algebraic Combinatorics (MATH 458)
Based on her mentoring of undergraduate research students, she was selected as a 2019 recipient of the Council on Undergraduate Research Early Career Mentoring
Award. Allison Henrich, who was on the awards committee wrote: “The awards committee was very impressed
with your accomplishments in mentoring research students, and we are happy to have the opportunity to recognize you for your work.”
Professor Harris continued her work in algebraic combinatorics. Of note is her new article co-authored with
Benjamin Drews’18 and Timothy W. Randolph ’18,
which extends work on (t,r) broadcast domination to the
infinite grid graph and provides a family of counterexamples to a conjecture of Blessing, et. al posed in 2013.
The article “Optimal (t,r) broadcast domination on the
infinite grid” appeared in Discrete Applied Mathematics
in February of 2019. This is one of 13 accepted papers
this academic year.
Professor Harris was awarded one grant and one travel
award this year. This was also the third year of support
from the National Science Foundation. she presented
13 invited lectures including a plenary talk at the Joint
Mathematics Meeting 2019 and another plenary talk at
the Discrete Math Days conference at UMass Amherst.
Professor Harris is highly committed to fostering the
success of underrepresented scientists and to improving
diversity and retention rates among women and minorities in the mathematical sciences. This year, she had a
grant renewed to support the website www.lathisms.org
whose mission is to provide an accessible platform that
prominently features the extent of the research and mentoring contributions of Latinxs and Hispanics in different areas of the Mathematical Sciences.
Professor Stewart Johnson remains active in dynamical systems, focusing on massively parallel computing methods for scientific modeling. He is developing
tools for assessing chaotic attractors in high dimensional
spatial systems, and adapting classic methodologies to
better understand how the spatial component of these
dynamics impact our notions of chaos and predictability. This basic research furthers our understanding of
spatially organized systems such as systems of neurons,
grain boundaries in crystal formation, and cellular tissue
growth.
For the past academic year, Professor Bernhard Klingenberg was teaching in the Master’s Program in Data
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Science at New College Florida, in Sarasota, FL, where
he covered graduate classes on Statistical Inference (1
& 2) and Data Visualization and an undergraduate class
on Categorical Data Analysis. Together with many other
faculty from Williams and beyond, Professor Klingenberg co-authored an article on a data science study on
artist diversity in U.S. art museum collections. In May,
he conducted a half-hour TV interview about the findings of this study. He also worked with Professor Matt
Carter in biology on neurological research, continued
statistical consulting services for a variety of researchers
from different fields and served as an associate editor for
the journal Statistical Modeling. Finally, he continued to
develop his website ArtofStat.com which provides tools
and web apps for teaching introductory statistics.
In June 2019, Professor Susan Loepp finished her
3-year term as chair of Math/Stat. She will be on leave
for the 2019-20 academic year, focusing on her research
in commutative algebra. Loepp continues to enjoy advising the research of Williams students. In 2018-19,
she advised the senior honors theses of Andrew Aramini
’19 and Anya Michaelsen ’19, who both proved original
results in commutative algebra. Loepp and Michaelsen
wrote a paper based on results in Michaelsen’s thesis
and it has been accepted for publication in Transactions
of the American Mathematical Society.
During the summer of 2017, Loepp advised the Commutative Algebra research group as part of the department’s
SMALL program. The group included the two Williams
students Timothy Kostolansky ’18, and Alex Semendinger ’18. A paper based on the group’s original results has
appeared in the Journal of Algebra. In summer 2015, the
SMALL Commutative Algebra group included Sarah
Fleming ’18, Peter McDonald ’16, and Nina Pande ’17.
A research paper based on their work recently appeared
in the Journal of Commutative Algebra. A paper based
on the work of 2017-18 senior thesis of Alex Semendinger ’18 has been accepted for publication in the Rocky
Mountain Journal of Mathematics.
Loepp was recently elected to the Council of the American Mathematical Society. She attended the Council
meeting, as well as many mathematical talks and events
in January at the Joint Mathematics Meetings in Baltimore. She also participated in the April Council meeting. Loepp is serving in her second 5-year term as an
associate editor for the Mathematical Monthly, and she
continues to serve on committees for the American
Mathematical Society and the Mathematical Association
of America.

Professor Steven Miller continued his work in number
theory and probability, writing 10+ papers and giving
20+ talks with students. His book (with Stephan Garcia)
celebrating Pi Mu Epsilon’s Centennial came out in the
spring. He was re-elected to the Mount Greylock Regional School Committee, where he has used mathematics to solve problems for the district. He and his students
successfully consulted on a variety of projects, including
a multi-million dollar MLB lawsuit. He became an AMS
Fellow and a Senator at Large for Phi Beta Kappa, and
was elected to the board of the Fibonacci Association.
He has been active in numerous education initiatives,
from continuing education classes for teachers to writing computational modules for schools to creating and
running a shared, on-line Introduction to Data Science
class through LACOL. He continues to serve on several editorial boards, especially Pi Mu Epsilon (Problem
Editor) and the Journal of Number Theory (one of four
Managing Editors). Talks, papers, and all class lectures
are online at https://web.williams.edu/Mathematics/sjmiller/public_html/.
Professor Frank Morgan, his third year of retirement,
spent the fall at Baylor University and traveled to Brazil,
China, Israel, and Egypt. In Brazil he participated in the
International Congress of Mathematicians. In China he
conducted a research seminar in Riemannian geometry
for high school students; they have submitted an original research paper for publication. In Israel he gave
the CMS Distinguished Lecture series at Technion and
visited Jerusalem. In Egypt he tracked down the Cairo
pentagonal tilings of his joint work with students. This
summer he is advising an undergraduate research Geometry Group at Yale. In the fall 2019 and January 2020
he returns to Williams to teach Real Analysis (MATH
350) and Tournament Bridge.
Assistant Professor Ralph Morrison completed his
third year at Williams College, and was reappointed for
another three years at Williams. He continued his research on tropical, algebraic, and discrete geometry. He
led a research group in tropical geometry and chip-firing
on graphs in the SMALL REU of Summer 2018, working with Williams students Franny Dean ‘19, Sammy
Rosofsky ‘19, and Teresa Yu ‘20, as well as Ivan Aidun
and Julie Yuan. He advised Jian Lu ‘19 in a senior thesis in mathematics titled Time complexity in max-linear
systems. He attended a satellite conference to the International Conference on Mathematics on “Tropical Geometry and Moduli Spaces” in Cabo Frio, Brazil, as well
as the Fall 2018 AGNES (Algebraic Geometry North
Eastern Series) at Brown in Providence, RI. He taught
two sections of Discrete Mathematics (MATH 200) in

the fall, and in the spring taught Computational Algebraic Geometry (MATH 487) and Graph Theory (MATH
334). He received a Class of 1945 World Travel Fellowship grant to fund work abroad during his AP leave year,
and also received an AMS-Simons Travel Grant.
Professor Allison Pacelli was on sabbatical during 2018.
She continued a research project in algebraic number
theory with Sarah Fleming ’18 on the geometry of modular arithmetic as well as her own work. She taught at
Williams College Math Camp for which she was awarded an AMS Epsilon Award, as well as PZ Math Calculus
Prep Camps in Boston and Westport. She taught Abstract Algebra during the spring of 2019.
Asisstant Professor Anna Plantinga continued her
research in statistical methods for analysis of human
microbiome data, particularly with complex study design features such as longitudinal data or multiple data
sources. She also continues to work collaboratively with
biologists and clinicians investigating the role of the microbiome in diseases such as perinatal depression and
anxiety. Plantinga is currently working with two summer research students, Nehemiah Wilson ’21 and Noah
Nsangou ’20. During the year she had three papers accepted for publication (both methodological and collaborative) and presented her work at the ENAR 2019 conference. She taught Longitudinal Data Analysis (STAT
372) and Statistics and Data Analysis (STAT 201).
In fall 2018, Professor Cesar Silva taught two sections
of Calculus II (MATH 140), and in spring 2019 he taught
Real Analysis (MATH 350) and Measure and Ergodic
Theory (MATH 403). In summer 2018 he had a research
group in SMALL and completed a paper that has been
submitted for publication. During the academic year,
Silva had a thesis students, Yuxin Wu ’19, who worked
in symbolic dynamics.
He attended a group research meeting at the American
Mathematics Institute, in San Jose, California, in November, 2017.
Professor Mihai Stoiciu was on sabbatical during the
academic year 2018-19. He worked on a manuscript on
Random Matrix Theory, based on the lectures he gave
two years ago at the IAS-PCMI Summer School. Stoiciu
will teach a Senior Seminar class at Williams College
on this topic during Fall 2019. Throughout the year, he
also continued his work with the students from the 2018
SMALL Undergraduate Program, on several research
topics in Random Matrix Theory.
During the academic year, Stoiciu traveled to several
conferences. He attended the NES/MAA Fall Confer61

ence hosted by Southern New Hampshire University, the
international conference “Random Physical Systems”,
in Puerto Natales, Chile, as well as the NorthEast Consortium for Quantitative Literacy, hosted by Bay Path
University. He was also invited to give research talks at
Cornell University and at Baylor University.
Stoiciu was honored to receive the 2018 NES/MAA Distinguished College or University Teaching Award (NES/
MAA stands for the Northeastern Section of the Mathematical Association of America). He received the award
at the NES/MAA Fall Conference held in November
2018. Stoiciu gave the keynote address at this conference.
Professor Chad Topaz greatly enjoyed his second year
at Williams College! In the fall, he taught courses in
Computational Linear Algebra (MATH 307) and Mathematical Modeling (MATh 432). In the latter course,
thanks to WCMA's Object Lab program, students created computational models that produce works of art in
the style of abstract artists such as Anti Albers, Barbara
Takenaga, and James Rosenquist. In the spring, Professor Topaz taught Differential Equations (MATH 309)
and a tutorial on Partial Differential Equations (MATH
459T). In the latter course, students completed research
projects on topics such as fluid mixing, hurricanes, and
urban crime. He was privileged to advise thesis student
Canvas (Zhiqi) Li ‘19 who is headed to the Ph.D. program in mathematics at Stanford next year.
Professor Topaz continued research supported by his
National Science Foundation research grant on “Variational and topological approaches to complex dynamical systems,” completing two manuscripts related to
topological data analysis and one manuscript related to
coupled oscillator networks. He also continued data science projects, including a paper on diversity in U.S. art
museum collections which was covered in the national
and international press. As part of a collaborative team
Prof. Topaz received a grant from the Sherman Fairchild
Foundation, "Development of a Data Science Program
at Williams College."
Active within his professional organizations including
the Society for Industrial and Applied Mathematics
(SIAM), Professor Topaz served on the editorial board
of the SIAM Journal on Applied Dynamical Systems,
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chaired the nominating committee of the SIAM Activity
Group on Dynamical Systems, and was appointed chair
of the SIAM's DiPrima Prize Committee and associate
editor for SIAM's Book Series on Modeling and Computation. He also delivered plenary talks at the 2019
SIAM Conference on Applications of Dynamical Systems and the 2019 spring meeting of the Mathematical
Association of America, Northeast Section.
Assistant Professor Laurie Tupper continued her work
with spatio-temporal data and multivariate time series,
particularly in the areas of classification and clustering,
dimension reduction, and modeling. She advised two senior statistics theses: Eric Rosenthal ’19, on stability and
validity of noisy clustering with applications in wind,
climate, and voting behavior; and Youngsoo Baek ’19,
co-advised with Professor Daniel Turek, on Bayesian
spatio-temporal modeling of air pollutants with missing
data. She also continued her collaborative work with
industry partners in public transportation and in identifying contamination and misidentification of mammalian cell cultures. In the summer of 2018, she supervised
students Youngsoo Baek ’19, Alessandra Miranda ’20,
Eric Rosenthal ’19, and Daniel Woldegiorgis ’20 and
accompanied Alessandra Miranda ’20 to the StatFest
conference in the fall to present her work on stability of
clustering in climate data. On the teaching side, she developed a new senior seminar on Spatio-Temporal Analysis that combined theoretical and computational approaches to the subject and also taught Regression and
Forecasting (STAT346) and Statistics and Data Analysis
(STAT 201).
Assistant Professor Daniel Turek continued his work in
areas of theoretical and applied statistics, with an emphasis on Bayesian and computational methodology. This
included writing six peer-reviewed papers, and delivering three workshops and conference talks. In addition,
he co-supervised two senior statistics theses in areas of
spatial-temporal and ecological statistics, which included student participation in field research to study Trinidadian fish populations. Further, he continued his participation in the development of NIMBLE, an NSF-funded
statistical software package (www.r-nimble.org). Daniel
was awarded a Fulbright US Core Research Scholarship
to support his upcoming sabbatical research taking place
in Montpellier, France.

Known Post-Graduate Plans of
Mathematics and Statistics Majors
Jesse Ames
Andrew Aramini
David Ariyibi
Youngsoo Baek
Joanne Beckford
Thomas Benz
Carsten Berger
Anna Black
Lauren Brown
William Y. Chen
George Clark
Frances Dean
Caitlan Fealing
Judah Devadoss
Jake Foehl
Neel Jain
Reuben Kaufman
Zhiqi Li
Jian Lu
Sophie Lu
Grace Mabie
Maryanne Masibo
Anya Michaelsen
Nina Min
Zachary Proom
Eric Rosenthal
Samuel Rosofsky
Anthony Simpson
Ryan Taylor
Yuxin Wu
Qian Yang

Working as a Laboratory Researcher at the Rutgers University Center for Advanced Biotechnology and Medicine
Math Fellow at Greenwich Academy in Greenwich, CT, teaching high school math while
also getting a Master’s in teaching from UPenn
Working as a Software Engineer at TripAdvisor
Pursuing a Ph.D. in Statistics the Duke University
Attending UPenn’s Bridge to Ph.D. Program for a funded Master in Math
Research Technician in the Stephen Long Lab at Memorial Sloan Kettering Cancer Center,
in New York, NY
Working at the law firm Proskauer Rose in New York as a Project Assistant
Pursuing a Ph.D. in Atmospheric Sciences at the University of Washington
Working as a Quantitative Data Analyst at Cogo Labs, a tech startup incubator in Boston,
MA
Working as a Research Analyst for the DSGE Team at the Federal Reserve Bank of New
York, then applying to graduate school in Economics
Working at Centerview Partners, an investment bank in New York City
Post-Bachelor Fellow at the Institute for Health Metrics and Evaluation in Seattle, WA
Data Science Fellow at the Institute for Defense Analyses
Working at Digitas in Boston, MA
Working for a sports analytics company called Big League Advance in New York City
Data Scientist at Booz Allen Hamilton
Math Specialist at Pine Cobble School in Williamstown, MA
Pursuing a Ph.D. in Mathematics at Stanford University
Software Engineer at JP Morgan
Research Technician at Dana Farber Cancer Institute
Working for a small tech company called commonFont, in Bozeman, MT
Working as an Investment Banking Analyst at Goldman Sachs in the Financial Institutions
Group (FIG)
Pursuing a Ph.D. in Mathematics at UC Berkeley
Working as a Research Assistant in the lab of Dr. Gökhan Hotamişligil at T.H. Chan School
of Public Health
Working as a Research Assistant at the Federal Reserve Board
Pursuing a Ph.D. in Statistics at Cornell University
Working at Epic Systems in Madison, WI as a Technical Problem Solver
Doing a three month internship at the Max Plank Institute for Software Systems, then working at Facebook in Boston, MA
Working as a Research Analyst at the Brattle Group, an economic consulting firm in Boston
Work in New York
Working as a Sales and Marketing Manager at Weston Table in Boston
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Mathematics and Statistics Colloquia
Colin Adams
"Hyperbolicity and Turaev Hyperbolicity of Classical and Virtual Knots"
Julie Blackwood
"From Fisheries to Disease Outbreaks: Managing Ecosystems Under Multiple Administrative Jurisdictions"
Andrew Bydlon
"Perfect Test Ideals"
Xizhen Cai
"Variable Selection for Dynamic Citation Networks"
Veronica Ciocanel, Mathematical Biosciences Institute, Ohio State University
"The Mathematical Journey of RNA Molecules Along Cellular Roads"
Keith Conrad, University of Connecticut
"The ABC Conjecture"
Chantal David, Concordia University
"Equidistribution for Elliptic Curves"
Richard De Veaux
"P-Values and Scientific Reproducibility: What’s all the Fuss?"
Jordan Ellenberg, University of Wisconsin, Madison
"Set, Cap Sets, Arithmetic Progressions, Polynomials"
Taryn Flock, University of Massachusetts, Amherst
"A Few Sharp Inequalities in Harmonic Analysis"
Thomas Garrity
"From Gödel to Robots: The Existential Theory of the Reals"
"Some Variations on Factoring: Possible New Formulas for e"
"Lines and Circles: Factoring and Rotations: Sequences and Miracles"
Leo Goldmakher
"Some Refinements of Artin’s Conjecture"
Pamela Harris
"Combinatorics of Weight Multiplicities"
Matthew Higham, Oregon State University
"Adjusting for Imperfect Detection in Population Size Prediction"
Stewart Johnson
"Navigating the Spectrum of Dynamics in High Dimensional Systems"
Haydee Lindo
"Trace Ideals and the Classification of Commutative Rings"
Susan Loepp
"Quasi-Excellent Rings that are not Excellent and Catenary Rings that are not Universally Catenary"
"The Relationship Between Prime Ideals of a Local Ring and Prime Ideals of Its Completion"
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Amanda Luby, Carnegie Mellon University
"Accounting for Individual Differences Among Fingerprint Examiners Using Tree-Based Item Response Theory"
William Meeks III, Institute for Advanced Study
"New and Old Results in the Classical Theory of Minimal and Constant Mean Curvature Surfaces in Euclidean
3-Space R3"
Ralph Morrison
"Higher Distance Commuting Varieties"
Shaoyang Ning
"Accurate, Real-Time Flu Tracking With Internet Search Data"
Nathan Pflueger, Amherst College
"Set-Valued Young Tableaux in Algebraic and Tropical Geometry"
Anna Plantinga
"Penalized Regression Methods for Microbiome Compositional Data"
Bruce E. Sagan, Michigan State University
"Combinatorial Interpretations of Lucas Analogues"
Santiago Estupiñan Salamanca, Universidad de los Andes, Colombia
"Visibility in Nk"
Cesar Silva
"Non-Rigid Rank-One Measures on the Circle"
"On Rank-One Transformations in Finite and Infinite Measure and Examples Related to Chacon’s Transformation"
Lius Sordo Vieira, The Jackson Laboratory for Genomic Medicine
"Mathematics for Breast Cancer Research: Investigating the Role of Iron"Laurie Tupper
"Changes in the Wind: Dimension Reduction for Clustering Spatio-Temporal Data"
Daniel Turek
"Efficient MCMC for Spatial Population Modeling"
Elizabeth Upton
"Regression Methods for Network Indexed Data: Modeling Occurrences of Burglary in Boston, Massachusetts"
Andrés R. Vindas Meléndez, University of Kentucky
"Fixed Subpolytopes of the Permutahedron"
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Mathematics and Statistics Student Colloquia
(All students are members of the class of ‘19)
Muhammad Abbasi
"The Ballot Problem"
Roua Agrebi
"An Elementary Proof of the Unsolvability of Quintic Equations"
Isabelle Ahn
"Alphabetized Optimality in Experimental Design"
Jesse Ames
"Modeling Genetic Recombination With Poisson Processes"
Andrew Aramini
"Completions of Catenary Domains"
David Ariyibi
"How to Survive a Josephus Game"
Youngsoo Baek
"Bayesian Hierarchical Model for Estimating Particulate Matter (PM10) Levels in South Korea"
Joanne Beckford,
"Dogs Probably Use the Factorial Base to do Math"
Thomas Benz
"Modeling Resource Cooperation in Invasive Species Bridgehead Systems"
Carsten Berger
"Mathematical Modelling of Major League Baseball’s Final Offer Arbitration System"
Adrian Black
"Lewy’s Example: A Differential Equation Without Solution"
Anna Black
"Reducing Uncertainty in Paleoclimate With the Kalman Filter"
Katherine Blake
"Exploring the Uniqueness of Sudoku Puzzles Through Vertex Coloring"
Lauren Brown
"Using Robust Principle Component Analysis to Predict the Market Values of German Soccer Players"
Benjamin Bui
"Urysohn’s Lemma"
William Chen
"Modeling Financial Crises With Stochastic Calculus"
George Clark
"The German Tank Problem"
Frances Dean
"Chip-Firing Games & Gonality"
Judah Devadoss
"Imagining Protein Structure Through Knot Theory"
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Coly Elhai
"Math and the Fight for Fair Districts"
Francesca Eluhu
"Ramsey’s Theorem: A Belated Halloween Special"
Caitlan Fealing
"Quantifying Plagiarism and the Difference Between Languages With Levenshtein Distance"
Jake Foehl
"Beat the Dealer: How Math Changed the Game of Blackjack"
Nicholas Gardner
"Modeling Social-Structure Driven Language Change"
Joshua Gilkenson
"Nowhere Differentiable Continuous Functions"
Jonah Greenberg
"Span of the Bracket Polynomial and Triple-Crossing Projections of Knots"
Alexander Gueganic
"Applications of the Class Equation: Sylow’s First Theorem and Probability in Group Theory"
Jonathan Hall
"Das ist nicht Mathematik.Ds ist Theologie!: A Proof of the Hilbert Basis Theorem"
Kellen Hathaway
"The Art Gallery Problem"
Neel Jain
"Expanding Zero-Forcing to Multi-Color Forcing on Graphs"
Reuben Kaufman
"Fermat’s Last Theorem (for Polynomials)"
David Krane
"Simulation-Assisted Machine Learning in Cancer Biology"
Zhiqi Li
Topology of Random Simplical Complexes
Jian Lu
"Tropical Varieties of Cryptography"
Sophie Lu
"Bayesian Estimation of Age at First Capture in Mark-Recapture Studies of Trinidadian Guppies"
Grace Mabie
"Here Be Legendre Dragons: An Analysis of Paper Folding Diagrams Corresponding to Values of the Legendre
Symbol"
Maryanne Masibo
"Hill Ciphers: An Elegant Historic Block Cipher"
Anya Michaelsen
"Uncountable Excellent Rings With Countably Many Prime Ideals"
Nina Min
"Predicting Rate Diseases: Random Forests and Imbalanced Data"
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Jacob Nadelman
"Give and Take: Three Ways of Approaching the Nash Bargaining Solution"
Nam Nguyen
"An Introduction to the Analytic Class Number Formula"
Justin Ping
"Decomposing Senate Votes"
Zachary Proom
"Methods in Stylometry and Applications: The Beatles and Shakespeare"
Amy Qiu
"Fáry’s Theorem"
Stuart Read
"Grover’s Quantum Search Algorithm"
Eric Rosenthal
"Generalizable Stability Analysis for Clustering Algorithms"
Samuel Rosofsky
"Recent Progress on the Sum-Product Problem"
William Ruggiero
"Not All Grades Are Created Equal: Using Bayesian Latent Trait Formulation and Item-Response Modeling to
Accurately Weight GPA"
Ian Shen
"The Tightening Boundary: Improving the Speed of MCMC Algorithms With Variational Methods"
Alina Shubina
"Cannibalism and Infectious Disease"
Aesha Siddiqui
"A Path Model for Quantum Skew-Symmetric Matrices"
Anthony Simpson
"Kostant’s Partition Function and Multiplex Juggling Sequences"
Alexander Summers
"Mathematical Underpinnings of Music Applied Through Composition"
Ryan Taylor
"The Pythagorean Formula of Baseball"
Jianing Tu
"Benford’s Law"
Yuxin Wu
"Cellular Automata and Symbolic Rank One Transformations"
Donglin Zhang
"How Many Mates? Impact of Disease and Punishment on Tendency Toward Polygyny vs. Monogamy"
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Off-Campus Mathematics and Statistics Colloquia
Colin Adams
"Blown Away: What Knot to Do When Sailing"
American Community School, Athens, Greece, October 9, 2018
Russell Bradt Undergraduate Colloquium, University of Kansas, Lawrence, KS, April 25, 2019
Undergraduate Prize Lecture, Northwestern University, May 15, 2019
"Why Knot?"
Technical University of Athens, Athens, Greece, October 8, 2018
Southshire School, North Bennington, VT, January 29, 2019
Math Club, Williamstown Elementary School, Williamstown, MA, March 5, 2019
All-School Lecture, St. Paul’s School, Concord, NH, March 28 2019
"Mathematically Bent Theater"
Joint Mathematics Meetings, San Diego, CA, January 12, 2018
Topology in Dimensions 2,3, 3.5 and 4, Berkeley, CA, June 25-28, 2018
Park City Mathematics Institute, July 16, 2018
"Zombies & Calculus"
Coolidge Corner Theater, Brookline, MA, October 15, 2018
"Hyperbolicity of Virtual Knots"
EIU Integrated Conference on Geometry, Topology and Dynamics, Charleston, IL, March 31, 2019
"Hyperbolicity and Turaev Hyperbolicity of Classical and Virtual Links"
AMS Conference Special Session, Hartford, CT, April 13, 2019
Julie Blackwood
"Uncovering the Drivers of Spatial Synchrony of Periodical Cicadas in the U.S."
Virginia Tech
Sixth International Conference on Mathematical Modeling and Analysis of Populations in Biological Systems
Society for Mathematical Biology Annual Meeting
Richard De Veaux
"The Seven Deadly Sins of Big Data"
Computational Social Science Meeting, Bremen, Germany, November 2018
"Do As I Say, Not As I Do – Consulting Talk"
Joint Statistical Meetings, Vancouver, BC, August 2018
"Data Science for All. Sure, but Who, What, Where and How Much?"
West Point Military Academy, April 2019
LACOL Conference on Data Science, Washington and Lee University
Lexington, VA, June 2019
"Building Better Models Through Predictive Analytics"
Charlotte NC, October 2018
Atlanta GA, December 2018
Washington Press Club, Washington DC, March 2019
Chicago IL, May 2019
Cambridge MA, June 2019
"Workshop on Presentation Skills"
Joint Statistical Meetings, Vancouver, BC, Aug 2018

69

"Short Course: Successful Data Mining in Practice"
ASA Dayton Chapter, University of Dayton, Dayton OH, September 2018
ASA Louisville Chapter, University of Kentucky, Kentucky OH, September 2018
ASA Cleveland Chapter, Cleveland State University, Cleveland OH, September 2018
Conference on Statistical Practice, New Orleans, Louisiana, February 2019
Thomas Garrity
"The Great Pi/E Debate" (With Colin Adams)
Park City Mathematics Institute, Park City, Utah, July 2018
"Families of Division Algorithms: Structure for Multidimensional Continued Fraction Algorithms"
Special Session on Geometry and Dynamics of Continued Fractions, Baltimore, Maryland, January 2019
"Why Numbers Are So Mysterious and So Hard to Understand"
Sacred Heart University, Bridgeport, CT, March 2019
Leo Goldmakher
"Some Refinements of Artin’s Conjecture"
Joint Mathematics Meetings, Baltimore, MD, January 2019
Pamela Harris
"Kostant’s Partition Function and Multiplex Juggling Sequences"
Florida Gulf Coast University, Mathematics Colloquium, May 2019
"Kostant’s Partition Function"
University of Washington, Number Theory Seminar, May 2019
University of Southern California, Combinatorics Seminar, January 2019
University of Kansas, Combinatorics Seminar, January 2019
DePaul University, Math Colloquium, January 2019
University of Hawai’i Manoa, Math Colloquium, February 2019
"On The (t, r) Broadcast Domination Number of Graphs"
Discrete Math Day (DMD) of the North East at Mass Amherst, April 2019
"The Lonely Reality of an Academic Dreamer"
Brown Horizons Seminar, Brown University, March 2019
"From Undocumented Student to Mathematics Professor"
Grand Valley State University Mosaic Lecture, March 2019
"A Mathematical Journey of Culture, Community, and Collaboration"
MAA Invited Address, Joint Mathematics Meetings, January 2019
"The Integer Partition Function and its Generalizations"
University of Southern California, Women’s Weekend Retreat, Catalina Island, January 2019
"Broadcast Domination of Triangular Matchstick Graphs and Triangular Lattice"
Joint Mathematics Meeting January 2019, AMS Special Session on Latinxs in Math
"Invisible Lattice Points"
2018 Harry S. Kieval Lecture, Cornell University, October 2018
Bernhard Klingenberg
"Categorical Data Analysis"
a short course given at the Joint Statistical Meetings, Denver, July 2019
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"Apps in Intro Stats. When, Why and Where?"
United States Conference on Teaching Statistics, Penn State University, May 2019
"Digital Learning Webinar Series"
Online, April 2019
International Conference on Technology in Collegiate Mathematics, Phoenix, AZ, March 2019
Susan Loepp
"To Play or Not to Play: A Game With Hats"
Presentation at BEAM, Union College, July 2018
"Women in Science and Mathematics Panel"
Panelist, STEM Symposium, Bethel College, October 2018
"What Hat Are You Wearing? An Introduction to The Hat Game"
STEM Symposium, Bethel College, October 2018
"What Hat Are You Wearing? An Introduction to The Hat Game"
Preskenis Lecture, Framingham State University, April 2019
Steven Miller
"From Monovariants to Zeckendorf Decompositions and Games"
The Eighteenth International Conference on Fibonacci Numbers and Their Applications, Dalhousie University,
July 2, 2018.
"Finite Conductor Models for Zeros Near the Central Point of Elliptic Curve L-Functions"
CNTA XV, Universite Laval, July 9, 2018.
"Pythagoras at the Bat: an Introduction to Mathematical Modeling"
Science Days for Prospective Williams Students, August 10, 2018.
"From Zombies to Fibonaccis: An Introduction to the Theory of Games"
TCNJ Math Camp, July 16 and 29 (Part I) and 17 and 30 (Part II), 2018. Hampshire College, July 24, 2018.
"Better Together: Chapters and Associations of PBK"
45th PBK Triennial, Boston, August 4, 2018.
"Phase Transitions in the Distribution of Missing Sums and a Powerful Family of MSTD Sets"
(with Hung Viet Chu, Noah Luntlaza, Lily Shao and Victor Xu) Integers 2018, Augusta, Georgia, October 4,
2018.
"The Explicit Sato-Tate Conjecture in Arithmetic Progressions" (given by Casimir Kothari, Trajan Hammonds,
Hunter Weiman ‘19)
Quebec-Maine Number Theory Conference, October 7, 2018.
"Rank and Bias in Families of Hyperelliptic Curves" (given by Trajan Hammonds and Ben Logsdon ‘19)
Quebec-Maine Number Theory Conference, October 7, 2018.
"From Nuclear Physics to Number Theory: How the Manhattan Project Helped Us Understand Primes,"
Yale University, October 8, 2018.
"REU - The Value of a Research Experience"
Panelist at the Math Alliance Field of Dreams Conference, St Louis, November 3, 2018.
"The Explicit Sato-Tate Conjecture in Arithmetic Progressions" (poster given by Trajan Hammonds, Hunter
Weiman ‘19)
Joint Math Meetings, January 18, 2018. JMM Outstanding Poster Award.
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"Rank and Bias in Families of Curves via Nagao's Conjecture"
AMS Special Session on A Showcase of Number Theory at Undergraduate Institutions, JMM, Baltimore, January 17, 2019.
33rd Automorphic Forms Workshop (with Trajan Hammonds), Duquesne University, March 8, 2019.
"The German Tank Problem: Math/Stats at War"
University of Connecticut Math Department Awards Dinner, April 26, 2019.
"Recent Progress in Sumsets, Generalized Schreier Sets, Generalized Zeckendorf Decompositions, and Prime
and Square-Free Walks"
(with Joshua Ackerman, Tudor Popescu, Zimu Xiang), CANT May 23, 2019.
"Summer Data Science (online): By and for the Liberal Arts"
Panelist in discussion on an online class co-teaching, LACOL Data Science Workshop, June 6, 2019.
"Introduction to Cryptography: Alphabet codes, VCTAL"
Champlain College, June 19, 2019.
"Introduction to Cryptography: RSA, VCTAL"
Champlain College, June 19, 2019.
"Inrtoduwtion to Erorr Dwtetcion and Erorr Czorrectmon, VCTAL"
Champlain College, June 19, 2019.
"Of the Origin and Design of Eigenvalues in General, With Concise Remarks on the English Constitution"
University of Michigan - Dearborn, June 27, 2019. Egg Drop Mathematics: It *IS* all it's cracked up to be,
TCNJ Math Camp, July 14, 2019.
Frank Morgan
"Isoperimetric and Partitioning Problems"
University of São Paulo, July 23 – 27, 2018
"Isoperimetric Problems"
ICM, Rio, August 2, 2018
Yale Colloquium, June 19, 2018
"The Isoperimetric Problem with Density"
Rice University, September 5, 2018
University of Science and Technology, Beijing, February 21, 2019
"Optimal Tiles"
Tarleton State University, October 4, 2018
Distinguished Lecture, Michigan State University, October 18 - 19, 2018
Lehigh University High School Math Contest, March 2, 2019
Lehigh Geometry – Topology Conference, June 22, 2019
"Best Practices for Student Research"
Tarleton State University, October 4, 2018
University of Science and Technology, Beijing, February 21, 2019
"Double Bubbles and Densities"
Baylor University, October 11, 2018
"Double Soap Bubbles"
Tarleton State University, October 12, 2018
"Double Soap Bubbles and Densities"
Michigan State University, October 18 – 19, 2018
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"Sharing the Joy of Mathematics"
"Soap Bubbles and Mathematics"
Southwestern University, November 27, 2018
"Isoperimetric Problems with Density"
Universidad Católica de Chile, December 17 – 21, 2018
"Course on Differential Geometry with Research for High School Students"
IAR Shanghai, February 7 – 17, 2019
"Soap Bubbles and Mathematics"
Shanghai University, February 15, 2019
"Double Bubbles with Density"
Tsinghua University, February 22, 2019
"The Double Bubble Problem"
Technion, Haifa, Israel, April 7 – 12, 2019
"The Isoperimetric Problem"
Technion, Haifa, Israel, April 7 – 12, 2019
"The Isoperimetric Problem in Spaces with Density"
Technion, Haifa, Israel, April 7 – 12, 2019
Ralph Morrison
"Chip Firing Games on Graphs"
Mathematics Colloquium, Amherst College
Anna Plantinga
"Community-Level Analysis of Microbiome Data in Complex Study Designs"
International Biometric Society Conference, Barcelona, Spain, July 10, 2018
"Ecological Dissimilarities for Paired and Longitudinal Microbiome Association Analysis"
Eastern North American Region (ENAR) of the International Biometric Society, Philadelphia, PA, March 26,
2019
Cesar Silva
"Introducción a nociones y Ejemplos en Teoría Ergódica"
Catholic University of Peru, Lima, Peru, June 11, 2019
"Nociones de Transformaciones Mezclantes (Mixing") En Medida Infinita"
Seminar, IMCA, Lima, Peru, June 14, 2019
Mihai Stoiciu
"Linear Algebra Meets Probability and Statistics: A Short Introduction to Random Matrix Theory"
Invited Address at NES/MAA Fall Conference, Southern New Hampshire University, Manchester, NH, November 2018
"Topics and Pedagogical Techniques for Undergraduate Research"
Project NExT at the NES/MAA Fall Conference, Southern New Hampshire University, Manchester, NH, November 2018
"Random Unitary Matrices and Matrix Models for the Circular Beta Ensemble"
Analysis Seminar, Cornell University, Ithaca, NY, March 2019
"Mathematics and the Rubik’s Cube and Other Twisty Puzzles"
Cornell University, Ithaca, NY, March 2019
"Spectral Theory for Random Unitary Matrices"
Baylor University, Waco, TX, April 2019
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Chad Topaz
"A Topological View of Collective Behavior"
SIAM Conference on Applications of Dynamical Systems, Snowbird, UT, May 2019
"Diversity Through a Data Science Lens"
MAA Northeastern Section Meeting, Fitchburg, MA, May 2019
Middlebury College, April 2019
"Swarms, Models, and the Unreasonable Effectiveness of Mathematics"
Virginia Commonwealth University, April 2019
Roger Williams University, April 2019
"Topological Data Analysis of Collective Dynamics"
McGill University, February 2019
"Using Topological Data Analysis to Assess a Biological Model"
Joint Mathematics Meetings, Baltimore, MD, January 2019
"Gender Diversity in Mathematics through a Data Science Lens"
Joint Mathematics Meetings, Baltimore, MD, January 2019
Laurie Tupper
"Depth-Based Clustering for Multivariate Time Series With Applications in Wind Energy"
Joint Statistical Meetings, Vancouver, BC Canada, August 2018
Daniel Turek
"Applied Bayesian Computation: The NIMBLE Platform"
Workshop, Valencia International Bayesian Analysis Summer School, Valencia, Spain
"Efficient MCMC for Spatial Population Modeling"
Joint Statistics Meetings, Vancouver, Canada
"Efficient MCMC for Spatially Explicit Capture-Recapture"
International Statistical Ecology Conference, St. Andrews, Scotland
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Neuroscience Program
The Neuroscience program continues to attract a talented set of concentrators with outstanding courses
including both core requirements and a strong slate of
electives. The faculty are drawn from the Biology and
Psychology Departments, reflecting the range of topics
under the Neuroscience umbrella. In Fall 2018, Heather
Williams and Matthew Clasen co-taught the core Neuroscience (NSCI 201) course. Clasen also taught Drug
Addiction and Obesity (NSCI 314), which included an
advanced laboratory. Matt Carter taught the advanced
elective Neural Systems and Circuits (BIOL 311). Amie
Hane taught Early Experience and the Developing Infant
(PSYC 335). Noah Sandstrom taught the advanced laboratory elective Hormones and Behavior (PSYC 315).
Betty Zimmerberg taught Nature via Nurture (NSCI
317), a tutorial with an advanced laboratory component.
Martha Marvin taught the core labs, and supported many
aspects of the program.
Students conducted research with Neuroscience faculty, exploring topics such as the effect of diet on drug
seeking behavior in rats (Matt Clasen) and the effect
of mild traumatic brain injury on learning and memory
(Noah Sandstrom). For details, see the faculty descriptions within Biology and Psychology. Eleven graduating
seniors completed the Neuroscience concentration. Five
completed senior honors theses in Neuroscience; two
concentrators completed honors theses in Biology.
Anna Leonard was awarded the 2018 Patricia Goldman-Rakic prize for her demonstrated exceptional
achievement in research within the field of neuroscience.
Eleven students participated in the Neuroscience Class
of 1960 Scholar program. The Neuroscience program
sponsored three outside faculty speakers this year. Dr.
Eric Fish, whose work examines environmental and genetic factors that shape vulnerabilities to alcohol use and
abuse in rodent models, gave a colloquium followed by
a dinner with students and faculty. Dr. Shivon Robinson,
who will be joining our faculty in July 2019 as a new
Assistant Professor, spoke to students in the Introductory Neuroscience class about her research regarding early life opioid exposure and the mechanisms underlying
the effects of such exposure. Dr. Joseph Bergan, is using
neuro-genetic and electrophysiological tools to explore
the circuitry and mechanisms underlying social behavior. His talk was jointly sponsored by the Department of
Biology.

Class of 1960s Scholars in Neuroscience
Olivia Barnhill
Avital Lipkin
Young Cho
Sehwheat Manna
Erin Cohn
Kenechukwu Odenigbo
Haelynn Gim
Chanel Powell
Jessica Kim
Benjamin Wipper
Anna Leonard
Recent graduates Dr. Joe Boivin ’09 and Dr. Laurel
Hamers ’14 each returned to campus to meet with current seniors to discuss their career paths and the ways
in which their Williams experiences have factored into
those trajectories. These visits were highlights of the
401 capstone seminar, which afforded students the opportunity to get honest insights into graduate studies
in Neuroscience and begin thinking about whether it
might be right for them.
During the summer of 2018, a group of students visited
the MIT museum in Cambridge to view the neuroanatomy drawings of Nobel Prize-winning neuroscientist
Ramon y Cajal. This was a wonderful day of learning
and conversation and a beautiful connection to the history of neuroscience for the students. For Brain Awareness week, Professor Sandstrom and Dr. Marvin visited
Williamstown Elementary School for a presentation
about brain health. The 6th graders showed off what
they learned by coloring swim caps with the lobes of
the brain, and by looking at (and touching!) a plastinated human brain.
Professor Hane maintains a Facebook page for the Neuroscience Program; it can be viewed at https://www.
facebook.com/Williamsneuro, and provides information and pictures about activities such as brain awareness week, thesis presentations, and other neuroscience
events and information.
Lecturer Martha Marvin teaches the laboratories for
Neuroscience (NSCI 201). She co-taught her Winter
Study course, Project BioEyes, which for the past ten
years has brought Williams students to teach genetics
and development with live zebrafish to 3rd graders at
local elementary schools. This year Project BioEyes
served Williamstown, Lanesborough, and Brayton
(North Adams) schools for one week each. In conjunction with the Center for Learning in Action (CLiA),
Project BioEyes expanded to schools in Pittsfield,
Hancock and Pownal. Dr. Marvin mentored two hon75

ors students and six research assistants. Research in the
Marvin lab investigates aspects of zebrafish development, including the response to stresses that activates
the hormone cortisol, and the effect of endocrine disruptors on the development of the cardiovascular system.
Sonya Jampel ’19 expanded the lab’s previous work
demonstrating that estrogen adversely affects heart
valve morphogenesis in developing fish, using rigorous
statistical analysis and exploring the signaling pathways
involved in this process. Rodsy Modhurima ’19 continued her work on the development of the glucocorticoid stress response system. Rodsy created a line of

fish with a deletion in the gene encoding fkbp5, a protein that moderates the cortisol response. In the lab of a
Karl Clark at the Mayo Clinic, Rodsy assayed the startle
response of fkbp5 mutants and their wild type siblings,
and found that there were significant changes in certain
stress responses in the mutants.
For information about other activities of Neuroscience
faculty, please see the sections in their home departments: Biology for Carter, Lebestky and Williams, and
Psychology for Hane, Sandstrom, Williamson, and Zimmerberg.

Neuroscience Colloquia
Eric Fish, Bowles Center for Alcohol Studies, University of North Carolina-Chapel Hill.
"Environmental and Genetic Vulnerabilities to Alcohol: Fighting, Feeling Good, and the Fetus", Mar. 4, 2019
Shivon Robinson '11, University of Pennsylvania
"Opioids and the Opioid Epidemic", November 20, 2018
Joseph Bergan, University of Massachusetts at Amherst
"Dynamic Neural Representations of Social Behavior", April 12, 2019

Adult Zebrafish (Danio rerio) from the lab of Martha Marvin.
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Physics Department
The Department of Physics has experienced significant
change in the past few years, with the departure of Sarah
Bolton in 2016 (to President of the College of Wooster),
the retirements of Jeff Strait and Bill Wootters in 2017,
and the departure of Swati Singh this past year (to the
University of Delaware). These transitions, combined
with the expectation of our valued colleague Kevin
Jones’s retirement, have stimulated transformation within the department. We welcome the new faces and directions for the department, most recently with the arrival
of Graham Giovanetti, an experimental particle physicist
coming from Princeton University. We are also grateful
for the joint appointments of Kevin Flaherty and Anne
Jaskot ‘08 from Astronomy, and the continued presence
of Visiting Professor Savan Kharel, a particle physicist
who joined us in 2018 from a postdoctoral position at
Yale University. We are also pleased to have Brough
Morris continue as an Assistant Laboratory Instructor
with Kevin Forkey, our longtime master technician of
classroom demos and laboratory equipment. Supporting
us all is the dedicated work of Michele Rech.

patent pending on a method to optimize gene sequences
to increase protein yield. In Summer 2018, Matt Newman ’20, Geoffrey Lu ’20, and CS Prof. Bill Jannen have
been collaborating on modeling RNA refolding kinetics.
He and Maddie Hurwitz ’21 developed a mathematical
model of PCR reactions. Qiyuan Hu ’20, Tarun Yadav
’21, and Sakim Aleem ’21 join the lab in Summer 2019.
Aalberts also did science outreach presentations for the
Williamstown Elementary School.
During 2018-19 Assistant Professor Charlie Doret
taught at both ends of the curriculum. In the fall Doret
team-taught Quantum Physics (PHYS 301) with Professor Kevin Jones (who handled the course laboratories).
The spring saw Doret teaching a new take on Foundations of Modern Physics (PHYS 142), eschewing a
traditional lecture for one day each week to work more
closely with small groups of students on guided problem
solving.

On the teaching front, we continued to offer a variety
of elective courses in addition to our core curriculum.
In the past academic year these electives included a
non-majors course on Energy, Science, and Technology,
upper-level tutorials in classical and quantum mechanics, as well as a course bridging philosophy and physics
and the implications of modern physics. We also continued to run a dynamic colloquium series (joint with
Astronomy), which this year included a Phi Beta Kappa
Visiting Scholar Alán Aspuru-Guzik (from the University of Toronto) and award-winning science journalist
Marcia Bartusiak.

In the laboratory Professor Doret continued to work towards building a trapped ion quantum simulator. Doret’s
laboratory traps calcium ions; these ions can be exquisitely controlled using lasers and electric fields, allowing them to be used as tools to emulate the behavior of
more complicated quantum systems of interest. One particular focus of the group is trying to better understand
thermal conductivity at the nanoscale, relevant both to
quantum information processing with trapped ions and
for understanding power dissipation in microelectronic
devices. Of late, however, the Doret laboratory has been
working on a series of precision measurements of isotope shifts in the forbidden 2S1/2 → 2D5/2 and 2S1/2
→ 2D3/2 transitions in Ca+. After completing the move
from the Bronfman Science Center to the new South
Science Building in summer 2018, the lab was able to
complete the first of these measurements. This work,
which has been funded by continuing support from the
Research Corporation’s Cottrell Scholar Award and a
grant from the National Science Foundation, formed the
centerpiece of the thesis of Felix Knollmann ’19 and was
recently submitted for publication in Physical Review A
with Felix, Ashay Patel ’18, and Doret as coauthors. Felix is now headed off to work as an associate scientist
with the Ion Storage Group at NIST in Boulder, CO.

Professor Daniel Aalberts taught a Classical Mechanics (PHYS 411T) tutorial, Mathematical Methods for
Scientists (PHYS/MATH 210), and Condensed Matter
Physics (PHYS 451). Aalberts and collaborators have a

Over the course of the year Felix was joined in the lab
by Paige Robichaud ’21 and Christopher Chung ’22.
Paige spent Winter Study working on a variety of projects including the design of a new circuit to be used in

Research with students is a central activity of physics
department faculty. In the summer of 2018, 24 students
did research with physics faculty, and 23 are currently involved in departmental research in the summer of
2019. Numerous other students did research during the
academic year, some as part of a senior honors thesis.
The research activities of our faculty and students focus
on diverse topics in both experimental physics (atomic,
hard, and soft condensed matter) and theoretical physics
(biophysics, particle physics, and quantum information).
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the lab’s laser control electronics. Christopher worked
throughout the academic year on hardware that allows
the laboratory to take data in a way which is less sensitive to magnetic field noise. Paige is continuing in the
laboratory in summer 2019, working alongside incoming thesis student Jacob Lezberg ’20 to continue isotope
shift measurements while also setting up a new ion trap.
During the year Doret attended two conferences. The
first, the American Physical Society’s Division of Atomic, Molecular, and Optical Physics Conference in Milwaukee, WI, saw its usual significant representation
from Williams, including Doret, Professor Tiku Majumder, and alumni ranging from the classes of ’02 to
’17. For the second, the North American Conference on
Trapped Ions in College Park, MD, Doret was joined by
Felix Knollman, who presented a poster on his isotope
shift measurement.
Assistant Professor Kate Jensen enjoyed a busy and
productive second year at Williams. She taught Mechanics and Waves (PHYS 141) and an independent study
course on Soft Matter Physics in the fall, and Vibrations,
Waves, and Optics (PHYS 202) in the spring. Jensen
also launched a new Winter Study course that drew
students from all around the college: The Way Things
Work (PHYS 16), a hands-on exploration of the inner
workings of everything from everyday devices to the
campus’s Central Heating Plant. Designing and creating was also an emphasis of the course; in addition to
individual or small-group final projects, the entire class
teamed up mid-term to engineer a large, wall-mounted
kinetic sculpture. The Way Things Work’s Ball Run was
featured on the Williams College Instagram in January (https://www.instagram.com/p/BsnkNPMlJ4W/),as
well as in a recent video about Winter Study at Williams
(https://youtu.be/p0awEBTv8Uc).
The research in Jensen’s growing Materials Physics Lab
focuses on understanding the mechanics of soft materials and interfaces. Seventeen Williams students contributed to research efforts in Jensen’s laboratory in the
past year, working to understand the physics underlying
soft adhesion and expanding into new projects including
exploring the behavior of leaking fluid flows, transformations in colloidal crystals, and the evolutionary adaptations of plants to interact with water surfaces. Jeremy Thaller ’19 completed the lab’s first senior thesis,
entitled Toward An Adhesion Based Measurement of
Strain-Dependent Surface Stress in Soft Solids. Minwoo
(Josh) Kang ’20, Abdullah Nasir ’20, Eshaan Patel ’21,
Aidan Ryan ’21, Adam Dionne ’22, Hyeongjin Kim ’21,
Joey Headley ’21, Bariki Innis ’21, Aidan Duncan ’23,
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Justin Berman ’21, Heather Kurtz ’20, Caroline Tally
’21, Declan Daly ’20, Anneliese Silveyra ’21, and Nick
Patiño ’21 also contributed significantly to research in
the lab. Anneliese’s experimental work at the intersection of botany and fluid physics, co-advised with Professor Joan Edwards, was recently featured in the summer issue of the Williams Magazine (“Tiny Plants, Big
Answers”). Both Nick and Anneliese were selected as
Allison Davis Research Fellows in Spring 2019. Most
recently, Edgar (Zed) Lyons ’20 rejoined the lab after a
semester abroad to start a combined theory and experiment senior thesis co-advised with theoretical physicist
Tim Atherton at Tufts.
The Jensen Lab published its first research article in the
Emerging Investigators 2019 special issue of the journal
Soft Matter, featuring three student co-authors: Justin
Berman ’21 (first author), Jamie Nichols ’21, and Aidan
Duncan ’23. The paper reported and described a new
space-time singularity in the extreme mechanics of adhesive detachment. Jensen also co-authored another Soft
Matter research article in collaboration with theory colleagues at Cornell.
Professor Jensen also stayed active on and off campus
by giving several invited talks at various institutions,
reviewing a dozen grant proposals for the National Science Foundation, organizing a focus session on “Soft
Interface Mechanics” at the APS March Meeting, and
serving as a panelist at the APS Conference for Undergraduate Women in Physics. Six students joined Jensen
in attending the annual March Meeting of the American
Physical Society in Boston, at which Heather Kurtz, Justin Berman, and Jeremy Thaller presented research talks.
Kevin Jones ‘77, McElfresh Professor of Physics, continues to do research with a group at the Joint Quantum
Institute on the campus of the University of Maryland.
The Institute is a collaborative venture between the National Institute of Science and Technology and the University of Maryland. The Laser Cooling and Trapping
group in which Jones is a visitor is headed by Nobel
Laureate William Phillips. During the summer of 2018
Kwasi Fahie ’20 joined the effort and worked on a classical optics project associated with the quantum optics
experiments that are the mainstay of the research subgroup headed by Dr. Paul Lett.
In collaboration with post-docs and graduate students in
the group Jones is exploring the limits of optical measurements set by quantum mechanics and ways in which
one can manipulate the quantum state of laser light to exceed the sensitivity achievable by using “ordinary” laser
light. Projects currently underway include a study of the

way information transmission is effected by an optical
amplifier operating near the limits set by quantum mechanics. Over the past several years the group has developed techniques for achieving in the lab devices which
closely approximate ideal quantum-limited amplifiers
for light. This has permitted a series of experiments exploring the properties of such amplifiers. Also underway
at the moment is an experiment clarifying the challenge
to fully measuring the quantum states (“squeezed light”)
produced by the particular kind of optical amplifiers developed in the group.
In the Fall of 2018 Jones again taught a course Energy
Science and Technology (PHYS 108) aimed principally
at students majoring outside of physics. The course continues to attract students with a wide diversity of backgrounds and interests. Their choice of final reflected this
diversity and included Public Transit in Rural Berkshire
County, Prospects for Algal Biofuels, Energy Use by
Football Stadiums and Electricity Generation in Kenya.
Jones also taught the laboratory portion of the junior level quantum class. This lab serves as our “advanced lab”
course. Jones is starting on a three year phased retirement and spent spring 2019 doing research at the JQI.
Assistant Professor Catherine Kealhofer’s research focuses on the development of tools to generate, manipulate, and characterize ultrafast electron pulses. Ultrafast
electron pulses are extraordinarily short pulses of electrons that could extend electron microscopy techniques
to study processes that happen very fast—for example,
to make a “movie” of how atoms in a crystal rearrange
during a phase transition.
Professor Kealhofer’s lab is currently building an ultrafast electron diffraction instrument based on such an ultrafast electron source. Many students have contributed
to the construction process. In the last year (since moving to the new South Science building), Abdullah Nasir
’20 and Patrick Postec ’21 designed the ultrahigh vacuum system for the electron beam. Thesis student Iona
Binnie ’19 built most of this system, and designed and
manufactured etched nanoemitter electron sources. Iona
also built a prism compressor to control the ultrafast
optical pulses used in the experiment, building on prior ultrafast optics work by the lab’s first thesis student,
Emily Stump ’18. The group was lucky enough to have
Emily stay for summer 2018, where she was invaluable
in setting up the lab following the move and passing on
her accumulated knowledge. Both Iona and Emily are
starting PhD programs in Physics in Fall 2019.
Summer 2019 students Ilana Albert ’21 and Joshua
Reynolds ’21 have been simulating electron optics with

the goal of optimizing time-resolution of the instrument.
This work will be used as the basis of the electron optics
design. Heather Kurtz ’20 has taken the lead on learning to make thin samples of graphite (using the famous
“sticky-tape” method). In their quest to characterize
samples, Heather, Ilana, and Josh have explored many of
the microscopy tools available on campus, including the
college’s electron microscopes and atomic force microscopes as well as optical microscopes in the Jensen lab.
Heather will continue this work in the coming year as
part of her honors thesis, with the aim of preparing thin
samples of graphite and other 2D materials for ultrafast
electron diffraction. During the 2018-19 academic year,
Jacob Lezberg ’20, Declan Daly ’21, Justin Berman ’21,
and Sophia Millay ’21 worked on a variety of smaller
projects connected to building the lab and developing
simulation code for future experiments.
Professor Kealhofer taught Introduction to Electricity
and Magnetism (PHYS 201) in the Fall, and a tutorial,
Applications of Quantum Mechanics (PHYS 402T), in
the Spring. She gave an invited talk at the workshop,
Frontiers in Quantum Control of Free-Space Electrons,
sponsored by the Moore Foundation. She was a coauthor
on the paper, “Electron energy analysis by phase-space
shaping in THz field cycles” with Dominik Ehberger
and Peter Baum of the Ludwig Maximilian University,
Munich and the Max Planck Institute of Quantum Optics, which was published in the journal Structural Dynamics in August 2018.
Professor Tiku Majumder returned to the department
in the summer of 2018 after a short stint as the College’s
Interim President. He returned to his new laboratory in
the just-opened South Science Building (SSB), worked
with postdoc Dan Maser, and mentored two sophomores, Gabriel Pattenote ’21 and Sameer Khanbhai
’21 through the summer and during the school year. He
taught Thermal and Statistical Physics (PHYS 302) to
a group of juniors and seniors in the Spring of 2019.
He also returned to his role as Science Center Director,
overseeing budgets, the summer science research program, and other activities in the science center. He continued working with construction and facilities teams as
faculty settled into their new labs and offices in the SSB,
and continued planning and design discussions on the
North science building, now in mid-construction.
Postdoc Daniel Maser, who arrived in 2017, worked
closely with a number of students in the group, especially during Professor Majumder’s time in the President’s
office. Dan has accepted a tenure-track faculty position
at Connecticut College and will be departing Williams
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this summer to start this exciting new chapter of his career. We will miss Dan, but wish him the very best.
The group has been supported for two decades by generous funding from the National Science Foundation, the
latest $365,000 3-year grant just having been awarded
in summer 2019. The Majumder lab continues to pursue high precision measurements of atomic structure of
heavy metal elements such as lead and thallium. These
measurements test state-of-the-art calculations of atomic
structure in these multi-electron atoms, and are essential
in supporting ‘table-top’ tests of fundamental physics
of the sort normally associated with elementary particle
theory and high-energy accelerators. This past year, the
group completed a measurement of a highly-forbidden
transition in lead using a heated vapor cell and an ultra-high-resolution technique to measure the tiny optical
rotation of light as it interacts with matter. This work
is being written up for publication with theoretical colleagues, as well as former thesis students Bingyi Wang
’18, and Eli Hoenig ’17 as co-authors.
During the summer of 2019, Majumder will be supervising the laboratory work of rising senior and beginning
thesis student Abdullah Nasir ’20, as well as rising juniors Declan Smith ’21 and Duncan McCarthy ’21.
Associate Professor Frederick Strauch taught Seminar
in Modern Physics (PHYS 151) in the Fall of 2018, and
in the Spring of 2019 he co-taught with Keith McPartland from Philosophy Philosophical Implications of
Modern Physics (PHYS 312). He competed his first full
year as chair of the department, and was asked by President Maud Mandel to serve on the Ad Hoc Committee
on Inquiry and Inclusion during the Spring of 2019. This
important committee, chaired by Jana Sawicki in Philosophy, recently completed its recommendations for how
Williams can demonstrate its full commitment to both
intellectual freedom of inquiry and efforts to promote
an inclusive community. He also joined the nascent Science and Technology Studies program after organizing a
group of faculty in the Fall to read together from and engage on campus with Steven Pinker and his recent work
Enlightenment Now: The Case for Reason, Science, Humanism, and Progress.
Strauch continued his theoretical research in superconducting quantum circuits, quantum algorithms, and other applications to quantum information processing. His
most recent work has addressed novel ways to encode,
manipulate, and readout information in superconducting
resonators, advanced coupling schemes for quantum circuits, as well as general topics in quantum information
and dynamics. During the academic year, he worked
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with Justin Berman '21 to extend the thesis work of
Sam Alterman '18 on environmentally-assisted quantum
transport in networks to general initial states. In addition, Strauch was supported by a grant from the Army
Research Office for the study of "High Fidelity Quantum
Logic Operations with Parametrically Coupled Transmon Devices," and is working with Hyeongjin Kim '21
during the Summer of 2019 to analyze generalized swap
gates for quantum logic. Finally, Mariam Ughrelidze '20
will be continuing her summer work with Strauch for a
senior thesis analyzing the operator structure of higherdimensional Bell inequalities.
Professor David Tucker-Smith continued his research
in theoretical particle physics while on sabbatical. His
recent focus has been on developing and studying testable models of baryogenesis, which attempt to explain
the matter-antimatter asymmetry in the universe. In September, 2018, he participated in a workshop at the Aspen Center for Physics, Understanding the Origin of the
Baryon Asymmetry of the Universe. During the summer
of 2018, Tucker-Smith worked with summer students
Ian Banta ’19 and Mariam Ughrelidze ’20 on aspects
of baryogenesis. During the academic year, Ian continued his research, culminating in a senior honors thesis
on the dynamics of the electroweak phase transition in
singlet extensions of the Standard Model. Ian will begin
in the PhD physics program at UC Santa Barbara in the
fall. During the summer of 2019, Tucker-Smith is working with two more students, Justin Berman ’21 and Declan Daly ’21, on a theoretical framework that connects
baryogenesis and dark matter.
In his current research, Professor Emeritus Bill Wootters has revisited the “Scrooge distribution,” a probability distribution over quantum states whose defining
property is its extreme stinginess with information.
Since its introduction in 1994, the Scrooge distribution
has always been regarded as a purely quantum mechanical concept. This year Wootters found a classical interpretation of the Scrooge distribution viewed as a distribution over a classical probability space: it turns out
that in a certain classical communication scenario, the
Scrooge distribution emerges, somewhat paradoxically,
as the optimal distribution for conveying information.
In the spring, Wootters taught a six-lecture course, “The
Speed of Light,” for the Osher Lifelong Learning Institute. The course began with a short history of conceptions of light, going back to the philosophers of ancient
Greece, and it culminated in asking whether the speed
of light can be understood as a speed limit for information. (Currently there is not universal agreement among

physicists and philosophers as to whether information
propagates superluminally in nature.)
Also in the spring, Wootters served as the outside examiner for an honors student at Kenyon College, and he

attended the March meeting of the American Physical
Society, where he was pleased to see quite a few Williams alums and to hear talks by three current Williams
students.

Known Post-Graduate Plans of Physics Majors
Ana Alvarenga
Ari Ball-Burack
Ian Banta

Investment banking analyst, Intrepid Investment Bankers in Los Angeles, CA
Masters in Computer Science, Cambridge University
PhD in physics at UC, Santa Barbara

Physics Colloquia
[Colloquia are held jointly with the Astronomy Department.]
Alan Aspuru-Guzik, University of Toronto
"Quantum Computing: Today and Tomorrow"
Marcia Bartusiak, MIT Science Writer
"Dispatches from Planet 3 "
Jaime Cardenas, University of Rochester
"Next Generation Integrated Photonics: Towards an Integrated Quantum Optoelectronic Circuit"
Moumita Das, RIT
"Mechanical structure-function properties of cells and tissues"
Ivan Deutsch, University of New Mexico
"Breaking Heisenberg: Controlling the Quantum World"
Candice Etson, Wesleyan
"Using Single-Molecule Imaging to Investigate Protein-DNA interactions"
Seth Fraden, Brandeis
" Engineering reaction-diffusion networks"
Sara Hashmi, Yale
"Nanoscale Properties Control Bulk Dynamics"
John Hearnshaw, Canterbury U, New Zealand
"Angelo Secchi and his contemporaries: the dawn of stellar spectroscopy and spectral classification"
Kate Jensen
"How Sticky Stuff Stays Stuck"
Summer Talks June 2018
Catherine Kealhofer
"Ultrafast electron diffraction: Illuminating the fast and the small"
Summer Talks July 2018
Brian Keating, UC San Diego
"Fundamental Physics from the Cosmic Microwave Background"
Michael Littman, Princeton
"Digital design, analysis, and manufacturing for the 21st century"
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Michael Murrell, Yale
"Work and Dissipation in the Cell Cytoskeleton"
Crystal Noel, UC Berkeley
"Ion Traps for Quantum Computing"
Jenny Ross, UMass Amherst
"Self-Organized Cellular Structures"
Nathan Schine ’13, University of Chicago
"Materials Made of Light"
Jared Strait ’07, NIST
"How a Simple Metal Feels Radiation Pressure: Apparently, Not So Simply"
Marcelo Terra Cunha, University of Campinas, Brazil
"A simple proof of quantum contextuality!"
Kelsey Theim, University of Massachusetts Amherst
"Challenges facing Women in STEM: Understanding and Overcoming Stereotypes and Bias"
Kimberly Ward-Duong, Amherst College
"The Companions and Environments of the Lowest-Mass Stars"
Thomas Weinacht, Stony Brook
"Time Resolved Spectroscopy of Molecular Dynamics"
Samantha Weiss, MIT Lincoln Lab
"A Meandering Story of River Mathematics"
Ian Eisenman, ’99, UCSD
"The Stability of the Arctic Sea Ice Cover"

Iona Binnie '19 working on a vacuum pump in the lab of
Assistant Professor Catherine Kealhofer.
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Off-Campus Physics Colloquia
Kate Jensen
"Soft Interface Mechanics"
Mechanical and Aerospace Engineering Colloquium, Cornell University, September 2018
Condensed Matter & Biophysics Seminar, Department of Physics, Brown University, October 2018
Mechanics Seminar, Department of Mechanical and Industrial Engineering, Northeastern University, November 2018
"The Intriguing Mechanics of Soft Interfaces"
Physics Department Colloquium, UC Davis, January 2019
Condensed Matter Seminar, Department of Physics, UMass Amherst, February 2019
Physics Department Colloquium, Clark University, March 2019
Physics Department Colloquium, Wesleyan University, April 2019
Catherine Kealhofer
" Next-generation ultrafast electron sources"
New Laser Scientists Conference, Washington, DC, September 2018
"Terahertz control of electrons"
Frontiers in Quantum Control of Free-Space Electrons, Sausalito, CA November 2018
" Generating and controlling ultrafast electron pulses for time-resolved electron diffraction"
Physics Colloquium, Bates College, January 2019
"Generating and controlling electron pulses for ultrafast electron diffraction"
AMO Semincar, University of Connecticut, March 2019
Tiku Majumder
" High-precision Spectroscopy of Heavy Atoms"
Yale University, Atomic Physics group seminar, October 2018
Bill Wootters
"A curious correspondence between quantum mechanics and statistical mechanics"
University at Albany, physics colloquium, November 2018
"John Wheeler’s Course, Theory of Measurement, 1977-1978"
March meeting of the American Physical Society, Boston, March 2019
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Psychology Department
The psychology major at Williams College attracts a
large number of students with diverse interests, goals,
and backgrounds. Our students follow a curriculum that
teaches them not only about what we know about mind
and behavior, but also about how we know it, using experiential teaching as our core pedagogy. Students learn
to use the methods of scientific inquiry to critically evaluate information, generate new knowledge and imagine
its implications and applications in the world. They take
a range of courses spanning the sub-disciplines of neuroscience, cognitive, clinical, developmental, and social
psychology, as well as the psychology of education.
Psychology faculty work closely with several interdisciplinary programs, including Neuroscience, Cognitive
Science, Program in Teaching, Justice and Law, Women's, Gender, and Sexuality Studies, and Public Health.
Psychology students have multiple opportunities to conduct research collaboratively with professors. Some of
these are empirical projects conducted within required
300-level lab courses, some are in work-study or research assistant positions, and some as independent
research projects and senior honors theses. In 2018-19,
14 students completed honors thesis research under the
direction of Psychology faculty. Their projects are listed in the Student Thesis Abstracts section of this report.
Department events this year included student/faculty/
family picnics, evening programs on “Graduate Study
in Psychology,” “Careers in Psychology,” and "How
Psychology Professors First Got Interested in Psychology," and a reception to celebrate senior honors theses
presentations. Our student liaison committee met to discuss departmental policies, ideas for future courses and
approaches, and ways of connecting more psychology
students with each other and with the faculty outside of
the classroom and laboratory.
To encourage students to explore careers in psychology, the Class of 1960 Scholars Program brought accomplished researchers from universities to campus to give
colloquia. The junior and senior 1960 Scholars read the
speaker’s work and then joined the speaker and faculty
for a reception and dinner afterward. This year marked
the tenth year of the G. Stanley Hall Prize in Psychology, funded by a generous gift from the Chuzi family,
parents of Sarah Chuzi ’07, and given at graduation to a
student who has demonstrated exceptional achievement
in psychology. We were happy to award the prize to Jessica Muñoz ’19 for her outstanding thesis and contribu84

tions to teaching and departmental life.
The Psychology Department benefited greatly by having four visiting faculty this year: Amanda Bergold '09
(teaching in social psychology), Matt Clasen (teaching
in neuroscience), Nicole Harrington (teaching in clinical
psychology), and Dan Norton (teaching in clinical psychology). Amanda and Dan both accepted tenure-track
jobs in positions at other schools, and although we are
all going to miss them, we are very proud that they were
able to secure such great and more permanent positions
after their very successful time teaching at Williams.
Through all of these activities, we could not function
without the invaluable help of Christine Russell, Department Administrative Assistant, and C.J. Gillig, Psychology Department Technical Assistant. Their wisdom and
cheerfulness, as well as ability to step in, often at the last
minute, to support our work is well-known to students
from Introductory Psychology through senior honors
theses students, and they help keep our large department
feeling friendly and accessible. They are deeply appreciated by faculty as well.
We are thrilled to have two new assistant professors join
the department beginning July 2019. This year we hired
Eliza Congdon, who specializes in developmental psychology, and the previous year we hired Shivon Robinson ‘11, who was a member of the Williams College
Class of 2011 and spent this past year completing her
post-doc in neuroscience at the University of Pennsylvania.
Last year as these paragraphs were being typed, the
long-time home of the Psychology Department at Williams, the Bronfman Science Center, was in the process
of being reduced to rubble. The College is in the process
of building a new science building, which will replace
Bronfman, and from the summer of 2017 through the
fall of 2020, the psychology department offices and labs
are housed in a temporary building on Stetson Court,
which we have begun to get comfortable with. As these
words are being typed this year, we can see the steel
frame of the new science building begin to climb up and
announce its presence — and the promise of more to
come — to the neighboring buildings on the Science
Quad. We are excited to watch this building take shape
and eventually house us in early 2021.

Class of 1960 Scholars in Psychology
Campbell Day ‘20
Ben Morton ‘19
Ashraf Farhoud ‘19
Jessica Munoz ‘19
Caitlan Fealing ‘19
Alice Obas ‘19
Haelynn Gim ‘19
Linda Zeng ‘19
Rachel Levin ‘19
Visiting Assistant Professor Matthew Clasen finished
his first year in the Psychology Department and Neuroscience Program at Williams College. In addition
to teaching Introduction to Neuroscience (NSCI 201)
and Perspectives on Psychological Issues (PSYC 401)
in the fall and Drug Addiction and Obesity: Tales of a
Disordered Brain (PSYC/NSCI 314) in the spring, Professor Clasen built his laboratory and began a number
of undergraduate led research projects. Using an intravenous self-administration (IVSA) paradigm, and rats
as a model organism, Professor Clasen’s lab explores
the similarities and interactions between excessive food
and drug intake, creating multiple current programs of
research. The first program of research, being led by
thesis student Emily Chang ’20, evaluates the impact of
long-term Western diet (WD; i.e., a diet that contains
high levels of saturated fats, carbohydrates, and refined
sugars) consumption on the IVSA of the commonly
abused opiate oxycodone. This current work follows
recent research from the Clasen Laboratory published
in Experimental and Clinical Psychopharmacology (accepted April 2019) which found that WD consumption,
initiated during adolescence and continuing throughout
adulthood increases the likelihood of compulsive cocaine IVSA and cocaine-induced overdose death. In addition to shedding light on the factors that increase the
likelihood of drug use and abuse, this research suggests
that foods which represent the WD might exacerbate the
rapid increase in psychostimulant (i.e., cocaine, methamphetamine, amphetamine, etc.) overdose deaths and
could possibly play a role in the current opioid epidemic.
Professor Clasen’s second program of research explores
the use of liraglutide, a long-term glucagon-like-peptide-1 (GLP-1) agonist, as a potential treatment for oxycodone use and abuse. Pharmaceutical drugs designed
to enhance the glucoregulatory actions of the incretin
hormone GLP-1 (i.e., liraglutide), have been shown to
reduce food intake and adipose tissue in both preclinical
and clinical populations, while producing long term improvements in cardiovascular health. Following this initial research investigating the role of the GLP-1 system
in food intake and body weight regulation, researchers
studying drug dependence hypothesized that GLP-1 agonism might also decrease the consumption of abused

drugs given that the modulation of other peptide systems
known to regulate food intake, also regulate drug intake.
Interestingly, these researchers found that peripheral administration of GLP-1 agonists reduces alcohol and cocaine intake in male mice and rats, respectively. While
these preliminary investigations suggest that long-term
GLP-1 agonism reduces drug intake, additional research
is required to evaluate whether this system modulates
the intake of other abused drugs (i.e., opioids, nicotine,
psychostimulants, cannabinoids, etc.) and whether males
and females differ in the magnitude of these effects. To
help elucidate these issues, students in Drug Addiction
and Obesity: Tales of a Disordered Brain, conducted
an empirical study investigating whether the long-term
GLP-1 agonist liraglutide modulates the IVSA of oxycodone in male and female Sprague-Dawley rats.
Prior to conducting this research as a class, Professor
Clasen proposed this program of research to the Scientific Vice President and the Global Drug Discovery
team at Novo Nordisk, the pharmaceutical company that
produces liraglutide. After a very enthusiastic response
to the presentation, the Scientific Vice President and the
Global Drug Discovery team at Novo Nordisk requested to partner with the Clasen Laboratory to explore this
program of research and provided ~$60,000 in research
supplies to do so. After two months of behavioral testing, the students in PSYC/NSCI 314 found that liraglutide (10, 100, 250, 500, 1000 μg/kg; IP) dose dependently reduces oxycodone IVSA (0.056 mg/kg/infusion) and
that a single low-dose of liraglutide (250 μg/kg; IP) decreases the reinforcing properties of a number of doses
of oxycodone (0.01, 0.032, 0.1, 0.32 mg/kg/infusion) in
both male and female Sprague-Dawley rats. These recent data suggest that liraglutide might be a novel target
for the pharmacological treatment of oxycodone use and
abuse. Current thesis student Carl Porto ’20, will present this research at the annual meeting for the Society
for Neuroscience in October, 2019. In addition, and as
a follow-up to this initial research, Porto’s thesis will
investigate whether chronic liraglutide exposure influences a more compulsive form of oxycodone IVSA (i.e.,
the escalation of oxycodone IVSA in 6-hour behavioral
sessions). Future research using cutting edge techniques
(i.e., DREADDs) from the Clasen Laboratory, led by
Porto, will explore the role of GLP-1 receptors located
in hippocampus and prefrontal cortex (PFC) in drug intake as well. Clasen is currently preparing NIH grants
for each of the above described programs of research.
In addition to advising the above described research,
Professor Clasen also co-advised Anna Leonard’s ’19
thesis research exploring the impact of repeated trau85

matic brain injury (TBI) during adolescence on oxycodone IVSA during adulthood in male and female
Sprague Dawley Rats with Professor Noah Sandstrom.
Although the sample size (n = 5-6 per group) limits the
conclusion of this work, this preliminary research suggests that repeated adolescent TBI increases oxycodone
self-administration and severe neurodegeneration in
male and female adult rats, and that these effects might
be more pronounced in females. Anna will be presenting
this research at the annual meeting for the Society for
Neuroscience in October, 2019.
During this academic year, Professor Clasen submitted
and published a number of peer-reviewed journal articles. “Ad-Libitum High Fat Diet Consumption During
Adolescence and Adulthood Impacts the Intravenous
Self-Administration of Cocaine in Male Sprague-Dawley Rats” was published in the journal Experimental
and Clinical Psychopharmacology in April 2019 and
“Stereoselective Effects of the Second-Generation Synthetic Cathinone Α-Pyrrolidinopentiophenone (Α-PVP):
Assessments of Conditioned Taste Avoidance in Rats”
was published as part of an invited special issue in the
journal Psychopharmacology in March 2019. “Ad-Libitum High Fat Diet Consumption During Adolescence
and Adulthood Fails to Impact the Affective Properties
of Cocaine in Male Sprague-Dawley Rats” is currently awaiting its decision in the journal Experimental and
Clinical Psychopharmacology. Clasen was also invited
to co-author a review article in the Special Issue of “Effects of Palatable Diets on Cognition and Vulnerability to Addiction” in the journal Current Pharmaceutical
Design titled, “Obesity and Drug Abuse as Hippocampal-Dependent Phenomena,” with Dr. Anthony Riley
and Dr. Terry Davidson at American University.
Assistant Professor Jeremy Cone was on sabbatical for
the 2018-19 academic year, though he stayed in Williamstown for most of the year. He published five papers this
year, two of which include former Williams undergraduates as co-authors. It was particularly exciting to publish
“Matters Order” this year because it is the first paper to
come out of the lab that features a Williams student as
first author, Eva Fourakis ‘16. The studies reported in
this manuscript were designed and partially implemented during an independent study course that Eva and Professor Cone designed together in her senior year.
Cone also has an additional four papers under review
or under revision, three of which include a total of four
Williams undergraduate co-authors. He also wrote an
op-ed with Kathryn Flaharty ’18, and Melissa Ferguson
that appeared in CNN Business Perspectives in April
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that explored the role of fact-checking in combating
misinformation and fake news, based on the findings
in their paper published in Proceedings of the National
Academy of Sciences. He also appeared in a short segment on NPR on the role of gossip in everyday life in
connection with this paper.
Although he was on leave and had no students in the lab
in the Fall, Leah Majumder ’22 joined the lab for Winter
Study, helping to finish the final study in “Believability
of evidence matters for correcting social impressions.”
In the Spring, three new students joined the lab: Emily
McDonald ’19, Darcie Caldwell ’19 and Jennifer Hickey ’21, working on studies focused on the role of empathy in moral judgment, the role of causal attribution processes in impression formation and change, and several
projects exploring how explicit knowledge people have
of others’ behaviors can shape how they perceive their
facial characteristics.
One of the highlights for the ICE lab this year was the
International Convention for Psychological Science
(ICPS) in Paris, which four ICE lab members and alums attended and presented some of their work from the
lab. This was the first academic conference for Gabby
Gauther ‘17, where she presented a poster on her honors thesis work exploring whether people can accurately
detect a person’s trait and state levels of anxiety based
on a very brief snippet of their behavior. The conference
was also attended by Katie Flaharty ‘18, Grace Murray ‘20 and Shaheen Currimjee’s ‘20. Katie presented
her honors thesis work exploring how visual cues and
behavioral information interact to influence visual representations of someone’s face, while Grace and Sha
jointly presented a study they conducted as part of their
work as research assistants in the lab exploring the role
of empathy in how we visualize the faces of ingroup and
outgroup members.
Professor Cone also separately presented his research on
the role of intuition in decision-making at the Academy
of Management annual conference. The symposium was
selected by the conference organizers for the designation of “showcase symposium” which indicates it was
one of the top submissions for conference presentations.
He also presented his research at the Society of Experimental Social Psychology (SESP) annual conference
and gave invited talks at Connecticut College, Cornell
University, and Ghent University, Belgium.
For more information about the lab and current activity,
check out: http://jeremycone-icelab.com.

Last fall, Susan Engel published a new book, The Children You Teach: Using a Developmental Framework in
the Classroom (Heinemann Publishers). She wrote two
chapters for edited volumes, Why Should This Be So?
The Waxing and Waning of Curiosity, Interdisciplinary Approaches to Curiosity, Arjun Shankar and Perry
Zurn (Eds), and The Problems of Play, a Chapter for
The Cambridge Handbook of Play, Peter Smith and Jaipaul Roopnarine (Eds). She reviewed scholarly articles
for Psychological Bulletin, Science Education, Society
for Research in Child Development, Cognitive Development, Harvard University Press, Oxford University
Press and Teachers College Press, as well as research
proposals for the Templeton Foundation.
She gave a keynote presentation at a workshop on Higher Education in Bremen, Germany, and gave an invited
lecture, “Do Children Have Ideas?”, at American University in Washington, DC, and an invited lecture, The
Intellectual Lives of Young Children, at Waterloo University, Waterloo, Canada.
Susan supervised an honors thesis with Danielle Faulkner ’19, Does a Lack of Knowledge Prevent Young Children From Inventing when They Otherwise Could? The
study involved varying the kinds of knowledge children
might draw upon in an invention task, and was aimed at
finding out why it is very young children have trouble
innovating tools. She also supervised an independent
study with Whitney Sandford ’20 looking at the development of play during the early years. She and Whitney
traveled to the University of Waterloo to analyze a large
corpus of data on children’s interests, housed in the lab
of Daniela O’Neill.
She continues to serve on the board of Planet Word, a
new museum of language in Washington DC, and Math
Talk, an initiative designed by Omo Moses, aimed at encouraging families to talk about math with their toddlers
and preschoolers.
Professor Laurie Heatherington continued research
on change processes in psychotherapy, outcomes of residential treatment for major mental illness, and global
mental health. She supervised two senior honors students: Isabel Benjamin ’19, “What’s Age Got To Do
With It? Three Studies of Emotional Reactions to and
Treatment Propositions for Late-Life Depression,” and
Alexandra (Lesya) Melishkevich ’19, “Public Perceptions of a School Shooter: When a Shooter Profile Matters.” She presented, with Gabrielle Ilagan ’18 a talk,
“Who Cares? Or, Discounting Different Types of Evidence for a Racial/Gender Match in Psychotherapy“ at
the North American Society for Psychotherapy Research

conference in Snowbird, Utah, in November 2018 and
with Silvio Resuli ’16, a poster, “Active Concealment of
Sexuality by Queer Youths: The Role of Family Systems
Dynamics” at the Association for Psychological Science
Convention in Washington, DC, in May 2019.
Professor Heatherington served on the Editorial Boards
of Psychotherapy Research; Journal of Family Psychology; Psychotherapy: Theory, Research, Practice, and
Applications; and Journal of Clinical Psychology: In
Session, and as Chair of the Publications & Communications Board of the Society for the Advancement of Psychotherapy/Division 29 of the American Psychological
Association. She served on the Directors and Associates
Board, and chaired the Program Committee, of Gould
Farm, a treatment center/working farm in Monterey,
MA, which serves people with schizophrenia and other
serious mental illness. She continued directing a long
term study of treatment outcomes there. She conducted
an external review of the Psychology Department at St.
Mary’s College of Maryland in April 2019.
Professor Noah Sandstrom has continued his research
examining environmental and biological factors that
shape outcome following mild brain injuries. He and
Masen Boucher ’20 explored the potential protective and
restorative effects of dietary constituents with regard to
neural and behavioral outcome following repeated mild
traumatic brain injury in a rodent model. In a collaboration with Visiting Assistant Professor Matt Clasen,
he and Anna Leonard ’19 examined sex differences in
the effects of brain injuries on subsequent opiate self-administration in rats. The results of this project will be
presented at the fall meeting of the Society for Neuroscience society. Professor Sandstrom also continued his annual neuroscience outreach to local elementary schools.
Professor Catherine Stroud continued conducting a
longitudinal study examining biological, psychological,
interpersonal, and environmental factors that affect risk
for psychopathology among young adult women. During
the 2018-19 academic year, she conducted the study
alongside 9 students, including thesis students Rachel
Levin ’19 and Morgan Richman ’19 and independent
study students Erin Lamberth ’19 and Avital Lipkin ’19.
At the Annual Meeting of the Association for Behavioral
and Cognitive Therapies (ABCT), Stroud, Carey Marr
‘16, and her colleagues presented novel evidence that
serotonergic genetic risk interacts with early adversity
to predict stress generation. At the same conference, her
collaborative work demonstrating a link between dopaminergic genetic variation and sensation seeking in two
independent samples was also presented. In addition,
87

Stroud and her colleagues presented their work showing that the cortisol awakening response interacts with
serotonergic genetic risk to predict depressive symptoms. This paper was presented at ABCT and at the annual meeting of the Anxiety & Depression Association,
and subsequently published in Depression & Anxiety.
The paper won a national award from the Association
of Anxiety and Depression Association of America-the
2019 Donald F. Klein Early Career Investigator Award
(awarded to Vrshek-Schallhorn, first author).
Stroud’s collaborative work investigating the association
between parents’ interpersonal style and parent-child relationship quality was presented at the biennial meeting
of the Society for Research in Child Development, Baltimore, MD. she also published a first-author manuscript
in Psychoneuroendocrinology which provided the first
evidence that the cortisol awakening responses interacts
with acute interpersonal stress, but not acute non-interpersonal stress, in predicting depressive symptoms. This
paper built upon Emily Norkett’s ’14 thesis, and she was
a co-author on the paper. Along with her colleagues,
Stroud also co-authored a manuscript demonstrating
that serotonergic genetic variation interacts with acute
interpersonal stress to predict depressive symptoms;

this paper will be published in the Journal of Psychiatric Research. Finally, a meta-analysis which Stroud
co-authored last year in Psychological Review (Wilson,
Stroud, & Durbin, 2019) was recognized this spring in a
national award: the “Most Valuable Paper on Personality
Disorders” from the Journal of Contemporary Psychotherapy.
Betty Zimmerberg taught her laboratory-based tutorial
Nurture Via Nature (NSCI 317) this year, with students
exploring the interactive effects of genetic inheritance
and prenatal stress on behavioral development. She also
continued her research with research assistants Andrea
Orozco ’21 and Irfa Qureshi '22. Other professional activities included serving on the Editorial Board of Developmental Psychobiology, and reviewing manuscripts for
that journal as well as for other neuroscience journals.
Her colleague from the University of Vienna, Raffaela
Lesch, made several visits here to work with students
“tickling” rats and recording their vocalizations. She is
back in Vienna scanning their larynx cartilages. That research will be presented in summer 2019 at the International Bioacoustics Congress at the University of Sussex
in Brighton, England.

Carl Porto '20 and Jamie Nichols '21 working in the Clasen lab
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Known Post-Graduate Plans of Psychology Majors
Kristina Alvarado
Olivia Barnhill
Isabel Benjamin
Sebastian Black
Maya Bracy
Abby Brustad
Danielle Doliveira
Ashraf Farhoud
Danielle Faulkner
Caitlan Fealing
Anna May Fitch
Rachel Gerrard
Haelynn Gim
Kiara Gordon
Kennedy Green
Harper Johnson
Reuben Kaufman
Jessica Kim
Erin Lamberth
Anna Leonard
Rachel Levin
Avital Lipkin
Grace Mabie

Working at The Darrow School as a Mentor, Advisor, Softball & Soccer Coach, and House
Parent for the 2019/2020 school year
Working as an RA in the McEwen Lab, a neuroendocrinology lab at Rockefeller University
Working as a Research Assistant at the Rhode Island Hospital MIDAS project in a two
year position; afterwards getting a Ph.D. in Clinical Psychology
Taking a gap year then applying to grad school for music performance and/or music directing
Working as a Faculty Research Assistant at the Fox Child Development Lab at the University of Maryland, College Park, MD
Working as a research assistant position in the lab of Dr. Nathan Fox '70 at the University
of Maryland. This lab focuses on children's socio-emotional development and links these
psychological process to neural activity through brain imaging methods.
Working to develop student leaders with InterVarsity at Southern Connecticut State University
Attending medical school at Tulane University
Joining the Cognition and Development Lab at Yale as the lab manager, working under
Dr. Frank Keil
Obtained a Data Science Fellowship at the Institute for Defense Analyses.
Working at Clarion, a Healthcare Consulting at a firm in Boston, for two years
Getting a Master of Philosophy in Health, Medicine and Society at Cambridge
Working as a research assistant in a neuroimaging lab (in Palo Alto, CA) that studies
schizophrenia and psychosis
Working for Teach for America for two years and going to medical school afterwards
Working with the production team for Sunday Night Football at NBC Sports in Stamford,
CT
Moving to Boston to find a job in communications/marketing/PR
Teaching Math at Pine Cobble School in Williamstown, MA
Working as a Research Assistant in the Carter Lab at Williams College then pursuing a
Doctor of Veterinary Medicine degree
Working as a Clinical Research Coordinator at the Center for Addiction Medicine at Massachusetts General Hospital
Working as a Research Assistant in an Aging Neuroscience lab in the Anesthesiology
Dept. at Brigham and Women's Hospital in Boston.
Working as a research assistant at Bradley Hospital in Providence, RI, studying risk factors for suicidal adolescents.
Working in New York City as an associate at DataArt, a technology consultancy that designs, creates, and supports software solutions for clients in a variety of industries ranging
from healthcare and life sciences to travel and hospitality
Working in data analysis at a company that runs customer experience surveys in Bozeman,
Montana
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Diana Matthiessen

Work as a mental health outreach worker in Woburn, MA, at Youth Villages, an organization that provides help for families with children that are experiencing mental health
problems
Emily McDonald
Working at the National Journal for their Network Science Initiative
Alexandra Melish- Working for the Manhattan District Attorney’s Office
kevich
Grace Merriman
Entering the Premed Post-Baccalaureate Programs at the University of Pennsylvania
Ben Morton
Partnering with the owner of a food delivery/technology business in Chicago and running
day to day operations
Jessica Munoz
Taking a gap year and then going to graduate school to continue doing research in the
psychology and law field
Alice Obas
Working as a Credit Analyst for an Investment Management Firm and planning to attend
graduate school in the future
Chandler Pearson
Working as a lower elementary teaching fellow for Brooke Charter Schools in Boston
Sofia Phay
Working for AmeriCorps in Washington, DC, in out-of-school programming for middle
schoolers
Emma Reichheld
Working in Mexico teaching English as a Fulbright Scholar
Morgan Richman
Working as a Clinical Research Coordinator at the Center for Women's Mental Health at
Massachusetts General Hospital
Marcos Soto Esparza Working as a Business Analyst for a tech start-up called Clutch in Washington, DC
Olivia Stokes
Working as an investment banking analyst
Joseph Wilson
Attending Johns Hopkins Bloomberg School of Public Health and pursuing a Masters of
Health Science (MHS) in Environmental Health
Meredith Wright
Working in brand strategy at Prophet in NYC
Linda Zeng
Working as a Software Engineer for BlackRock in NYC

Psychology Colloquia
Bowen Chung ’93, David Geffen School of Medicine at UCLA
15 Years of Partnering with Patients, Community, and Health System Partners to Improve Depression in Under-Resourced Communities, April 4, 2019
Eric Fish ‘96, University of North Carolina at Chapel Hill
Environmental and Genetic Vulnerabilities to Alcohol: Studies on Fighting, Feeling Good, and the Fetus, March
4, 2019
Dave Kleinschmidt ‘09, Rutgers University
Variation in Speech Perception: Who’s Talking, How do They Talk, and What are They Saying?, April 11, 2019
Jessica Cantlon, Carnegie Mellon University
Math, Monkeys, and the Developing Brain, April 19, 2019
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Off-Campus Psychology Colloquia
Matthew Clasen
"Exploring Liraglutide as a Potential Treatment for Opioid Use and Abuse"
via Skype, at Novo Nordisk, March 2019.
Phebe Cramer
"Longitudinal Prediction of Childhood Personality from Defense Mechanisms at Age 10"
Society for Personality Research, New Orleans, LA, March 2019
Catherine Stroud
"Cortisol Awakening Response and Additive Serotonergic Genetic Risk Interactively Predict Depression in
Two Samples"
Poster presented with S. Vrshek-Schallhorn, L.D. Doane, S. Mineka, R.E. Zinbarg, E.E. Redei, M.G. Craske,
& E.K. Adam
Annual meeting of the Anxiety & Depression Association of America, Chicago, IL, March 2019 (in fulfillment
of the 2019 Donald F. Klein Early Career Investigator Award)
"Parental Interpersonal Style and the Parent-Child Relationship: Implications at Both Normal-Range and Pathological Levels"
Paper presented with S. Wilson & C.E. Durbin
Biennial meeting of the Society for Research in Child Development, Baltimore, MD, March 2019
"Dopaminergic Multilocus Genetic Variation in Young Adolescents: Associations with Sensation-Seeking and
Parasympathetic Withdrawal"
Paper presented with V. Sapuram, S. Vrshek-Schallhorn, & L.M. Hilt
Annual meeting of the Association for Behavioral and Cognitive Therapies, Washington, DC, November 2018
"Serotonergic Multilocus Genetic Vulnerability Interacts with the Cortisol Awakening Response to Predict Depressive Episodes"
Paper presented with S. Vrshek-Schallhorn, L.D. Doane, S. Mineka, R.E. Zinbarg, E.E. Redei, M.G. Craske, &
E.K. Adam
Annual meeting of the Association for Behavioral and Cognitive Therapies, Washington, DC, November 2018
"A Serotonergic Multilocus Profile Score Interacts with Early Adversity (GxE) to Predict Stress Generation in
Adolescent Girls"
Paper presented with C. Marr ’16 & S. Vrshek-Schallhorn
Annual meeting of the Association for Behavioral and Cognitive Therapies, Washington, DC, November 2018
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Abstracts from Student Theses
Astronomy
The Intellectual Marketplace: The Evolution of Space Exploration
from Copernicus to von Braun & Beyond
Brendan Rosseau
In light of the recent emergence of a “New Space Age,” this thesis offers an expanded view of space exploration by
examining the history of such efforts prior to the beginning of the conventional “Space Age” narrative. Building on
the work of Dr. Alexander MacDonald in The Long Space Age, this paper introduces the concept of an “intellectual
marketplace,” an evolving framework allowing for the allocation of resources towards space exploration efforts.
Beginning with Copernicus, I discuss the role of the intellectual marketplace in the inception of modern astronomy.
From there, I trace the evolution of this framework, demonstrating how it has not only operated as an engine for
space exploration but also has played an active role in determining their purpose, style, and scope via societally-dependent mechanisms. Discussion continues through the origins of spaceflight, which, as a tool of space exploration,
emerged and evolved as a product of the same intellectual marketplace. Through its analysis, this thesis aims to
provide historical context that, in conjunction with the conventional “Space Age” narrative, allows for a greater
understanding of the forces behind the “New Space Age” as well as its inherent opportunities and challenges.
Detecting Atmospheric Pressure Response to the 2017 Great American Total Solar Eclipse
Ross Yu
An attempt to detect the effect of the American total solar eclipse of 21 August 2017 on atmospheric pressure has
been made as part of the program of micrometeorological measurements undertaken by the Williams College expedition to Salem, Oregon. In addition to our own direct measurements on the campus of Willamette University using
an Onset HOBOTM meteorological station, we analyzed data from the US government's weather stations across the
country that were in the zone of totality. An increase of atmospheric pressure was detected in some of those stations
but not in all of those that were chosen for our study. In particular, our measurements were taken with a shorter
time resolution, and we found that at our site the effect was noticeable when it compared to the day before and
after the eclipse day. Our result on the Willamette University campus matches with the physics of eclipse-induced
tropospheric cooling as does past research. We were unable to conclude why some of the other stations experienced
this effect and why others did not. Further analysis is needed to determine the causes for these results. Looking at
the regression plots for the data from US government weather stations within totality, we see that the intermediate
eclipse effect was more prominent in Wyoming, Missouri, and Idaho than the others. Surprisingly, the intermediate
eclipse effect remains ambiguous in Oregon. Since the we could not rely on the weather stations for detecting the
immediate effect of the eclipse, we utilized them to detect any hourly or intermediate in timescale effect. Because
the eclipse took place in the morning for some stations and the afternoon for others, differences in diurnal variation
masked the effect of the eclipse in these stations. Cloud coverage could affect the pressure response as they could
provide distinct cooling zones above and below the cloud cover that could cause the effect to be reduced underneath
the cloud layer. Tropospheric cooling works when the sky is clear; unfortunately, it is unknown how tropospheric
cooling will change with the presence of clouds.

Biology
Understanding Visual Arousal and Attention in Drosophila melanogaster: The Role of Serotonin and Varying Light Conditions
Mikhayla Armstrong
Arousal is a state characterized by increased activity or increased sensitivity to stimuli. There are many different
forms of arousal which present themselves in behaviors such as sleep and startle. An assay was developed in the
Lebestky lab which measures sensory integration and locomotor activity by inducing a startle, which comes in the
form of vibrations followed by a visual task. This assay allows us to study the fly’s integration of visual and mechanosensory information through its locomotor activity, measured by how well it completes the visual task.
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In the assay decreased performance along with increased velocity have been indicative of increased startle-induced
arousal. Therefore, we were interested in investigating what the potential relationship between velocity and optomotor performance might look like. We determined there is a clear relationship between velocity and performance,
which is dependent on the presence of a startle.
Past research has found that constant light (L/L) leads to the suppression of I-LNv neuron responses, which are
wake-promoting. This same study proposed that light regulates dopamine responses by upregulation of inhibitory
dopamine receptors (Shang et al 2011). Therefore, we were interested in investigating how these I-LNv neurons
may play a role in different light conditions: 24 hr constant light (L/L), standard 12 hr light/dark (L/D), and 24 hr
constant darkness (D/D), especially through sleep and startle-induced arousal. It was concluded that the different
light conditions led to differences in sleep as well as startle-induced arousal. However, further experimentation must
be done to determine the relationship between the two.
In humans, serotonin is involved in many essential brain functions such as sensory integration, emotion regulation
and motor activity. In drosophila serotonin regulates sleep, memory, and aggression but it is unknown whether or
not it affects sensory integration like it does in humans. We decided to investigate two specific serotonergic mutants, the 5HT1A and 5HT2B receptors that had previously been implicated in changes in sleep behavior indicative
of increased sleep arousal. We investigated how these mutations might affect startle-induced arousal, which was
measured through the use of a Stampede Assay. It was observed that these same mutants displayed increased startle-induced arousal, as seen by decreased performance and increased velocity compared to wildtype flies.
Tachykinin-1 Neurons in the Parasubthalamic Nucleus (PSTN) Suppress Appetite
Olivia Barnhill
In mammals, the motivation to eat is regulated by specific populations of orexigenic and anorexigenic neurons in the
brain. Although multiple populations of neurons in the hypothalamus and brainstem have been well characterized,
other populations may also influence food intake behavior. Previous studies implicate neurons in the parasubthalamic nucleus (PSTN) as potentially regulating appetite, but the role of these neurons in food intake behavior has
not been characterized. PSTN neurons express Tachykinin-1 (Tac1), providing a unique genetic marker to target
neurons for food intake studies in freely behaving mice. This study tested three hypotheses: (1) Tac1 PSTN neurons
are active during states of appetite suppression; (2) activation of Tac1 PSTN neurons is sufficient to reduce food
consumption; and (3) inhibition of Tac1 PSTN neurons will result in increased food intake. We found that Fos was
upregulated in Tac1 PSTN neurons after consumption of a large meal. Optogenetic or chemogenetic stimulation of
Tac1 PSTN neurons resulted in decreased food intake. Chemogenetic inhibition of Tac1 PSTN neurons increased
food consumption. Therefore, these results support our hypotheses and demonstrate that Tac1 PSTN neurons function as an anorexigenic population of neurons in the brain.
Analyzing Genomic Regions of Differential Introgression for Evidence of Gene Flow or Local Adaptation
between Gryllus firmus and Gryllus pennsylvanicus
Francesca Barradale
The field crickets Gryllus firmus and Gryllus pennsylvanicus form a hybrid zone in the Northeastern United States.
Though gene flow is known to occur within this narrow geographic region, it has not been characterized in populations on either side of the hybrid zone. I sequenced fifty 5-kb genomic regions surrounding introgressing and
non-introgressing loci to identify potential gene flow outside the hybrid zone through divergence analysis, migration
rate estimate, and splitting time calculation. Introgressing and non-introgressing loci displayed similar nucleotide
divergence despite higher allelic divergence in non-introgressing loci. Thus, the signatures of reduced introgression
more likely arise from local adaptation than differences in gene flow. Migration rate estimates indicated fewer than
one individual crossing the species boundary per generation, indicating a low likelihood of gene flow. Moreover,
my splitting time estimate based on nuclear DNA is 9.28x higher than the previously accepted splitting time based
on mitochondrial Cytochrome Oxidase I (COI) sequences. These observations suggest that the species diverged
independently in allopatry and that gene flow is limited to the hybrid zone.
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The Demographic Cost of Sex Ratio Variation in Trinidadian Guppies.
Emily Burch
Mating is a quintessential life history trait, but certain costs and benefits come along with it, largely depending on
sex and mating strategy. Male harassment of females, for instance, may disrupt feeding, increase energy use from
avoidance, or attract predators, all of which potentially lead to a decrease in fitness. We performed a 2x2 experiment
manipulating density and sex ratio across a range of age classes in Trinidadian guppies (Poecilia reticulata) from
three streams in order to determine how social interactions, specifically male harassment, affect female fitness. Each
site responded differently to the treatments, suggesting social interactions or density vary widely between streams.
However, there did appear to be an interaction between density and sex bias in two of the streams such that females
in male biased environments had higher fitness at low density than did those in female skewed environments. This
effect disappeared when density was doubled. These findings suggest that sex biased driven social interactions may
indeed affect female fitness, which may play a role in mediating demographic composition.
Strategies for Survival in the Open Oceans: The Impact of Fluctuating Irradiance Levels on Prochlorococcus
Darcie Caldwell
The marine picocyanobacterium Prochlorococcus is one of the smallest and most abundant photosynthetic organisms on the planet. It is globally important, producing one fifth of our world’s oxygen and serving as the foundation
for the ocean food chain. Light, temperature, and nutrient availability all affect the abundance of Prochlorococcus,
and the bacterium possesses many physiologically and genetically distinct ecotypes that are adapted differently to
environmental stressors.
Guided by the hypothesis that Prochlorococcus strains have evolved different strategies to respond to the fluctuating
light environment, we characterized the photophysiology of two strains from different clades: NATL2A (belongs to
the deeply branched clade) and MIT9312 (belongs to the large clade of recently differentiated lineages). MIT9312
and NATL2A responded differently to greater irradiance level, with MIT9312 growing faster at all light levels
measured. However, both strains were able to resume growth following a shift to a different irradiance level. When
shifted to a lower light level, most of the cells in the culture exhibited high fluorescence, suggesting an increased
synthesis of chlorophyll. When shifted to a higher irradiance level, cells exhibited less chlorophyll fluorescence,
suggesting a decrease in cell chlorophyll concentrations.
Bioinformatic confirmed that each strain has strains encoding Flv1 and Flv3 proteins. These proteins function as a
powerful electron sink to reduce oxygen to prevent the accumulation of toxic compounds during exposure to fluctuating light conditions. Sequence analyses indicated that Flv3 was more conserved than Flv1, and that both proteins
exhibited greater conservation in comparisons between strains belonging to the large clade of recently differentiated
lineages.
To run or not to run: physiological response in the laboratory mouse when exposed to predator odorant,
2,3,5-Trimethyl-3-thiazoline
Cordelia Chan
The purpose of this study is to identify the physiological and behavioral effects of 2,3,5-trimethyl-3-thiazoline
(TMT) on a laboratory mouse, C57Bl/6. TMT is a single chemical compound that is extracted from red fox urine
and is used to artificially simulate a predator in a laboratory setting. More specifically, this study sought to determine
the effects of TMT on a calorically restricted mouse in torpor. Five experiments were conducted to achieve this.
The first was a freezing assay. It was observed that mice spend 6.7 ± 1.7% of time freezing when exposed to water
and 67.2 ± 6.7% of time freezing when exposed to TMT. In the second experiment, no significant differences were
found between circulating corticosterone when exposed to water, 292 ± 36.5 ng/ml, and when exposed to TMT for
either ten minutes, 340 ± 46.7 ng/ml, or thirty minutes, 459 ± 40.6 ng/ml. Likewise, the third experiment showed no
significant difference between the number of activated neurons, as measured by immunohistochemistry for c-fos,
in the basolateral amygdala when exposed to water, 125 ± 61 neurons, and when exposed to TMT for ten minutes,
177 ± 53 neurons. There were also no significant differences in the number of activated neurons in the paraventricular thalamic nucleus when exposed to water, 51 ± 9 neurons, and when exposed to TMT for ten minutes, 85 ±
13 neurons. Finally, there were no significant differences in activated neurons in the paraventricular hypothalamic
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nucleus when exposed to water, 102 ± 58 neurons, and when exposed to TMT for ten minutes, 76 ± 5 neurons.
Exposure also decreased temperature by -1.4 ± 0.2ºC in the dark phase and -1.0 ± 0.2ºC in the light phase in a fully
fed mouse. The goal of this study was to also establish the novel effects of TMT on a calorically restricted mouse
and observe whether mice weighed energy of conservation through torpor greater or less than the imminent danger
of a predator. It was found that exposure to TMT blunts torpor bouts in calorically restricted mice by increasing the
minimum temperature from 29.2 ± 0.3ºC (control) to 30.1 ± 0.6ºC (TMT) and by decreasing the amount of time the
mice spent under 32ºC from 431 ± 48 (control) minutes to 292 ± 78 minutes (TMT). These results establish first that
mice perceived TMT as a life-threatening stimulus and second that mice weighed a predator as more important than
energy conservation through torpor.
Asprosin Administration During the Inactive Period Increases Wakefulness
Erin Cohn
In mammals, food intake and sleep are essential, yet mutually exclusive behaviors. Therefore, the homeostatic drive
to eat likely impacts the homeostatic drive to sleep. Asprosin is a recently discovered peptide hormone released
from white adipose tissue that excites hunger-promoting hypothalamic AgRP neurons to promote food intake. Although other hunger-promoting hormones have been shown to promote wakefulness and impair sleep quality, the
effects of asprosin on sleep homeostasis are unknown. Here, we test the hypothesis that administration of asprosin
during the inactive period is sufficient to dysregulate sleep/wake architecture. We found that asprosin administration
during the inactive period is sufficient to reversibly increase wakefulness and increase the latency from states of
wakefulness to states of sleep. These results suggest that acute asprosin administration prioritizes food intake over
the competitive need for sleep.
Investigating the Effects of Ambient Humidity on the Connected Roles of the Bacterial Type VI Secretion
System and Host Abscisic Acid Signaling in Agrobacterium tumefaciens Infection
William Doyle
The soil-borne bacterium Agrobacterium tumefaciens infects a wide variety of plants, inducing the formation of
crown gall tumors by the transfer of bacterial DNA and its integration into the plant genome. The Banta Lab has
demonstrated that the bacterial Type VI Secretion System (T6SS) plays a role in this infection process, promoting
long-term tumor formation but limiting short-term transient transformation (TT) in the model plant Arabidopsis
thaliana. This study principally aims to further elucidate the mechanism underlying T6SS-dependent TT inhibition
in this pathosystem. Previous work in the lab has established a link between the presence of the T6SS in bacteria
and modulation of host abscisic acid (ABA) hormonal signaling pathways, with consequences for transformation.
In certain plant mutants with abnormal ABA signaling, TT efficacy is altered, or T6SS-dependent TT differences
are abolished. Together with effects on defense gene expression, these data support a model in which T6SS-dependent downregulation of ABA signaling pathways leads to upregulation of defenses that inhibit transformation by
Agrobacterium. Seasonal variation in TT trends have remained puzzling, however. Here we propose that ambient
relative humidity at the time of infection plays an important role in T6SS-dependent differences in TT efficacy, and
that intermediate humidity is optimal to observe these differences. Assays conducted at both higher (~60%) and
lower (~30%) humidity consistently failed to show T6SS-dependent TT differences, while such differences were
more likely to be observed near 40% relative humidity. While we are largely limited to circumstantial evidence in
this regard, humidity effects on TT are consistent with our model implicating the water-loss regulation hormone
ABA. We show evidence that an additional rinse in water immediately after infiltration of seedlings with bacteria
abolishes T6SS-dependent TT differences, suggesting that under optimal humidity conditions, the T6SS-dependent
difference may be largely mediated by effects preceding defense induction, such as differential bacterial attachment
or motility. We further corroborate previous results showing that ABA-hypersensitive plants exhibit lower TT than
wildtype (WT) plants, and that the defense gene PAD3 is a significant limiting factor to TT. In the latter case, we
find that the effects of PAD3 on TT may be T6SS-dependent at low humidity. Similarly, we propose humidity effects
may contribute to or combine with the effects on TT of two genes involved in ABA signaling, ABI2 and ABI4. Finally, we explore the roles of specific T6SS effectors in TT and suggest that a soluble factor released into the media
of WT but not amidase effector-mutant bacteria contributes to T6SS-dependent TT differences.
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Niche Differentiation in the Open Oceans: Photophysiology and Phylogeny
of the Marine Cyanobacterium Prochlorococcus
Haelynn Gim
Abstract: Prochlorococcus is a marine picocyanobacterium that contributes significantly to the photosynthetic biomass and net primary production of the oceans. It is found throughout the euphotic zone of oligotrophic tropical
and subtropical open oceans, from surface waters to depths of 200 meters, which correspond to a range of varying
environmental conditions. This ubiquitous presence of Prochlorococcus is possible due to the existence of different
ecotypes, genetically and physiologically distinct populations within a genus adapted for growth in a particular set
of environmental conditions. In this thesis project, the role of light in the niche differentiation of Prochlorococcus
and ecotypic differences in response to light stress were investigated by (1) studying strains MIT9312 and NATL2A, representatives of ecotypes MIT9312 and NATL2A, respectively, and (2) examining, in 14 Prochlorococcus
strains and close relatives, the evolution of flavodiiron proteins 1 and 3 (Flv1 and Flv3), which are NAD(P)H:oxygen oxidoreductases that are crucial for the survival of cyanobacteria under conditions of fluctuating light. At an
irradiance level of 52 µmol photons m-2 s-1, MIT9312 exhibited a faster growth rate than NATL2A, consistent with
its higher abundance throughout the water column. When shifted from 52 to 10 µmol photons m-2 s-1, both strains
continued to grow and exhibited increased levels of chlorophyll as assessed by Chlorophyll (Chl) a fluorescence.
While NATL2A light-shifted cultures had higher cell densities than control cultures, MIT9312 light-shifted and
control cultures did not differ in cell density, suggesting that NATL2A was better able to acclimate, and is perhaps
fundamentally better adapted to lower light, than MIT9312. Additionally, strain-specific differences in the kinetics
of chlorophyll fluorescence changes following the light shift suggested underlying ecotypic differences in photophysiology. When shifted from 10 to 100 µmol photons m-2 s-1, MIT9312 showed evidence of a slower growth rate
than when kept at the lower light level, likely reflecting a slowing of growth during the acclimation process. Nevertheless, MIT9312 cultures acclimated with decreasing levels of chlorophyll fluorescence, which likely reflected
decreases in Chl a concentrations. This response is consistent with that of previous research from our laboratory
on NATL2A. Molecular evolutionary analyses of Flv1 and Flv3 suggest that these key proteins were acquired long
ago from a common ancestor. Though highly conserved in sequence, residues were especially conserved in the
C-terminal flavodoxin-like domain. Overall, our results reveal that while different strains share some mechanisms
of acclimation to fluctuating irradiance levels, they exhibit differences in photophysiology as well. These dissimilarities reflect and contribute to ecotypic differences, making possible the dominance of Prochlorococcus in a range
of environmental conditions.
Early in Situ Gene Expression Analysis of CD4+ Lung Tissue-Resident Memory Cells
During Allergen Reencounter
Keshav Goel
Allergic asthma is a chronic disease caused by inflammation of the lung in response to a harmless inhaled antigen
and is responsible for hundreds of thousands of deaths annually. Prior research suggests that allergic asthma may be
driven by tissue-resident memory CD4+ T lymphocytes (CD4+ TRM), a subset of memory helper T cells that reside
in tissues that were previously exposed to the pathogen long-term. Prior research has also demonstrated that murine
models of sensitization using both house dust mite (HDM) extract and Ovalbumin with lipopolysaccharide (OVALPS) establish robust tissue-resident memory CD4+ T cell populations. This established population acts in an antigen-specific manner independent of CD4+ circulating memory T lymphocytes by recruiting both innate and adaptive
immune cells to the airways, including eosinophils, mast cells, and B cells. Notably, dendritic cells (DCs) have been
demonstrated to heavily populate the lung tissue during an asthmatic reaction caused by a secondary exposure to an
asthmatic allergen. This study demonstrates that at 30 hours after secondary exposure to either OVA-LPS or HDM,
CD4+ TRM are preferentially reactivated in the lung tissue. Concurrently, DCs/macrophages increase in composition.
Gene expression analysis finds that the lung CD4+ T lymphocytes upregulate expression of the proinflammatory cytokine IFNγ and the DC-specific chemokines CCL2, 4, and 20, strongly suggesting that lung CD4+ TRM recruit DCs
and other immune cells into the lung and thus cause lung inflammation. Whole transcriptome analysis of lung CD4+
TRM may characterize all genes that are upregulated during secondary exposure and may more comprehensively
implicate lung CD4+ TRM in lung inflammation.
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Determination of the Mechanism by Which ASAP1 Regulates Nuclear Translocation of YAP
Louisa Goss
The Arf GTPase activating protein ASAP1 is clinically relevant in the progression severity of epithelial ovarian cancer (EOC) and other cancers. ASAP1 is known to regulate cytoskeleton remodeling, the formation of actin-based
structures, and other features central to cell mobility and invasiveness. However, the mechanisms underlying regulation of cell growth by ASAP1 are not well understood. Previous experiments in this laboratory showed that
ASAP1 in Ovcar5 (Ovc5) cells affects nuclear YAP localization. The transcription co-activator YAP has been shown
to be an oncoprotein critical for transcription of target genes that control cell proliferation and survival and is known
to be regulated by the cell density-dependent Hippo signaling pathway. In this study we found that ASAP1 affects
YAP localization depending on cell line; ASAP1 inhibited nuclear YAP localization in Ovc5 cells but promoted nuclear YAP in Ovcar3 (Ovc3) and HeLa cells. While the molecular basis for the differential effect between cell lines
remains to be determined, YAP localization seems to drive cell growth. Cell density also differentially impacted
ASAP1’s effect on nuclear YAP localization (and presumably cell growth based on our results) depending on cancer
cell line. In Ovc3 cells the BAR-PH tandem domain of ASAP1 was sufficient to allow for the YAP localization phenotype. Inhibiting actin polymerization with Latrunculin B in HeLa cells disrupted previous nuclear YAP localization trends. Based on these results, we propose a model in which ASAP1 regulates YAP by promoting non-muscle
myosin 2A (NM2A) and F-actin colocalization to increase contractility and consequently nuclear translocation of
YAP.
Floral Traits Determine Structure of a Nested, Dominantly Dipteran Flower Visitation Network
on Isle Royale, MI
Alexandra Griffin
Most plant-pollinator networks are considered to be generalized, nested, and temporally and spatially dynamic,
a structure which facilitates robustness to species extinction and declines (Bascompte et al. 2003). However, the
functional explanations underlying these trends in network structure remain unclear. Morphological traits of both
flowers and pollinators can determine network structure and interaction strength (Junker et al. 2013). We studied
the flower visitation network on Isle Royale, Michigan, an island ecosystem with great floral diversity and solely
native plant and insect species. I address the following questions: 1) What is the structure of the network? 2) What
is the impact of floral functional traits (plant heights, stamen counts, nectar tube depth, and accessibility of nectar
and pollen) and plant phylogeny on insect visitation? 3) What is effect of ant visitation on visitation by other insects? 4) Is there spatial and temporal heterogeneity in insect visitation? Studies of pollination networks have been
limited by decreased sampling effort and the presence of observers which disrupts insect visitation. To obtain a more
complete record of insect visitors, we filmed patches of flowers of 21 plant species at two sites from sunrise until
sunset and recorded a total of 12,191 interactions. The Isle Royale flower visitation network is highly nested, with
a network core that is composed of intensively-interacting, generalist plants with open flowers and Dipteran and
Hymenopteran insect species. Major generalist taxa included Anthomyiid and Muscid flies, the large Syrphid fly
Eristalis dimidiata, bumblebees (Bombus), and solitary bees. Overall, the placement of pollen and nectar resources— defined by an “open” or “closed” flower structure—was the most significant determinant of a plant’s composition and abundance of insect visitors. Butterflies and moths (Lepidoptera) visited flowers with a “closed” structure
and longer nectar tube depth at higher rates, and flies (Diptera) visited flowers with an “open” structure and shorter
nectar tube depth at higher rates. Bees and wasps (Hymenoptera) and beetles (Coleoptera) also preferentially visited
flowers with more stamens. This suggests that diversity in floral structure is critical to the maintenance of pollinator
biodiversity. Visitation by ants, who consume floral resources but are likely ineffective pollinators, was inversely
correlated with visitation by other insects, suggesting that ants deter pollinators and thus exert a doubly deleterious
impact on the plant. Although the network structure and overall visitor composition was similar at both sites on the
island, there was temporal and spatial heterogeneity in insect visitation to individual plant species, including a rare
painted lady butterfly (Vanessa cardui) migration. Taken together, these findings suggest that the nested structure
and generalism of the flower visitation network contributes to species-level flexibility both spatially and temporally
which, in turn, should increase resilience to disruptive forces and rare events.
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More Thank “The Cuddle Hormone”: Activation of Oxytocinergic Neurons Deepens Torpor
in Mus Musculus
Maia Hare
Mus musculus enters a torpid state in response to caloric restriction in cold ambient temperatures. This torpid state
is characterized by an adaptive and controlled ~6 hour decrease in metabolic rate, heart rate, body temperature, and
activity. Physiological and neural control of torpor remains unclear. The purpose of the present experiment is to
identify the role of oxytocin neurons in the torpor neural circuit using a chemogenetic approach. Previous research
has identified the paraventricular hypothalamus, a brain region containing oxytocin neurons, as a location that is
active during torpor onset. We therefore hypothesize that oxytocin neurons are part of this neural circuit. Furthermore, we hypothesize that activation of oxytocin neurons deepens torpor bouts while inhibition of oxytocin neurons
blunts torpor bouts. We report that upon activation of oxytocin during daily torpor bouts, torpid body temperature
decreases 1.7 ± 0.4°C, torpid heart rate decreases by 45 ± 26 BPM, and torpor length increases by 135 ± 38 mins.
We therefore conclude that oxytocin neurons are involved in the neural circuit controlling torpor.
jus Expressing Neurons, Neural Activity and Seizure Sensitivity in D. melanogaster
Quenton Hurst
Epilepsy is one of the most common global neurological diseases, affecting over 50 million people (World Health
Organization 2018). One third of this population is nonresponsive to current seizure medications (Schachter et al.
2013, World Health Organization 2018). Due to ethical reasons, studying the mechanisms that underlie epilepsy
in humans is nearly impossible, therefore it is necessary to find innovative model organisms that can produce the
effects of human seizure behavior with high fidelity. Drosophila is one of the most versatile organisms in modeling
human pathologies, and it is utilized here to successfully model epileptic behaviors (Lloyd & Taylor 2010, Song &
Tonouye 2008). It is known that jus loss of function induces seizures exhibited by bang sensitive and cold sensitive
phenotypes (Horne et al. 2016, Dean et al.2017). To probe this relationship between jus functionality and neural
activity we tested the use of genetic tools and found that several enhancers of jus expression GMR90B09 (promoterregion), GMR55G02 (most 5′ in first intron), GMR59D01 (further 3′ in first intron), GMR55F01(furthest 3′ in
first intron) are successful enhancers of jus. Further findings of this project indicate that IP3R, Shits, Kir2.1, and
TrpA1 proteins, all of which have the potential to alter jus expressing neuronal activity, do not affect bang or cold
sensitivity.
Multiple Pathways May Be Involved in 17β-Estradiol (E2) Induced Heart Valve Abnormalities
Sonya Jampel
Exposure to high concentrations of 17β-estradiol (E2) during the critical time period for zebrafish (Danio rerio)
heart development results in serious heart malformations (pericardial effusions, looping defects, increased heart
rate, abnormal gene expression and death). Two major estrogen receptor pathways may be responsible: the nuclear
receptor pathway and the G-protein coupled estrogen receptor (GPER) pathway. This worked expanded upon previous Marvin Lab work to show that 12-14 uM of E2 at 22 hours increased the proportion of embryos with effusions
and abnormal leaflets (defined as lack of leaflet or stub) in the atrioventricular canal (AVC). In the first batch of fish,
3-5uM of G1 (GPER agonist) after 22 hours increased the proportion of embryos with abnormal leaflets and had no
effect on effusions. However, in subsequent batches, treating with G1 did not lead to abnormal leaflets. Abnormal
heart valve phenotype was not rescued by G36 (GPER antagonist). Gper expression appeared at 62 hpf but not 72
hpf in control fish. GPER may be involved in heart valve development, because the abnormal leaflet phenotype was
replicated in the first batch of fish that were treated with G1. However, E2 appears to have effects on valve formation
independent of GPER. First, G1 never caused effusions, although treatment with E2 caused effusions. Second, even
though G1 lost its effect in later batches, E2 still induced abnormal leaflets and effusions in all batches. Further,
G36 was unable to rescue E2-induced abnormal leaflets. Finally, ZK 164015 (estrogen nuclear antagonist) lead to
effusions and death, indicating that nuclear estrogen activity is required for heart function. E2 may work through
multiple pathways to cause heart valve abnormalities. Future work should repeat similar experiments with outbred
fish to gain a more robust and reproducible response to both E2 and G1. Additionally, the nuclear receptor pathway
should be investigated further.
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Expression of Genes Neighboring Tandem Duplicates
Kyung Shin Kang
One way gene expression levels can be changed is through gene duplication. Previous work found that transgenic
tandem duplicates express more than twofold the amount of both mRNA and protein. However, two copies of a
gene that are not adjacent to each other do not show overexpression. These results suggest that the structure of tandem duplicates allows for physical interaction between these genes that leads to increased transcription frequency.
Currently, there is no consensus on the mechanism behind tandem duplicate overexpression, but the transcription
factory model may be able to explain this phenomenon. The model hypothesizes that RNA polymerases, transcription factors and co-regulators are clustered in immobile groups inside the nucleus called transcription factories,
while the DNA template loops around different clusters of polymerases. In this model, the activity of a gene should
depend on its neighbors since the tethering of a gene to a transcription factory would position its neighbor close to
a relevant transcription factory. This model suggests the hypothesis that tandem duplicates would affect neighboring gene expression. In this study, we tested the hypothesis that neighboring gene expression will be significantly
greater in tandem duplicate inserted flies than in single gene inserted flies. Our hypothesis was not supported, as
there was no significant difference in gene expression between tandem duplicate flies and single gene flies for all
four genes neighboring the insertion site.
The Genetic Basis of Speciation Loci in the Drosophila Athabasca Complex
Se Rin Kim
The objective of this study is to finely map the speciation phenotypes for the D. athabasca species complex, one of
the most rapid cases of speciation in Drosophila. We focused on two species of the Drosophila athabasca species
complex: D. athabasca and D. mahican. This system is an excellent model to study speciation because of the recent
divergence times (100,000-200,000 years ago) and strong (almost complete) sexual isolation between species (until
recently considered races). Reproductive isolation between species is driven by divergence in male courtship song
and in female mating preferences, the only clear speciation phenotypes for the species complex. To map these two
speciation phenotypes, we used ddRAD markers on an F2 cross where both males and females were phenotyped for
male courtship song and female mate preference toward pure species males. In order to run QTL analysis between
the two species, we generated a consensus map using R/qtl. We performed QTL analyses for the males and female
flies using a series of methods such as one-dimensional QTL scan and multiple-QTL models in R/qtl. Female mating preference was influenced by multiple QTL, one locus in the X chromosome with a large effect (few loci, strong
effect) and three more QTL of moderate and small effect (many loci, small effects). Male courtship song was also
explained by one QTL in the X chromosome that has a major influence on the phenotype, one main QTL with a
moderate effect was detected, and two more additive QTL with smaller effects were found. However, I was not able
to determine the interval for the X-linked QTL because of the nature of the linkage map for the X-linked markers
which seem to span several inversions. We could not find any obvious genes of known function. This project will
lead to a better understanding of the early genetic changes that drive reproductive isolation and speciation.
Reducing Pathological Tissue-Resident Memory T Cells in Allergic Asthma via JAK/STAT Cytokine Signaling Pathway Inhibition
Patricia Lozano
Studies using mouse models of allergic asthma have identified a non-circulating and long-lived population of T cells
within the lung. This population of cells known as CD4+ tissue-resident memory T cells (CD4+ TRMs) persist within
the lung tissue for long periods of time and exhibit basal levels of activation, even in the absence of antigen. Their
optimal location within niches of the lung allows them to more robustly respond to antigen re-exposure and prompt
severe asthmatic symptoms; therefore, their removal poses a promising route for treatment. In this study, we attempt
to understand the implications of local cytokine signaling in facilitating CD4+ TRM establishment, retention/survival and/or reactivation within the lung. To investigate the role of cytokine signaling, we used a conventional mouse
model of allergic asthma and treated mice with Ruxolitinib, a JAK/STAT cytokine signaling pathway inhibitor at
different timeframes during the immune response: acute, memory and recall. We found that Ruxolitinib treatment
reduced the number of CD4+ TRMs within the lung during the memory phase, which is when cells are highly homeostatic. Additionally, we found that Ruxolitinib reduced the number of CD69+hi cells, an indicator of activation,
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at all three timeframes. Collectively, these data suggest that cytokine signaling may play an important role in the
survivability of CD4+ TRMs and that treatment with this drug will result in ameliorated asthmatic symptoms upon
subsequent antigen exposure.
Examining the Population Genetic Structure of the Treehopper Species Publilia Concava
Sehwheat Manna
I examined the population genetic structure of the species Publilia concava (Homoptera:Membracidae), colloquially known as treehoppers. This species lives and subsists on the sap of the goldenrod plant Solidago altissima and
other Solidago species (Morales, 2002). Due to ecological constraints on the goldenrod plant, P. concava exhibit
hot-spots of abundance (old fields) surrounded by uninhabitable areas (forest/areas under development). The resultant hierarchical structure allows for extensive genetic comparison at multiple levels. In this study, we target eight
microsatellite loci for genetic analysis. Using R (packages: poppr, adegenet, hierfstat and pegas) and Structure,
we find that there are markedly high levels of inbreeding. Surprisingly however, subpopulations exhibit little divergence (FST=0.0920). Moreover, there are likely three putative source populations from which the individuals
sampled derive their genotype. These results suggest a population in which there are few but effective migration
events, paired with high inbreeding interactions at the subpopulation level.
Investigating the Interaction Between the Bang-Sensitive Locus, Julius Seizure and Atpalpha, the Sene Encoding Alpha Subunit of the Na+/K+ ATPase Pump
Nebiyou Metafaria
The identification of a protein-protein interaction between the jus gene product and the Atpalpha subunit provided a potential candidate protein which could be interacting with jus in the seizure- inducing pathway. Atpalpha
is the alpha subunit of the Na+/K+ ATPase and has been implicated in modulating membrane potential in seizure
syndromes. We investigated the behavioral and genetic interactions between the two proteins by crossing different
alleles of Atpalpha and jus and assaying them for bang-sensitivity and cold-sensitivity. We found that Atpalpha and
jus double mutants exhibited enhanced or suppressed bang-sensitivity and cold-sensitivity with most of the double
mutants exhibiting corresponding trends in bang-sensitivity and cold-sensitivity, suggesting similarities in the seizure-inducing pathway during mechanical shocks and cold-shocks. We also investigated the knockdown of Atpalpha in jus-requiring neuronal populations and found that Atpalpha knockdown in these populations also leads to
development of bang-sensitive and cold- sensitive phenotype, indicating that jus and Atpalpha activity are required
in the same neuronal population to protect against seizures. This strongly hints at the possibility of jus and Atpalpha
interacting in the same seizure-inducing pathway to cause the seizure phenotypes that we see.
The Role of Fkbp5 in HPI-Axis Activated Rapid Response to Acute Stressors in Danio rerio
Rodsy Modhurima
Polymorphisms and epigenetic variations in the FKBP5 gene have been linked to comorbid and heritable mood
disorders. FKBP5 encodes the FK Binding Protein 51 (FKBP5). FKBP5 is associated with the glucocorticoid receptor complex that chaperones inactive glucocorticoid receptors and is thought to modulate binding affinity between
cortisol, the primary glucocorticoid hormone in humans, and the glucocorticoid receptor. This ligand binding interaction between the two molecules activates signaling in the hypothalamic pituitary adrenal (HPA) axis and plays
a role in initiating the stress response. The stress response consists of the many physiological and transcriptional
changes that allow the body to return to homeostatic baselines following deviation caused by a stress stimulus. In
order to examine the role of FKBP5 in regulating the stress response, we generated fkbp5 knockout mutants with
frameshift indel mutations using the Danio rerio (zebrafish) model system. Zebrafish have a similar stress reactive
pathway, the hypothalamic pituitary interrenal (HPI) axis, wherein the cells of the interrenal gland are functionally
homologous to cells of the adrenal cortex in humans. We propagated mutant lines and used F3 generation knockout
mutant larvae as subjects for stress assays. We conducted these stress assays to quantify rapid (non-transcriptional
physiological adaptations) and slow (transcriptional) stress response and compare knockout mutants with their wild
type siblings. Our results for slow stress response were inconclusive and await further experiments. We found that
fkbp5 knockout mutants have an elevated locomotor response to acute light stress, suggesting a role for fkbp5 in the
HPA activation of rapid stress response.
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Asprosin Administration Disrupts Torpor Bouts in Mice
Kenechukwu Odenigbo
Torpor is a state of dormancy that some animals employ when faced with food scarcity and low ambient temperatures. During daily torpor, animals lower their metabolism, heart rate, body temperature, and other cellular processes to decrease their energy expenditure. The mechanisms underlying torpor and the factors that influence it are still
relatively unknown. Asprosin, a recently discovered, orexigenic hormone activates hunger-inducing agouti-related
peptide (AgRP) neurons and increases hepatic glucose production. Studies show that AgRP neuron activation and
changes in glucose levels impact torpor bouts, thus we hypothesized that asprosin would cause a disruption of torpor
bouts in mice. We found that asprosin administration caused a decrease in torpor bout duration, depth, as well as an
increased latency to enter torpor. Asprosin was also found to increase the maximum body temperature before torpor
onset. These results show that asprosin negatively affects torpor bouts. Our findings also suggest a relationship between asprosin levels and the regulation of core body temperature.
Introduction of Novel Parasite Leads to Demographic Compensation in a Population of Guppies
Emma Rogowski
Parasites are known to be detrimental at the individual-level but at the population-level, the evidence is less clear.
Trophic interactions and predation are known to limit population growth but, the same evidence does not exist for
parasites. The evidence that does exist is limited and mixed. The infection of a well-studied population of Trinidadian guppies by the nematode parasite Camallanus cotti provided an opportunity to investigate this open question.
The aim of our research project was to determine the individual- and population-level effect of infection on a number of fitness-related traits, including guppy somatic growth, survival, reproduction, and population density, as well
as to investigate if the parasite was regulating the population.
Through analysis of eleven years of mark-recapture data and a laboratory experiment, we observed a dose-response
relationship between the percentage of the population infected and the mortality rate. We fail to find evidence that
infection is density dependent, so cannot conclude whether the parasite is regulating the population. We found
that the parasite increased guppy mortality. Additionally, we determined that the parasite decreased the growth of
infected individuals but increased growth at the population level, which, combined with increased mortality, is characteristic of demographic compensation. We conclude that the introduction of the parasite has led to demographic
compensation.
ASAP1 May Promote Ovarian Cancer Invasion Through Non-Muscle Myosin 2
Christine Tanna
Epithelial ovarian cancer is the leading cause of death from cancer of the female reproductive system. Accounting
for a disproportionately high number of cancer deaths, poor prognosis is largely due to late presentation and high
frequency of metastasis. The Arf GTPase-activating protein ASAP1 regulates actin-rich structures and associated
cell functions such as motility. Because it is often highly expressed in ovarian cancer tissue and is correlated with
poor clinical outcomes, we sought to investigate the effect of ASAP1 on invasion and the mechanism by which
it exerts its effect. In this study, we found that ASAP1 augments the invasive potential of ovarian cancer cells in
three-dimensional culture. ASAP1 also suppresses the activity of non-muscle myosin 2 (NM2), the force-generating
molecular motor that binds ASAP1 at its Bin/Amphiphysin/Rvs (BAR) domain, while attenuating the organization
of F-actin into stress fibers crosslinked by NM2. We suggest that NM2 is a candidate mediator for the promotion of
ovarian cancer invasion by ASAP1.
The Role of Arousal, Dopamine, and Circadian Cycles in Stampede Assay Performance
Ben Wipper
The Yerkes-Dodson Law postulates that there is a level of arousal in which an organism will perform a given task optimally; at any arousal level higher or lower than this optimal level, performance will decrease. In the present work,
we sought to examine this relationship between arousal and performance in Drosophila using the Fly Stampede
Assay, an experimental setup which involves heightening fly arousal with a mechanical startle, and then tracking a
behavior called the optomotor response. Previous work had suggested that startle-based arousal and performance
on the Stampede Assay fit the Yerkes-Dodson Law. The first part of the present investigation further elucidated the
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relationship between assay performance and arousal, showing that overly aroused flies have an impaired optomotor
response. Secondly, we investigated the specific role that dopaminergic neuronal activity plays in Stampede Assay
performance, and particularly in the generation of startle-based arousal. Through optogenetic methods, it was found
that prolonged dopaminergic activation impairs fly locomotion on the assay. However, it is still unclear whether
dopaminergic neurons induce fly arousal. Lastly, it is known that flies exposed to constant light schedules exhibit
disrupted circadian cycles; we wanted to know what impact such circadian disruption would have on Stampede
Assay performance and startle-induced arousal. We found that flies exposed to constant light schedules show high
levels of startle-induced arousal on the assay, corresponding to poor performance: although this finding cannot be
explained by deficits in total sleep duration, it may be partly due to shorter sleep episode duration in these flies.
Future experiments must more directly test whether impaired sleep quality translates to poor assay performance.

Chemistry
Characterization of the Streptomyces Avermitilis Carrier Protein Phosphodiesterases SAV1749 and SAV2904
David Azzara
Streptomyces is a genus of soil bacteria (order Actinomycetales) that produces almost half of current clinically relevant antibiotics. S. avermitilis contains gene clusters for the biosynthesis of 38 secondary metabolites, importantly
avermectin, an anthelmintic agent, and oligomycin, an antibiotic. These compounds are synthesized by polyketide
synthases (PKS), which, along with non-ribosomal peptide synthetases (NRPS), make up two major classes or biosynthetic enzymes. PKS and NRPS require carrier protein domains (type I) or distinct carrier proteins (type II) to
tether the nascent metabolites via a 4′-phosphopantetheinyl (P-pant) moiety. The addition of P-pant by a phosphopantetheinyl transferase (PPTase) serves to activate the carrier protein, while the hydrolysis of P-pant by a carrier
protein phosphodiesterase serves to inactivate it. The Gehring lab has previously characterized the S. coelicolor
carrier protein phosphodiesterase, SCO6672.
S. avermitilis contains two genes with sequence homology to SCO6672, SAV1749 and SAV2904. This is rare among
Streptomyces, which typically possess only one such gene. In the present study, SAV1749 and SAV2904 were
purified and biochemically characterized as carrier protein phosphodiesterases in vitro. SAV1749 and SAV2904
were both strongly dependent on Mn2+ for general phosphodiesterase activity against synthetic substrate bis-pNPP,
while SAV2904 was also mildly dependent on Mg2+. Zn2+ inhibited both SAV1749 (IC50=3.5 mM) and SAV2904
(IC50=11 mM). SAV1749 and SAV2904 showed an increase in activity from pH 7–9. The substrate specificity of
SAV1749 and SAV2904 towards ACP and PCP substrates, both type I and II, was examined. S. avermitilis type II
PCP holo-SAV3649 was purified, to test as a substrate for SAV1749 and SAV2904. Both enzymes dephosphopantetheinylated holo-SAV3649, as well as the S. coelicolor carriWer proteins holo-CchH (type I PCP), holo-SCO6827
(type I ACP), and holo-AcpP (type II FAS ACP). Neither enzyme dephosphopantetheinylated holo-WhiE (type II
ACP). Although SAV1749 was the more efficient enzyme, SAV1749 and SAV2904 both showed a preference for
type I carrier proteins and PCPs, suggesting a potentially redundant role for the two carrier protein phosphodiesterases. Future directions include the isolation of additional S. avermitilis carrier protein substrates from both types of
PKS and NRPS, especially from the avermectin and oligomycin type I PKS, as well as time-dependent phosphodiesterase assays.
Characterization of Redu Phosphopantetheinyl Transferase Activity with Red Carrier Porteins
from Streptomyces coelicolor A3(2)
Alexia Barandiaran
Members of the Streptomyces genus are soil-dwelling, Gram-positive bacteria that produce many bioactive secondary metabolites, which demonstrate antimicrobial, antifungal, anticancer, and immunosuppressive properties. The
biosynthesis of many of these secondary metabolites involves polyketide synthases (PKS) and/or nonribosomal
polypeptide synthetases (NRPS). Carrier proteins involved in the biosynthetic pathways must be activated via
post-translational modification through the enzymatic activity of phosphopantetheinyl transferases (PPTases) by the
post-translational attachment of the phosphopantetheine cofactor (PPant arm). The model organism Streptomyces
coelicolor A3(2) has three PPTases: AcpS, SCO6673, and RedU. While AcpS and SCO6673 have been extensively
studied, the substrate specificity of RedU has yet to be elucidated. The present investigation aimed to isolate and
purify RedU PPTase for in vitro assay with several carrier proteins encoded in the red gene cluster. Isolation and
102

purification of the RedU PPTase employed overexpression of redU codon-optimized RedU_29G in E. coli and
V. natriegens cells. While codon-optimized redU_29G led to higher gene expression, the resulting protein was
predominantly insoluble. Nonetheless, preliminary results suggest the phosphopantetheinylation of RedO carrier
protein in the presence of RedU_29G extracts, as well as potentially the RedQ and CDA PCP6 carrier proteins. Although modification of the tandem ACP domains of RedN carrier protein were not observed with the RedU extract,
one ACP domain was modified with the AcpS extract, while both ACP domains of RedN were modified with the
SCO6673 extracts.
Application of Mathematical Methods in the Study of Chemical Dynamical Systems to an Inventory Multiplier-Accelerator Business Cycle Model
Benjamin Bui
Dynamical systems are present in a variety of fields including the study of economics, physics and chemistry. The
study of stochastic dynamical systems was pioneered by Louis Bachelier who attempted to model Brownian motion
to study financial systems although it was later popularized by Einstein and developed into the theory of statistical
mechanics. Economic and financial models quickly began adapting these theories into their own models with the
field of econophysics being developed in order to accommodate these and related ideas. Many notable processes
in chemistry and physics are represented as chaotic dynamical systems; however, chaos is still not a commonplace
point of discussion in macroeconomic theory. In this thesis, I present two previously created business cycle models,
a multiplier-accelerator model with a Robertson lag by Tonu Puu and an inventory cycle model with a Lundberg
lag by Metzler and Wegener, before creating a new model that incorporates these elements from these two models.
This model explains the inability for firms to accurately determine future outcomes on the potentially chaotic or
quasi-periodic behavior of output levels. I find that even given reasonable parameter choice, it is reasonable for the
model to be in a chaotic regime, thus allowing business cycles to be driven endogenously as opposed to through
external, stochastic shocks.
Synthesis and Characterization of Amphiphilic, DNA-Binding Diblock Copolymers
Luke Cai
Amphiphilic diblock copolymers continue to be a promising direction in the development of nanoparticle therapeutics that improve delivery of chemotherapy agents. This approach exploits the various pathophysiological
processes that differentiate cancer from healthy tissue to provide a means of targeted drug delivery. The work
presented describes the synthesis, through the reversible addition fragmentation chain transfer (RAFT) process, of
poly (N,N-dimethylacrylamide) (PDMA), poly (N,N-dimethylacrylamide)-block-poly (methylsalicylateacrylate)
(PDMA-b-PMSA), and poly (ethylene glycol)-block-poly (methyl salicylate acrylate) (PEG-b-PMSA).
The kinetics of DMA RAFT polymerization as well as the reaction between PDMA macro-CTA and MSA were
investigated through 1H NMR spectroscopy and gel permeation chromatography. Both polymerizations proceeded
in accordance with pseudo-first-order kinetics, allowing determination of apparent rate constants kapp: 3.4 × 10-4s-1
and 7.7 × 10-5 s-1, respectively. Additionally, dispersity was relatively well controlled in both reactions. These data
facilitate the future construction of PDMA-b-PMSA polymers with hydrophilic and substitutable blocks that vary
in length.
To access our final PEG-b-P(acrylamide) polymers, PEG113-b-PMSA25 was reacted with two amines, N,N-diethylethylenediamine (DEEN) and N,N-diethyl- 1,3-propanediamine (DEAPA), to produce poly(ethylene glycol)113-block-poly(N-(2-(diethyl amino)ethyl)acrylamide)25 (PEG113-b-PDEAEAM25) and poly(ethylene glycol)113-block-poly(N-(3-(diethylamino)propyl)acrylamide)25 (PEG113-b-PDEAPAM25) at nearly quantitative yields.
The critical micelle concentrations (CMCs) of both amphiphilic diblock copolymers were determined to be within
the range required for use as a method of intravenous drug delivery, with the first aggregation event for PEG113b-PDEAEAM25 occurring at 3.5 × 10-4 mg/mL while that for PEG113-b-PDEAPAM25 was 2.7 × 10-4 mg/mL. In
both polymers, the formation of aggregates with differing morphologies was detected at 6.9 × 10-2 and 6.5 × 10-2
mg/mL, respectively. The abilities of the diblocks to form DNA-polymer complexes (micelleplexes) were probed
through gel electrophoresis and transmission electron microscopy, with PEG113-b-PDEAEAM25 found to abrogate
electrophoretic mobility of linearized pcDNA3.1 plasmid DNA at an N/P ratio of 2, while PEG113-b-PDEAPAM25
neutralized micelleplex charge at N/P = 0.75. These preliminary characterizations establish the potential for PEG103

b-P(acrylamide) polymers for use as chemotherapeutic and DNA delivery vehicles. Further experiments, including
cytotoxicity and drug encapsulation studies, are needed to fully evaluate the utilities of these polymers.
Developing an Assay to Observe Sendai Virus Fusion to Synthetic Target Membranes
Lauren Gunasti
Sendai virus is a paramyxovirus, a family of diverse, membrane-enveloped viruses. Though many of the features of
the family are known and conserved across viruses, key distinctions remain in understanding the Sendai virus fusion
mechanism, including how the process is triggered, how many proteins and involved, and the role of each protein
in the mechanism. The goal of this project was to develop and optimize an assay to visualize Sendai virus fusion to
target membranes. Visualizing the process is the first step towards understanding its mechanism. Understanding the
virus’s mechanism of entry into cells is the first step towards preventing it. In developing and optimizing an assay to
observe fusion, we first addressed optimizing assay components such as membrane quality and virus labeling protocols, then attempted adding adding virus to the experimental setup to observe fusion. Though assay development
was successful, fusion was not consistently observed. Future work will focus on addressing potential causes of virus
inactivation, including modifying our virus labeling protocol.
Volatile Organic Compound Functionalization and the Formation of Secondary Organic Aerosol
Jonathan Hall
Atmospheric aerosol particles pose significant risks to global public health and climate, yet the detailed chemistry
underlying these small particles remains elusive. Within aerosol science, perhaps the largest source of uncertainty
comes from the chemistry of the secondary organic aerosol (SOA) fraction, or aerosol formed from the condensation of gaseous volatile organic compounds (VOCs). While significant work has been done in the past examining
the role of precursor VOC structure on SOA formation, a large gap remains with respect to the impact of precursor
VOC functionalization. This work took a structural approach and studied SOA formation from a suite of monofunctional C10 VOCs: decane, 2-decanol, 2-decanone, and decanal. Atmospheric chamber experiments provided
quantitative information about the yield of SOA from each of these VOCs, and flow tube reactor method development improved our ability to quickly generate the large quantities of SOA needed for off-line analysis. In chamber
experiments, 2-decanone was found to have the highest SOA yield, followed by decane and 2-decanol, with decanal
making the least—possible support for the importance of alkoxy radical intermediates. In the flow tube, following
model studies with α-pinene, SOA generation was successfully observed for decane, 2-decanol, and 2-decanone.
Identifying the Presence and Stability of Intermediates in β-Lactamases TEM-1 and CTX-M-9
Emily Harris
Fully-folded proteins are critical to the survival of cells, whereas partially-folded proteins can have negative physiological consequences. Identifying and characterizing partially-folded intermediate states is therefore important in
predicting the effects that destabilizing mutations have on cell fitness. With β-lactamases as our model system, we
use pulse proteolysis to study the unfolding of TEM-1 (WT TEM) and TEM lacking its native disulfide bond (ND
TEM). By comparing the results of pulse proteolysis experiments to those from melts performed using circular
dichroism (CD) and fluorescence, we determined that proteolysis, like fluorescence, can be used to distinguish the
native and intermediate states in both proteins. Having verified pulse proteolysis as a useful method for studying
these partially-folded states, we demonstrated for the first time that an intermediate state is populated in a homologous β-lactamase, WT CTX-M-9, for which we previously had only indirect evidence. Subsequent pulse proteolysis
experiments conducted using a variant of CTX-M-9 with an engineered disulfide (ED CTX-M-9) indicated that its
intermediate is susceptible to proteolysis, but to a lesser extent than is the WT TEM-1 intermediate. These results
suggest that despite the nearly identical structures of the native states of TEM-1 and CTX-M-9 and their disulfide
variants, the intermediates of these proteins appear to be considerably different in terms of their stabilities, structures, and susceptibilities to proteolysis.
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Improved Understanding of the Importance of Bimolecular Reactions
of Alkoxy Radicals in Organic Aerosol
James Heinl
Atmospheric organic aerosol, condensed-phase particles suspended in the air, have large implications for human
health, visibility, and the environment. Ambient particulate matter is currently the fifth-ranking mortality risk factor.
In addition, aerosol particles possess the ability to scatter visible light, impacting visibility in heavily polluted regions. Organic aerosol impacts atmospheric heating or cooling due to its ability to both scatter and absorb radiation
from the sun, with scattering having cooling effects on the atmosphere while absorbing has warming effects. Organic aerosol’s ability to scatter and absorb light is influenced by both its size and composition, which are partially
determined by chemical reactions which take place within organic aerosol as it ages. Due to the complex chemistry
capable of taking place between the diverse array of highly oxidized organic compounds within the particles, little
is known regarding the types of reactions capable of taking place as well as their relative rates. Current atmospheric
models underestimate the rate at which molecules within these particles become oxidized, with bimolecular radical
oxidation mechanisms hypothesized as an explanation for this. This thesis aims to better characterize the bimolecular reactivity of alkoxy radicals within the condensed phase, aiding in the elucidation of the relevance of this
pathway for radical oxidation. For the generation of low concentrations of alkoxy radicals in solution to simplify
the complex oxidative chemistry of organic aerosol to only the products formed by the alkoxy radical, alkyl nitrites
were photolyzed with UV light. Photolysis was performed in multiple solvents of interest within quartz test tubes
to study the impact of alkoxy radical structure and the composition of surrounding aerosol on bimolecular reaction
facilitation. Solvents examined included hexanes, 2,4-dimethylpentane, methanol, and cumene, with each solvent
acting as a proxy for the local environment of alkoxy radicals within atmospheric organic aerosol. Aliquots were
taken in regular intervals during photolysis, and immediately analyzed using GC-MS. Our results suggest alkoxy
radicals do not react bimolecularly with saturated hydrocarbons within atmospheric organic aerosol, but may exhibit bimolecular reactivity with compounds containing more readily abstractable hydrogens.
Towards the Total Synthesis of Enigmazole A: Studies on a Maitland-Japp Model System
Walker Knauss
Enigmazole A is a phosphorylated 18-membered macrolide natural product isolated from the sponge Cinachyrella
enigmatica. The molecule displays potent cytotoxic activity, although its mechanism of action remains unclear.
Our group plans to synthesize enigmazole’s cis-substituted tetrahydropyran ring using the diastereoselective Maitland-Japp reaction. This thesis focuses on optimizing the diastereoselectivity and yield of the Maitland-Japp reaction on a model system. After a lengthy study, we have selected BF3·OEt2 as an appropriate Lewis acid for the
ring-forming transformation, and developed conditions which favor formation of the cis-substituted diastereomer.
To simplify purification and reduce the step-count of the total synthesis, we have developed a one-pot procedure
for tetrahydropyranone formation and subsequent decarboxylation. Finally, we have unambiguously assigned resonances in the H-NMR spectrum of the Maitland-Japp products using 1D selective gradient NOESY experiments.
Our work on a model system demonstrates the utility of the Maitland-Japp reaction as a method for tetrahydropyran
ring formation in a total synthesis of enigmazole A.
An Extended Higgins Model of Glycolysis in Hepatocytes
Bryanna Lee
Glycolysis is one of the most common metabolic processes, and therefore is one of the most extensively studied
and well understood biochemical processes. This pathway is a highly important metabolic pathway that occurs in
the cytoplasm of almost all organisms, both eukaryotic and prokaryotic. Like many biological systems, glycolysis
undergoes oscillatory behavior. A glycolytic oscillation is the repetitive changes in the concentration of metabolites,
which has been classically observed experimentally in yeast and muscle. Given the variety of oscillatory behavior
that any particular system can demonstrate, studies of oscillations can reveal the changes occurring within a system
at the molecular level. Therefore, the use of computational models to describe biochemical oscillations can provide
a useful method of predicting and controlling the outcomes of reactions.
The Higgins model was proposed in 1964 which described glycolytic oscillations in yeast. While this model provided influential insights into the glycolytic oscillations of yeast, it was an oversimplification of the mechanism and
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since then there have been many other modifications to the model to increase its accuracy. In this thesis, the Higgins
model was further modified to create a preliminary four variable model for glycolysis in hepatocytes by incorporating the PFK-2/FBPase2 pathway. Using this model, we were able to shed insight into which parameters were most
important in controlling glycolytic oscillations, specifically focusing on the expression of PFK-1, FBPase, PFK-2,
and FBPase2. Analysis of this model showed that the efficiency of activation for PFK-1 and the expression of PFK-2
had largest effects on the model. Our model therefore offers a more elaborate depiction of microscopic and macroscopic oscillations and therefore has increased the overall understanding of glycolytic oscillations in hepatocytes.
Examining Sphingolipid Function in Physcomitrella patens
Through Application of the CRISPR/CAS9 System
Oscar Merino
Sphingolipids are a class of membrane lipids that connect to a sphingoid base backbone called sphingoid long chain
base. These molecules are widely distributed components of plant and animal membranes. In addition to maintaining membrane structure, they have also demonstrated signaling and regulatory properties. Sphingolipid research
has mostly focused on advancing the understanding of their role in animal systems. Recently, many scientists have
aimed to better understand of the roles of sphingolipids within plants systems. In this research, I used moss, Physcomitrella patens, as a model system to generate mutants that would facilitate studying the roles of sphingolipids
in plants. Moss is one of first land plants and an important marker in the evolutionary history of plants. Sphingolipid
research on moss can give insights into the evolution and developmental processes of land plants. With the application of the CRISPR-Cas9 system, we designed a system to target moss’ singular sphinganine hydroxylase (SH)
gene, generate a knockout and stop production of the t18:0 sphingolipid. We developed a set of expression vectors
that target and knockout the SH gene.
Mapping PFOA Contamination in the Bennington Area: A Closer Look at the Analytical Methodology using Liquid Chromatography Mass Spectrometry Time-of-Flight Instrumentation
Neena Patel
In 2016, Perfluorooctanoic Acid (PFOA), a synthetic, persistent, environmental pollutant, was discovered in the
ground water of North Bennington, VT. The cause of the contamination was the Chemical Fabrics Factory, which
was known for its production of Teflon™ products. The plant was active in the area from 1968-2002. PFOA is a
byproduct of Teflon™ production has many health effects that are not well understood. PFOA is a known carcinogen, has been labeled as a hepatotoxin, renal toxin, immunotoxin, genotoxin, neurotoxin, and possibly disrupts
endocrine and developmental activity.
We performed preliminary studies on the mobility of PFOA throughout the environment by collecting samples of
soil, vegetables, and water, extracting PFOA from them, and quantifying PFOA concentration. While we were able
to sample and extract most of our soil and vegetable samples, there is still work on our analytical protocols using
the Liquid Chromatography Mass Spectrometry Time-of-Flight (LC-MS/TOF) instrument that needs completion.
Our methodology is unusual because most work of this type uses a LC-MS/MS system. Because of this new analytical methodology, more troubleshooting is required before we can confidently say that our protocols are sound and
reliable. Due to the timeline of our project, we were not able to complete analysis of our processed water samples,
so those data are not included in this thesis.
Towards a Deeper Understanding of the Stereochemical Outcome
of Zinc-Mediated Deuteration of Iodotetralins
James Rasmussen
Deuterium is the second most common isotope of hydrogen and has the potential to serve as a potent marker in
mechanistic studies or as a means of augmenting existing drugs and their dosage levels. The process of zinc-mediated deuteration has been optimized by students in the Richardson/Thoman lab, a reaction that novelly uses
deuterium oxide as the deuterium source and which shows interesting stereochemical outcomes. The design of a
substrate that can probe the stereochemical details of this reaction would allow for definitive proof that retention of
stereochemistry is a feature of zinc-mediated deuteration. Previous students successfully synthesized the Z-form of
an alkene, which was cyclized into substrate with a tetralin scaffold and two carbon centers of chirality such that
NMR spectroscopy could show the stereochemical orientation of the deuterated products. Previous work with deu106

teration of the this iodotetralin found that the process was highly stereoselective; the question remained of whether
the complementary E-alkene would produce a corresponding iodotetralin would subsequently also undergo deuteration in the same stereoselective manner. The pursuit of the synthesis of this E- alkene was carried out through the
Julia-Kocienski olefination process that is known to form products with a trans-double bond relationship. Significant progress was made in this synthetic approach, including the synthesis of the specific ethyl sulfone tetrazole
reagent necessary for olefination, and the testing of this reagent on two model aldehydes. The continued pursuit
of this synthetic scheme will ultimately lead to the desired iodotetralin and to definitive experiments probing the
stereochemical outcome of this novel zinc-based deuteration process.
Encapsulation of Copper(II) via Amphiphilic Diblock Copolymers
Anna Ringuette
Environmental remediation of heavy metals, including copper, lead, and mercury, is a pressing issue for ecosystems and public health. Polymers capable of binding and encapsulating toxic metal ions for their removal from aqueous media are a promising solution. In this work, three amphiphilic diblock copolymers,
poly(dimethylacrylamide)-co-poly(N,N-(diethylamino) ethyl acrylamide (pDMA-co-pDEEN), poly(dimethylacrylamide)-co-poly(N,N-(dimethylamino) ethyl acrylamide) (pDMA-co-pDMEN), and poly(dimethylacrylamide)-co-poly(N,N-(dibutylamino) ethyl acrylamide) (pDMA-co-pDBEN), were synthesized and tested for their
metal binding and micelle forming properties. The reported copolymers were all synthesized via nucleophilic substitution from the same parent diblock, enabling direct comparison between the three copolymers.
Here, the Cu(II) binding of the pDMA59-co-pDEEN93 and pDMA59-co-pDMEN93 copolymers was demonstrated via
UV-Vis spectroscopy and Job’s Method analysis. These copolymers have a loading capacity of 69 mg Cu(II) and
155 mg Cu(II) per gram of copolymer, respectively. Furthermore, the formation of aggregates in aqueous solution
was studied for the substituted diblock pDMA59-co-pDEEN93. DLS and TEM experiments support the formation of
polymeric micelles with pDMA59-co-pDEEN93 alone as well as with Cu(II) ions in solution. The enhanced contrast
in the TEM images for micelles with Cu(II) ions in solution indicates that the micelles of pDMA59-co-pDEEN93
do encapsulate the metal ions. Further metal binding studies, including UV-Vis, IR, and AAS spectroscopy experiments, are planned for the next stage of this project to further elucidate the behavior of this family of copolymers.
Lead Optimization of Amidopyrazole-based Anti-Leishmaniasis Drugs
Bethel Shekour
Neglected tropical diseases (NTDs) are a group of diverse diseases prevalent in regions of the world where there
is little access to clean water, leading to unsanitary environments in which such diseases can thrive. Neglected
diseases are termed as such because they have more or less been abandoned by large pharmaceutical corporations
that have diverted their focus to other more lucrative illnesses. To bridge this gap between the need for research
and treatments for neglected diseases, organizations such as Drugs for Neglected diseases (DNDi) outsource the
skillsets of various institutions ranging from small liberal arts colleges to large pharmaceutical companies for the
overarching goal of developing and delivering drugs to regions affected by NTDs.
Leishmaniasis is one of the diseases that have been studied since the establishment of DNDi. Based on a target
product profile list containing criteria for potential drugs, DNDi has identified three classes of candidate drugs for
Leishmainiasis: the nitroimidazole class, the oxazolone class and finally the aminopyrazole class. Within the aminopyrazole class, some molecules are in Phase 1 clinical trials while others are still in the lead optimization stage.
We have been researching the synthesis of amidopyrazole candidates through amine- carboxylic acid coupling reactions using various coupling agents, namely, EDC/HOBt, HATU and BOP. We have investigated the couplings of
amino acids, Boc-phenylalanine, Boc-alanine, Boc- methoxytyrosine and Boc-histidine with the DNDi amine 1. I
report herein the synthetic methodologies for these amides.
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Characterization of a Partially-Folded Intermediate in β-Lactamase CTX-M-9
Lauren Vostal
Proteins spontaneously fold into their most thermodynamically stable state; but for many proteins, alternative or
partially folded states also exist at equilibrium. A protein’s sequence determines its entire energy landscape, which
describes all the accessible conformations and their relative populations. To understand how a protein’s energy
landscape is encoded by its sequence, we study two homologous enzymes involved in antibiotic resistance, TEM-1
and CTX-M-9, by monitoring denaturation through fluorescence and circular dichroism (CD). The homologs have
high structural similarity and consist of two structural domains, α and α/β.
However, they differ in stability and in the number of states populated at equilibrium: CTX-M-9 exhibits a two-state
denaturation curve, whereas TEM-1 has an additional intermediate state by CD. Because TEM-1 has a disulfide
bond in the α domain that CTX-M-9 does not, we introduced an analogous disulfide bridge in CTX-M-9 that revealed an intermediate state that is structurally distinct from the TEM-1 intermediate. Our data support a structural
model for the CTX-M-9 intermediate in which both the α and α/β domains preserve most of their secondary structure, but tertiary interactions, particularly at the domain interface, are not well formed. Here, we substantiate the
existence of and further characterize the partially-folded intermediate in wild- type CTX-M-9 by removing each
fluorescent probe—the endogenous tryptophan residues—one at a time. Tryptophan mutations in the engineered
disulfide CTX-M-9 background further support our model for the intermediate, whereas tryptophan mutations in the
wild-type background are more difficult to interpret due to their negative effect on stability.
Characterization of this intermediate and the folding models for TEM-1 and CTX-M-9 will enable us to elucidate
the importance of a protein’s sequence in encoding its energy landscape and investigate the role of an intermediate
population in enzymatic function and evolution.
Probing Membrane Organization Determinants of Sendai Virus Receptor Binding
Dragan Vujovic
We employed a biophysical approach in developing and optimizing an assay for studying Sendai Virus binding to
artificial target lipid-membranes whose chemical composition could be arbitrarily controlled. Assay development
included microfluidic flow device preparation, reliable lipid membrane formation, immunofluorescence confirmation of labelled virus, determination of virus particle concentration, and putative observation of virus binding. We
were, however, unable to notice robust differences in binding between bilayer conditions in which GD1a receptor
concentration was altered, which will be motivation for upcoming experiments.
Towards the Synthesis of Branched Fluorocarbon Thiols for Their Use
in the Self-Assembly of Gold Nanorods
Caroline Weinberg
Gold nanoparticles have been the center of much recent scientific study due to their tunable optical, electrical, and
chemical properties as well as their biocompatibility. The Park Group is interested in investigating the self-assembly
of gold nanorods and nanoparticles into organized materials. Self-assembly can be induced via the self-segregation
of chemically distinct ligands on the surface of gold nanoparticles. To investigate such behavior, we propose the
synthesis of a family of hydrocarbon and fluorocarbon thiol ligands, both straight chain and branched. In this work,
significant progress is made towards the synthesis of branched fluorocarbon thiol ligands. Additionally, this work
accomplishes some of the preliminary preparation and ligand exchange studies of gold nanorods that will be necessary in order to continue this research forward in the future.

Computer Science
Trash Talk: Efficient Garbage Collection of Log-Structured File Systems on Disk and Modern Memories
Ari Ball-Burack
Hardware improvements in the 1990s motivated the development of the log-structured file system, and in the last
ten years the ongoing replacement of disk with NAND memory has reignited interest in log-structured techniques.
Log-structured file systems require contiguous regions of free disk space, and as such mandate periodic garbage
collection. The efficiency of garbage collection is highly dependent on the selection of segments for garbage col108

lection. Proposed algorithms for determining which segments to garbage collect when space is needed generally
consider two factors: segment utilization and segment age. This thesis explores the relationship between segment
age and garbage collection efficiency by both mathematical analysis and computer simulation of various simplified
file system models. We find that the heuristic used for segment selection should be age-aware, but that age should be
weighted to a lesser degree than segment utilization. The degree to which age should be discounted appears dependent on system-wide utilization. We also find that despite being less representative of data update speed, high performance may be achieved by considering the age of a segment as a whole, rather than the age of its constituent data.
Watching the Watches: Leveraging Smartwatches for Secure Transient Group Tracking
Miranda Chaiken
It has become a cliche to complain about kids today and their slavish addiction to those “touch phone iPod MP3s.”
However, as these devices proliferate, even the “darn kids” have begun to worry about their levels of engrossment
in and attachment to their smartphones. Many have begun turning to other types of devices to “stay connected” but
without the full phone. This concern around addiction is paired with an increasing awareness of the privacy threats
that smartphone users expose themselves to. One of the most serious of these is around location sharing. Despite
the concerns, location sharing is clearly appealing, but also a threat, and increasingly smartphone users want these
appealing features, but stronger security guarantees, more control over what data they share and whom they share
it with. Beyond the security concerns, smartwatches also present a number of limitations compared to the phone. In
this thesis I outline an application which allows for secure location sharing with a limited group on a smartwatch
which speaks to this growing trend. I hypothesize that based on the Apple Watch’s described capabilities it is possible to build an application of the described type which scales effectively, uses battery efficiently, and accurately
shares the location with minimal sacrifices and trade-offs. If it is possible, then this technology is not currently being
used to its full potential.
Classifying Reading Annotations with Machine Learning
Nam Nguyen
Most of us started to read when we were little, but rarely do we question how the way we read shapes the way we
learn about the world. Our choice of reading strategies tend to vary based on the types of document we are interacting with and the purposes of our reading. Since, in essence, reading is the act of synthesizing knowledge and
information from a body of text, the way we read can reveal a lot about us as learners. In an educational setting,
reading strategies are known as a reliable indicator for the learning outcome of students. Knowing how students
engage with reading materials can help instructors provide an accurate assessment of their students’ progress and
adjust the curricula to meet the needs and the abilities of their students.
However, because students rarely vocalize their thoughts while reading, it is difficult for instructors to keep track
of the cognitive process that takes place in a student’s mind while that student reads through a text. The closest evidence for a student’s thought process is his reading annotations, which contain records of the interpretive activities
that the student performs to comprehend the text. Even though reading annotations are easily accessible, the task
of collecting and analyzing reading annotations from a large number of students can be quite intensive in term of
time and human resources. To help instructors gain insights into the ways their students read without having to read
through several thousands reading annotations, we use data collected from Lacuna, a digital annotation platform, to
build an automatic classifier capable of identifying reading strategies based on reading annotations. In this thesis I
present the methodologies for building and testing the classifier as well as analysis that includes both general metrics and manual examination of the classifier’s predictive outcome. The overall performance of the classifier is far
from stellar, but we were able to achieve a classification accuracy closed to that scored by human experts on several
categories. Thus, despite not being able to produce a reliable classifier, this study shows the promise of machine
learning in identifying reading strategies based on digital annotations.
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Geosciences
Impacts of Debris Flows on Landscape and Future Flood Risk in Southern, Coastal California
Monica Bousa
Montecito, California is a small, unincorporated village in Santa Barbara County, California. Situated between the
Santa Ynez Mountains and the Pacific Ocean, the local geology consists of two main units of sandstone. With a total
area of 23993.65 km2, and a population of roughly 9,000, this community experienced significant devastation when
21 residents were killed in catastrophic debris
flows in January of 2018. LiDAR data obtained in 2015, prior to the debris flow, and LiDAR data taken 11 days after
the flows in 2018, were converted into DEMs and analyzed to determine the effects of the debris flows on landscape
and future flood risk. Channelization in the Santa Ynez Mountains was quantified and evaluated, showing that the
density of the drainage network significantly increased following the debris flows. Topographical analysis using
channel cross-sections of the two most significant creeks in Montecito showed changes in channel forms due to the
debris flows. These changes contributed to changes in flood stage elevation between 2015 and 2018. San Ysidro
Creek showed evidence of incision and erosion, leading to lower flood stage elevations post- debris flows. Montecito Creek showed evidence of sediment deposition, leading to higher flood stage elevations post-debris flows.
The data suggest that debris flows can effect serious changes on landscape and future flood risk well after they have
occurred, changing the topography of the landscape through deposition and erosion.
Unravelling the Role of Plants in Riparian Sedimentation
Daniel Donahue
At a scale of over 30 kilometers, changes in sedimentary deposition in a river's floodway over a period of ten years
can be observed to be controlled by vegetation. The micro-scale effects of plants on the water column and sediment
retention, which are well modeled and documented, can be witnessed and measured at very high scales. Using a
DEM of Difference and vegetation cover data, this study focused on the Lower Yuba River. Plant driven sedimentation was well-recorded within 4 to 28 meters from the channel on vegetation dense bars. The consistency of vegetation driven sedimentation links to barscale avulsion processes. The strength of this signal at the size of this scale
provide useful parameters to apply modeling at higher levels in future work.
Impact of Summer and Fall Storms on Arctic Sea Ice Freeze-Up Timing
William Downs
Arctic sea ice has declined in spatial coverage over the past few decades. Most sea ice freezes up in the fall and
melts in the spring. Storm activity in the Arctic affects surface water temperatures, so summer and fall storm activity
may impact the timing of sea ice freeze-up in the fall. Here, I compile an annual record of freeze-up and melt dates
for Arctic sea ice since 1980 and correlate these two date datasets. I also use atmospheric reanalysis products to
generate a record of storm activity since 1980 across the Arctic, and correlate storm activity to fall freeze-up timing.
There is a definite relationship between freeze-up and melt timing, though this relationship is obscured by sea ice
movement. Likewise, there is a relationship between summer and fall storm activity and fall sea ice freeze-up timing, though this relationship is complicated by factors like air temperature, wind direction, and ocean stratification.
The Tectonic Origin and Alteration History of Metabasalts Preserved on South Island, New Zealand
Caroline Hung
The Taieri Mouth locale at the Chrystalls Beach Metabasalt Formation (CBMF) in the South Island of New Zealand
consists of pillow lava and breccia that range from well-preserved to extremely sheared and deformed. The assemblage also contains spectacular veins of epidote with quartz and chlorite that have not been closely mapped and
sampled prior to this thesis. Because the tectonic affinity of the CBMF is not well-correlated with the surrounding
terranes of the Otago Schist in the literature, it serves as an excellent site to explore the tectonic origin and metamorphic history through field, petrographic, and geochemical methods.
Structural observations and cross-cutting relations of fractures and faults at various scales indicate the presence of
a concentrated upflow zone of vertical to sub-vertical epidote veins common to mid-ocean ridges. Sulfide minerals
suggest the alteration of the fractures are predominantly from low-temperature hydrothermal fluid-rock interac110

tions (250-300°C). Geochemical and isotopic data further corroborate the on-axis origin of the tectonics where
the spreading rate was relatively slow. The preserved outcrop at Taieri was once stratigraphically positioned at the
surface to within the upper portion of the oceanic lithosphere. δ18O v. 87Sr/86Sr relationship of the Taieri samples
shows its fit to numerous other recognized ophiolites of Phanerozoic origin, and that peak metamorphic age is within the Triassic-Jurassic. The preserved alteration textures amongst a cataclastic fabric show seafloor hydrothermal
alteration likely predated deformation. There is a lack of evidence for subduction-related metamorphism with the
presence of euhedral crystals, twinning features in plagioclase and lack of calcite or other prograde minerals in the
Taieri outcrops.
Multiple events of seafloor hydrothermal alteration due to episodic faulting on- or near- axis may have led to changes in crustal density and have implications for the preservation and emplacement mechanism of the delaminated
crust in the CBMF. The seafloor hydrothermal alteration history preserved in the Taieri pillows and veins allowed us
to discriminate among the previous geologic interpretations of the CBMF. To accommodate for the different basaltic affinities within the CBMF, we suggest the Akatore Creek ocean-island basalts of a fragmented seamount were
emplaced after the Watson and Taieri mid-ocean ridge basalts of the crust. Overall, the CBMF should be considered
as a younger, separate terrane fragment from its neighboring terranes of the Otago Schist orogenic belt.
Geomorphology and Tectonism in Colorado’s Southern Front Range: Implications of Boulder and Volcanic
Deposits on the Late Eocene Erosion Surface
Erikka Olson
One of the most prominent geologic features of central Colorado is the Late Eocene Erosion Surface (LEES), a
widespread area of gentle topography stretching across the frontal ranges of the Southern Rocky Mountains at an
average elevation of ~2600 m. While extensive research has been done to characterize the origin and history of the
LEES, this study provides a new approach, focusing on an E - W transect of the surface over its widest point at approximately 39° north. We use prominent deposits of rounded boulders (some up to 5 m in diameter) and pyroclastic
flow remnants that rest directly upon the surface to better understand the evolution of its topography, drainage networks, and tectonic modification. Determining the provenance of the boulders provides an approximation of their
transport distance, raising the question of how these massive boulders were moved over a surface of allegedly low
relief. New analyses of boulder chemistry indicate lithologic sources up to 15 km from the deposits, primarily to
the northwest. Given the size of the boulders and the lack of fluvial sedimentary structures, we propose debris flows
along channels as a potential transport mechanism from source to deposit. Uplift of the Puma Hills (10 - 15 km to
the west), temporally constrained by new correlations of the 37 Ma Wall Mountain Tuff on both sides, is proposed
as a potential source of slope for debris flow inception.
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Mathematics and Statistics
First Steps Towards Characterizing the Completions of Catenary Domains
Andrew Aramini
Let T be a complete local ring of dimension at least 3. For any finite set of nonmaximal, nonassociated prime ideals
of T, there exists a local domain S such that the completion of S (with respect to its maximal ideal) is T, and each
prime ideal in the chosen set has the same intersection with S. Furthermore, this intersection is equal to the principal
ideal yS for some nonunit, nonzerodivisor y in T. In addition, there exists a countable subset of the prime ideals of
T such that each such prime ideal's intersection with S is also equal to yS.
Bayesian Hierarchical Model for Estimating Particulate Matter (PM10) Levels in South Korea
Youngsoo Baek
High levels of particulate matter (PM) have raised health concerns in the East Asian region, including South Korea,
China, and Japan. The volatile nature of particle transport, and the complexity of dependencies across multiple
meteorological factors across space and time, pose various challenges to modeling PM levels and making accurate
forecasts. We propose a Bayesian hierarchical regression model for Gaussian process of PM log-levels. The model
extends the Multivariate Spatiotemporal Mixed Model (MSTM) framework proposed by Bradley, Holan, and Wikle
(2015), through choosing the basis functions applicable to point-referenced dataset. Our major innovation is the
extension of Moran’s I basis functions to point-referenced dataset, systematically accounting for historical changes
in the spatial coordinates of the stations in the data. We fit the model to a dataset of particulate matter with diameter
less than 10 μg/m3 (PM10) collected in South Korea, publicly available from the Korean Meteorological Association (KMA). Due to the computationally taxing nature of Markov Chain Monte Carlo methods, we fit models to
three subsamples of the data. Our results show that the model is computationally efficient, produces reliable forecasts of PM levels up to a short lag of 6 to 12 hours ahead, and handles missing values with ease. We benchmark the
predictive performance of our model against a similar hierarchical model based on empirical orthogonal functions
(EOF), which requires imputation of response data. This thesis marks the first attempt to introduce a systematic
Bayesian approach to estimating and forecasting PM level data in South Korean region.
Modeling Resource Cooperation in Invasive Species Bridgehead Systems
Thomas Benz
Bridgehead effects are a recently-discovered invasive species dispersal pattern, whereby invasive populations act as
the source for further invasions. We construct a discrete-time stochastic model of bridgehead invasion systems. Furthermore, we analyze how “resource cooperation” between distinct geographic areas could be effective in reducing
the spread of invasive alien species.
Protein Structure and Knot Theory
Judah Devadoss
A protein’s structure defines its function, and like knots, they can be though of as the embedding of a strand in three
dimensions projected into a two-dimensional diagram. This thesis looks to classify proteins using multiple different
methods, choosing specific structures that will account for the limitations that proteins offer. We will first look at the
basic rules of equality we define for two diagrams. We will then look at representing proteins using Gauss codes, or
a strings of numbers and letters, and how we can equate these codes with changes allowed in diagrams. Finally, we
will look at how we can apply an algebraic group structure to proteins using quandles.
Span of the Bracket Polynomial and Triple Crossing Projections of Knots and Links
Jonah Greenberg
In this paper, we construct a large class of knots for which span [K] = 8c3(K) and then extend ideas about alternating and adequate knots to triple-crossing projections by using the class of knots for which span [K] =8c3(K) as the
analog for alternating in the triple-crossing case.

112

Expanding Zero-Forcing to Multi-Color Forcing on Graphs
Neel Jain
Let G = (V, E) be a finite connected graph with all vertices colored blue or white, where V is the vertex set and E is
the edge set. The vertices in set V can either be a vertex colored blue or a vertex colored white of G. Now consider
the following rule/condition: if u,v ∈ V and u, a blue vertex, has only one white neighbor, v, then u forces v to
become blue. This process is repeated for all vertices in V until it cannot occur anymore. This process is known as
zero-forcing. In this thesis, we propose a theory that expands the idea of color forcing called multi-color forcing. We
propose a color forcing step and show that under all possible coloring rules all graphs results in a unique termination
state. Moreover, we study the theory that arises from choosing this color forcing step. We end the thesis by giving
some future areas of study.
Topology of Random Simplicial Complexes
Zhiqi Li
Simplicial complexes are used in topological data analysis (TDA) to extract topological features of the data. In this
thesis, we are interested in understanding the topological invariants of simplicial complexes of data generated from
a stochastic process. We study the expected values of Euler characteristics and Betti numbers of random simplicial
complexes from the perspective of TDA. We survey the theory of TDA and random geometric graph theory. We
prove asymptotic formulas of the expected Euler characteristics of random Vietoris-Rips complexes. By incorporating theoretical results of random simplicial complexes and symbolic regression, we propose a computational
approach to understand the Betti numbers and find models for the expected values b0 and b1 of random Vietoris-Rips
complexes.
Tropical Varieties of Cryptography
Jian Hong Lu
In the current state of cryptography, one our most secure cryptographic systems is derived from incredibly simple
curves defined by equations of the form y2 = x3 + Ax + B, also known as elliptic curves. Our thesis further explores
the possibilities of cryptography within the system of tropical mathematics. Mainly we rewrite all operations of
classical mathematics with the operations based on our max-plus semi-ring (R ∩ {- ∞}, ⊕, θ), where x ⊕ y = max{x,y} and x θ y = x + y. Part 1 of this thesis will present some basic definitions, and properties of tropical geometry
so that our readers will get a flavor for the mathematics which we are exploring. In addition, we will present some
definitions and examples regarding metric graphs which will later be used to prove the main theorem. We will also
introduce tropical linear algebra and how this could be used to define a cryptographic system similar to classic
Diffie-Hellman cryptographic systems. Part 2 will introduce classic elliptic curve cryptography, and present a proof
by Vigeland that defines a group law on tropical elliptic curves. We will also present a new different proof of the
doubling map on tropical elliptic curves in R2. This section will also go into detail about how we construct a Diffie-Hellman key exchange algorithm based on the tropical elliptic curve. Part 3 presents and studies a new group
law on tropical elliptic curves in R3.
Bayesian Estimation of Age at First Capture in Mark-Recaputure Studies of Trinidadian Guppies
Sophie Diane Lu
The age of an organism is a strong predictor of organismal fitness. However, in ecological studies, age cannot be
measured directly for many wild populations. Furthermore, age correlates reasonably well with other organismal
traits that researchers can directly measure. The estimation of these traits over successive time periods allows the
estimation of age via these other variables.
The Guppy Project has been conducting a longitudinal study on populations of Trinidadian guppies, the model
organism system used to study ecological and evolutionary processes for over a decade. In order to understand population attributes such as aging and growth in the wild, it is important to be able to identify the age of an organism.
Since the guppies are small and born live, they cannot be marked until they reach a specific length. Thus, the age of
these organisms are unknown at recapture during the monthly mark-recapture procedures.
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We constructed a hierarchical model using a Bayesian framework to estimate the age of a given fish in a population.
Using early-life data and mark-recapture census data from two series of data over consecutive three-months each,
we generated inferences for the birth dates for each fish, which gives the estimates for age for each fish. By this
model structure, we may input the sizes of guppies, measured by standard length, and extract reliable age estimates.
Our hierarchical model structure uses latent categorical indicators to model the imperfect identification of specific
individuals in size cohorts in the mark-recapture study, until the individuals are large enough to receive uniquely
identifiable marks. This approach is novel to methodology in mark-recapture studies.
Here be Legendre Dragons: An Analysis of Paper Folding Diagrams Corresponding
to Values of the Legendre Symbol
Grace McCormick Mabie
We examine patterns and symmetries of the Legendre Symbol with the help of paper folding diagrams. These diagrams, which we call Legendre Dragons, reveal properties of the Legendre Symbol through attributes which we
have named area, slope, and diameter. We conjecture strict upper and lower bounds on the diameter of Legendre
Dragons, which would reveal a new perspective on the randomness of the values of the Legendre Symbol for a
given prime p.
Uncountable Noetherian Rings With Unusual Prime Ideal Structures
Anya Michaelsen
In this paper we construct two rings. The first is an uncountable n-dimensional excellent regular local ring with a
countable spectrum. The second, is an uncountable 2-dimensional ring with two maximal ideals, N and M, where N
contains only countably many prime ideals, all of which are finitely generated, and M contains uncountably many
prime ideals. When localized at N, this yields an uncountable 2-dimensional Noetherian ring with a countable spectrum.
A Novel Method of Stability-Based Cluster Validity for Density-Based and Spatiotemporal Clustering
Eric Rosenthal
We introduce a novel stability-based measure of cluster validity designed specifically for density-based clustering
and spatiotemporal clustering. We demonstrate the properties of this measure on simulated data as well as the Iris
dataset for standard DBSCAN, and demonstrate the effectiveness of the measure at finding optimal clusterings.
We then adapt our measure to work on spatiotemporal datasets and demonstrate its effectiveness by examining its
performance on simulated spatiotemporal data. We apply our validity measure to two real-world spatiotemporal
datasets, one consisting of weather data from Europe, the other consisting of voter registration data from California.
Kostant’s Partition Function and Multiplex Juggling Sequences
Anthony Lamont Simpson
In this thesis, we show the combinatorial equivalence of two combinatorial problems. The first is partitioning the
weights of classical Lie algebras using the positive roots of the Lie algebra. The second problem is counting multiplex juggling sequences with certain properties. We first solve a problem previously posed by Harris, Insko, and
Omar, then show the general combinatorial equivalence of these problems. Our work focuses primarily on partitioning in a Lie algebra of type A, but we relate the results to partitions of weights of Lie algebras of other types and
show some equivalences between two extensions of multiplex juggling sequences.
On Some Symbolic Dynamical Systems or Rank-One and Two
Yuxin Wu
This thesis is divided into two parts. The first part is an exposition on Cellular automata. Specifically, we look at two
different definitions of cellular automata and use properties of cellular automata to prove Hedlund’s theorem which
directly shows the equivalence of the definitions.
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In the second part, we study symbolic rank-one transformations in detail. We provide an intuition in Section 2.5
on how the symbolic sub-shift space is related to measure preserving systems in measure theory. Using symbolic
sub-shifts,we can reduce the abstruse theorems and problems in measure theory into puzzles with binary numbers
that are much easier to understand. In addition to an exposition on existing theorems in rank-one systems, we first
prove Theorem 2.2.5 which shows that the definitions of rank-one words in [4] and [5] are equivalent. We then use
a symbolic argument to prove Theorem 2.4.11 which shows that the Thue-Morse sequence is not a rank-one sequence, before providing definitions of rank-n words and rank-n systems in the symbolic sub-shift space in Section
2.8. Theorem 2.8.6 classifies the conditions which different infinite words can have the same symbolic shift system.
Finally, Theorem 2.9.8 shows that the system associated with the Thue-Morse sequence is not rank-one.

Physics
Electroweak Bubble Nucleation and Bubble Wall Velocities in a Singlet Extension to the Standard Model
Ian Banta
In this thesis we study bubble nucleation and steady-state bubble wall velocity and profile in the ℤ_2 symmetric
singlet extension of the Standard Model. We use the package CosmoTransitions [1] to calculate the phase
transitions, and find that strong first-order phase transitions, as measured by the ratio of the Higgs vacuum expectation value to the temperature at nucleation հn/Tn, are relatively common for a singlet mass ranging from 60 to 140
GeV. This is true both at a minimal level of approximation, including only the Ҩ(T2) corrections to the tree-level
effective potential, and when incorporating the full one-loop corrections for the heavy particles and thermal corrections to the masses.
To calculate the profile of a bubble expanding at a steady-state velocity, we use a relaxation method to improve upon
the hyperbolic tangent approximation which has been standard in the literature. The wall velocity is determined by
the value for which the relaxation method can find a solution to the field equation of motion. Of those points with a
strong first-order phase transition in the singlet particle mass range we examine, approximately a quarter have subsonic bubble wall velocities appropriate for electroweak baryogenesis. These suitable points all have a singlet mass
below 130 GeV. We find that both wall velocity and wall width are well correlated with the amount of supercooling
of the phase transition, measured by (հn/Tn)/(հc/Tc), a ratio comparing quantities at nucleation and criticality.
Progress Towards Ultrafast Electron Diffraction with Nanoemitter Sources
Iona Binnie
This thesis discusses progress towards an ultrafast electron diffraction experiment with the aim of making time
resolved measurements of picosecond-scale dynamics in the atomic structures of solid materials. We focus on
three major elements of the experimental setup: an ultrafast mode-locked titanium:sapphire oscillator, nanoscale
photocathodes, and an ultrahigh vacuum system. We have compressed pulses from a Ti:sapphire laser at 770 nm to
sub-100 fs duration through use of a dispersion compensating prism compressor. Photocathodes with apex radius of
curvature below 100 nm were created through an electrochemical etching process and characterized with the goal
of creating highly coherent low emittance electron beams. Finally, we designed and built a vacuum environment
to ensure atomically clean experimental surfaces and present initial pump-down results reaching ultrahigh vacuum
pressures.
Teasing out the Role of the El Niño-Southern Oscillation in Driving Megadroughts
in the North American Southwest
Anna Black
Megadroughts, or spatially extensive droughts which persist for ten or more years, are a ubiquitous feature of the
paleoclimate record in southwestern North America. In particular, the Medieval Climate Anomaly (8001400 C.E.)
was marked by a notable clustering of megadroughts. It remains unknown what past climatic features created circumstances conducive to megadroughts, but common hypotheses propose that a shift in the mean state of the El
Niño-Southern Oscillation (ENSO) may have played a dominant role in driving these features.
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This study seeks to test the hypothesis that megadroughts are driven by a lack of ENSO of variability in two generations of coupled climate models from the National Center for Atmospheric Research. Herein, a novel approach
to studying the role of ENSO in hydroclimate is introduced, in which the evolving state of ENSO is isolated and
its subsequent impacts on hydroclimate removed. The specific approach extends the optimal perturbation filter
developed by Solomon and Newman (Nature Climate Change, 2012) to include teleconnected precipitation. This
allows us to create a statistical model of ENSO-driven precipitation in the North American southwest, which we
subsequently remove from the precipitation record. Comparing the original and ENSO-residual precipitation datasets, we find that ENSO does not change the overall distribution of drought duration, but results from individual
megadrought events suggest that ENSO can play an important role in driving these features. Nevertheless, there
are inter-model differences, suggesting that the simulation of ENSO determines what role it plays in megadrought
dynamics.
Precision Measurements of Isotope Shifts in the 729 nm E2 Transition of 40-42,44,48Ca+
Felix Knollman
We have conducted a precision measurement of the isotope shifts on the electric-quadrupole (E2) transition at
729 nm of the even isotopes of Ca+. The isotope shift is measured to be 2,771,872,458.7 (8.4) Hz for 40-42Ca+,
5,340,887,395.3 (6.2) Hz for 40-44Ca+, and 9,990,381,868.6 (4.9) Hz for 40-48Ca+. To achieve this parts-per-billion
precision, we used frequency sidebands derived from a narrow linewidth laser to simultaneously interrogate this
narrow E2 transition in co-trapped ions of two isotopes. This measurement provides valuable spectroscopic data for
comparison to atomic and nuclear theory and offers a path towards direct probes of physics beyond the Standard
Model at the level of sensitivity suggested by theorists. Precise measurement of the 40-44Ca+ isotope shift will also
enable future work in the Doret laboratory exploring nanoscale heat transport in mixed-species ion chains.
Toward an Adhesion Based Measurement of Strain-Dependent Surface Stress in Soft Solids
Jeremy Thaller
Surface stress, or surface tension, is a fundamental material property of interfaces. However, our understanding
of solid surface tension and how it changes with deformation remains limited because it is difficult to measure in
traditional stiff materials. Soft materials, including gels, provide a unique opportunity to measure these fundamental
properties because they can be stretched elastically to very large strains. In this thesis, we have developed a new,
adhesion-based approach to measure the solid surface stress of compliant materials as a function of applied strain.
We measure the spontaneous indentation depth as a function of radius for rigid spheres adhered to compliant, sticky
substrates, then fit the results to theory to obtain the surface stress, Y and adhesion energy, W. By subsequently
stretching the substrates biaxially and repeating the experiment, we obtain Y and W as a function of strain, ∈. This
approach is applicable to a wide range of soft materials. In this thesis, we report preliminary measurements for two
types of polydimethylsiloxane (PDMS).

Psychology
What’s Age Got to Do With It? Three Studies of Emotional Reactions to and Treatment Propositions For
Late-Life Depression
Isabel Benjamin
The current study investigated whether the age of a target individual, the severity of their symptoms, and participant
ageism influenced emotional reactions to, and treatment propositions for, people with late life depression (LLD.)
The study was replicated in three populations: Mechanical Turk workers, laypersons who represented family members, (N= 229), medical professionals (N= 77), and older adults, aged 65 and older, (N= 80.) The study used a
vignette-based experimental analogue design, varying the age (44 versus 74) and severity of depressive symptoms
(moderate versus severe) of the individual in the vignette. Participants completed measures of emotional reactions
to the person in the vignette, their treatment recommendations, and ageism. Results of hierarchical linear regression
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models indicated that only for laypersons did ageism moderate the three-way relationship between the age of the
individual, the severity of their symptoms, and responding emotional reactions and treatment recommendations.
Main effects across all three studies indicated that the older individual elicited more negative emotional reactions
on certain dimensions; medical professionals had more anger for the older individual, and older adults had less pity
for the older individual. Treatment recommendations did not differ as a function of target age, symptom severity
or levels of ageism for Study 2 and 3. Results imply that laypersons may hold “healthist” prejudices mitigating
against recommending treatment, which may particularly impact older adults. Moreover, results suggest that medical professionals may be allies in helping recommend treatment to older adults. Future research with actual family
members of older adults with depression is encouraged.
Branched-Chain Amino Acid Supplementation as a Potential Neuro- protective and Neurorestorative Factor in Moderate Traumatic Brain Injury
Masen Boucher
Mild to moderate traumatic brain injuries (i.e. concussion) can cause cognitive, emotional, and behavioral disruption
as well as changes in brain structure and function. Certain populations are at elevated risk of concussion, including
contact sport athletes and military troops exposed to explosives. While significant attention has been directed to
understanding the mechanisms underlying the deleterious effects of concussion along with strategies for facilitating
recovery, work focused on protective factors has been largely limited to equipment (e.g., helmets, seatbelts). Preliminary evidence suggests that dietary constituents, specifically branched-chain amino acids (BCAAs) may be capable
of exerting protective effects. BCAAs, which serve a variety of roles in brain functioning, are depleted following
TBI (Aquilani et al., 2003; Borsheim, Bui, & Wolfe, 2007; Cole et al., 2010; Jeter, Hergenroeder, Ward, Moore, &
Dash, 2013; Ott et al., 1994) and restoration of BCAA levels through supplementation is linked to improved cognitive and behavioral outcomes following head injury (Aquilani et al., 2008; Aquilani et al., 2005; Cole et al., 2010;
Elkind et al., 2015; Elliott et al., 2018; Lim et al., 2013; Paterno, Metheny, & Cohen, 2018; Sandsmark, Elliott, &
Lim, 2017). In this study, I explored whether pre-injury and/or post-injury supplementation of BCAAs influences
anxiety-like behavior, spatial learning, and neural outcomes following a moderate concussion induced by a single
concussive insult administered via closed head impact (CHI) model. This CHI protocol induced a longer latency to
right, suggesting a loss of consciousness, but did not cause a cranial fracture. While CHI did not influence behavior
assessed on the open field task, performance was modulated by BCAA supplementation, with animals that received
BCAAs prior to and following impact exhibiting increased locomotor activity and increased anxiety behavior. The
Morris Water Maze (MWM) task revealed an effect of both impact group and sex. Surprisingly, impact animals
showed better spatial learning than sham animals, and females showed better spatial learning than males. Spatial
learning was unaffected by BCAA supplementation. Histological analyses suggested that moderate TBI induced
diffuse neuron loss and an acute immune response at the site of impact. Together, these findings confirm that this
injury model successfully causes an acute effect on consciousness (as measured by righting latency) along with
histological evidence of cortical damage 11 days following the injury. Unanticipated challenges during behavioral
testing (e.g., construction-related explosions), however, suggest caution when interpreting the behavioral findings,
which did not support our hypotheses. Further research is necessary to better understand the potential role of BCAA
supplementation with regard to outcome following head injury.
Examining the Efficacy of the Family Nurture Intervention Delivered in a Low-Income Housing Community for Mothers and At-Risk Children
Maya Bracy
Previous research on emotional connection, established through intimate and attuned interaction between mother
and child (Welch & Ludwig, 2017), has reported more positive physiological and behavioral outcomes as a result
of the emotional and physiological co-regulatory environment that child and mother provide for each other (Hane
et al., 2018; Frosch et al., 2019). In this thesis, the Family Nurture Intervention (FNI) aims to strengthen the emotional connection of mothers and children, with considerable behavioral problems and social challenges, within a
low-income housing community. Forty-five families with preschool-aged children participated in weekly group
meetings at an assisted housing community center in Norwalk, CT. Of the 45 dyads, 22 were randomly assigned
to a Nurture and Play Intervention (NPI) and 23 were randomly assigned to the FNI. Behavioral coding assessed
emotional connection displayed by each dyad, during a 10 min lap-test, at baseline and 3 months post intervention.
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Change in emotional connection overtime was also measured. Maternal, child and mutual emotional connection did
not differ significantly for families in the FNI group, as compared to the NPI group. However, after accounting for
income and demonstrated need, this thesis examined two additional subsamples: Low-Income and Receiving Aid.
Within the Receiving Aid subsample, dyads who underwent the FNI exhibited higher maternal, child and mutual
emotional connection, in contrast to those who received the NPI 3-months following the intervention. The data
also revealed that, mothers in the FNI condition exhibited a greater response to the intervention from baseline to 3
months, as compared to NPI mothers. These results indicate that the community-based FNI is effective in increasing
the emotional connection of families who demonstrate the most need. This novel intervention and the results found
in this thesis, will inform future replications of the community-based FNI in extending social emotional support to
families who have the most demonstrated need.
Family Nurture Intervention, Emotional Connection, and Lap Test Behavior at Age Four in Preterm Mother-Child Dyads
Abby Brustad
Previous research has shown the importance of mother-child emotional connection and the positive outcomes of the
Family Nurture intervention (FNI) on an infant’s biological and socioemotional development. No prior research has
explored the impacts of the FNI into childhood. Forty-three four-year old children and their mothers participated
in a one-day follow-up study and completed a ten-minute lap test. Of the 43 dyads, 21 were randomly assigned to
Standard Care (SC) and 22 were randomly assigned to the intervention group (FNI). For the first three minutes of
the lap test, real-time behavioral coding was used to examine lap test behaviors. Additionally, emotional connection (EC) was determined using the Welch Emotional Connection Screen (WECS). ECG data was collected during
the lap test and mother and child heart rate (HR) and respiratory sinus arrhythmia (RSA) were calculated. WECS
scores were negatively correlated with maternal discipline and child noncompliance, while positively correlated
with maternal touch and maternal and child vocal behavior. Analysis of the joint effects of FNI and EC on lap test
behaviors revealed two main findings. Dyads in the control group who had high EC showed significantly higher
positive maternal vocalizations than those in the low EC group, while there were no EC group differences for the
FNI dyads, who employed overall high levels of positive vocalizations. Additionally, there was a difference in the
prevalence of positive child touch based on EC in the intervention group, but not the control group, demonstrating
that the highest quality child touch during the lap test occurred for those dyads that were both in the FNI and who
showed high levels of EC. These results illustrate that emotional connection is critically important, but emotional
connection and FNI status may operate in tandem to predict the best outcomes. In addition, this study uses a novel
lap test coding approach and is the first study to evaluate the validity of WECS for a preschool-aged sample, with
implications for clinical use in identifying children at risk of poor relational health.
Does a Lack of Knowledge Prevent Young Children from Inventing when They Otherwise Could?
Danielle Faulkner
Invention, the ability to generate a novel creation in order to solve a problem, is among the most sophisticated cognitive abilities, and is rarely found in nonhuman species. Alongside only a handful of other unique abilities, tool
invention is considered to be largely responsible for the evolutionary success of humans as a species. From chefs
to engineers, adults constantly produce novel, concrete creations in everyday life. Such creations require a complex
coordination of ideas, materials, and problem-solving skills, which are present only in immature form in young
children. Yet we know strikingly little about how young children’s fledgling attempts at invention lead to the mature
capabilities of adults, for whom inventing (at least in its most common and mundane versions), is a trivial task. The
limited research on the development of invention suggests that 4-7 year olds demonstrate a marked difficulty devising a simple tool to retrieve a basket from a narrow space. Follow-up studies have failed to identify any association
between success on this task and cognitive factors such as inhibitory control, working memory, and divergent thinking. Interestingly, new evidence suggests culture may play a role in shaping some aspects of children’s innovative
skills. But in general, the ill-defined problems that invention tasks are thought to represent seem to be beyond the
abilities of young children. Few studies have yet to examine the role of extrinsic factors of the problem-space on
success on this task. The present study investigates whether lacking a pre-existing knowledge repertoire may be the
limiting factor in these cases. Four different knowledge-inductions designed to give children information about various aspects of the task were conducted immediately before the task itself, to test whether conventional knowledge
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facilitated invention. While the knowledge interventions did not facilitate spontaneous invention, they did facilitate
success following a recall prompt. Findings from this study generally support the idea that invention mostly eludes
young children, but suggest that sufficient knowledge and experience may contribute to inventive success.
Repeated Closed-Head Injury in Adolescence Impacts Oxycodone Intravenous Self-Administration in Male
and Female Sprague-Dawley Rats
Anna Leonard
Opioid abuse and traumatic brain injury (TBI), each a serious public health concern in its own right, are also comorbid. Preclinical studies suggest that inflammation and damage from TBI increase drug-seeking behavior, but with
just one prior study investigating opioids. Building on evidence that repeated TBI in adolescence may be a particularly strong risk factor for drug abuse, the current study investigated how repeated closed-head injury in adolescent
Sprague-Dawley rats affected the intravenous self-administration (IVSA) of oxycodone in adulthood. Eighteen rats
(n = 9 male) received 5 consecutive impacts at 24-hr intervals beginning on PND 40, with 12 (n = 6 male) undergoing a sham procedure. Twenty-one completed all facets of oxycodone IVSA testing (e.g., acquisition of oxycodone
IVSA, dose-response, progressive ratio, forced abstinence and cue/drug + cue-induced reinstatement; n = 5-6 per
group). Increased variability was observed in female-impact (FI) and male-impact (MI) rats without significantly
differing from either female-sham (FS) or male-sham (MS) rats. During drug + cue-induced reinstatement testing,
FI rats appeared to respond more than both FS and MI rats, which approached significance (p = 0.06). After the
conclusion of IVSA, neuroinflammation and structural damage were assessed with Iba1 and Cresyl Violet staining,
which revealed severe neurodegeneration (indexed by ventricle size) in both FI and MI rats. Although the small
sample size limits the conclusions of the present work, this preliminary research suggests that repeated adolescent
TBI increases variability in oxycodone self-administration in male and female adult rats, and that these effects might
be more pronounced in females.
Early Adversity and Diurnal Cortisol: The Mediating Effects of Rejection Sensitivity
Among Young Adult Women
Rachel Levin
Research and theory indicate that experiencing severe forms of early adversity (i.e., early life stress) is related
to higher levels of rejection sensitivity, or the tendency to see an ambiguous social situation as rejecting. Early
adversity has also been associated with alterations in hypothalamic pituitary adrenal (HPA) axis functioning, as
measured with diurnal cortisol indicators. However, prior work has not examined whether rejection sensitivity is
related to diurnal cortisol. The present study sought to address this gap by examining whether the accumulation of
relatively less severe forms of early adversity within the family environment (e.g., death of a close family member
or friend) was related to rejection sensitivity, and whether rejection sensitivity was in turn associated with diurnal
cortisol. To do so, 64 female-identifying college students (M = 19.20 years, SD = .65 years) completed objective
contextual early adversity interviews, the rejection sensitivity questionnaire (RSQ; Downey & Feldman, 1996), and
a 3-day saliva collection to assess diurnal cortisol. Results indicated that rejection sensitivity did not mediate the
relationship between early adversity and diurnal cortisol, and that rejection sensitivity was not related to diurnal
cortisol. However, greater early adversity was associated with greater levels of rejection sensitivity across all 3 ways
of conceptualizing its accumulation: sum severity, frequency, and variety. Follow-up analyses revealed that when
conceptualized as sum severity, a greater severity of early adversity before age 5, and between ages 5 and 13, were
each associated with higher levels of rejection sensitivity, whereas the severity of early adversity between 13 and 18
was not associated with rejection sensitivity. Follow-up tests revealed that the severity of early adversity occurring
between birth and 13 was more significantly related to rejection sensitivity than the severity of early adversity occurring between 13 and 18. Future directions of research, and clinical implications for early intervention and later
risk for psychopathology are discussed.
Public Perceptions of School Shooters: When a Shooter Profile Matters
Alexandra Melishkevich
School shootings, a recent focus of media attention, often result in discussion of how to prevent future shootings and
which at risk students to identify for intervention. Two experimental analogue studies were designed to understand
how the public assesses risk in high school students, retroactively assesses risk in shooters, recommends interven119

tions, and perceives the role of mental illness. To test theoretically and clinically important hypotheses, the race of
the student (White, Black), recent stressors in the student’s life (absence, presence), and, if a shooting occurred,
the outcome of the student (arrest, suicide, killed by police), were experimentally manipulated. In Study 1, using a
2 x 2 x 2 factorial design, we presented participants ( n = 345) with a vignette that either described a troubled high
school student, or described the same student along with a statement that the student had completed a school shooting. Some dependent measures included perceptions of school shooter stereotypicality and likelihood of serious
mental illness (SMI). Our results revealed hindsight bias: participants who read about the mere student and the student-turned-shooter differed significantly in judgments of stereotypicality and likelihood of SMI. In Study 2, using
a 2 x 2 x 3 factorial design, participants ( n = 478) read the post-shooting vignette with details about the shooter’s
outcome. Results indicated that our Williams sample, not our MTurk sample, saw shooters who died as more mentally ill. In both studies, participants viewed the White student as more stereotypically a school shooter; overall, the
race of the student exerted some, but not all, expected effects on perceptions of student mental health. Limitations
include small cell sizes and external validity; thus, future research should expand the sample size, test different
means of conveying information about an at risk student to participants, and replicate hindsight bias findings.
“I’m sorry I took your girl, but I’m very charismatic and you know this”: Do Apologizers Know How Their
Apologies are Viewed by Others?
Ben Morton
Apologies serve many purposes in our everyday lives. Among the most important is that they can help to repair relationships and reestablish the flow of normal social interactions following a transgression (Goffman, 1955). Because
apologies are so important in social life, it is important to determine whether people can accurately predict how their
apologies appear in the eyes of others, and because apologies may be delivered for different reasons, it is important
to determine how this affects the way people apologize and expect their apologies to be received by others. Do
apologizers overestimate or underestimate the effectiveness of their apologies? Also, all apologies differ, and each
apology can be broken down into parts - often referred to as apology elements. How do apology elements influence
the way apologies are perceived, from both the apologizer’s perspective and the apology-recipient’s perspective?
Three studies reported here examine whether individuals can accurately predict how their apologies appear in the
eyes of those to whom they have apologized, and also how the presence or absence of apology elements influences
the effectiveness of apologies. Results indicate that apologizers do not have a consistent intuition of how their apologies will be viewed by others. Moreover, different apology elements, such as expression of remorse and acceptance
of responsibility, are more important than others in regard to how apologies are perceived.
Preventing Post-Identification Feedback-Induced Confidence Inflation: Do Numeric or Verbal Confidence
Statements Better Protect Eyewitnesses?
Jessica Muñoz Pérez
Mistaken, yet highly confident eyewitness identification has been found to be a primary contributing factor to
wrongful convictions (www.innocenceproject.org). One key source of eyewitness confidence inflation is confirming
post-identification feedback (e.g. “Good, you identified the suspect”). Such feedback has been shown to inflate the
confidence and other testimony-relevant judgments of eyewitnesses (e.g. Steblay et al., 2014). Past research has
successfully reduced feedback effects among eyewitnesses through numeric confidence prophylactics (i.e. having
eyewitnesses report their confidence before receiving feedback) (e.g., Wells & Bradfield 1999). The present research
sought to extend these previous findings, specifically by determining whether verbal prophylactics are as effective
as numeric prophylactics in moderating feedback-induced confidence inflation. Two experiments provided evidence
to suggest that the feedback effect depends on the format of the confidence statement. Specifically, the first experiment provided support for the hypothesis that verbal prophylactics are not as effective as numeric prophylactics in
moderating feedback effects. The second experiment, however, contradicted these results and brought into question
whether collecting confidence prophylactics in an open-ended format may also influence the effectiveness of confidence prophylactics. This research represents an important step in understanding the differences between numeric
and verbal confidence prophylactics and their effectiveness in moderating feedback-induced confidence inflation.
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Mass Shootings, Mental Illness, and Terrorism: The Contextualization of Mass Shootings and Gun Violence
in the Media and Public
Alice Obas
Since 1990, there have been 87 recorded mass shootings in the United States. In the year 2017 alone, there were 11
shootings – the most ever recorded in a single year. How do we discuss these incidents when they occur? We explore
the discourse in the media and public following mass shooting incidents. Starting with Study 1, we use a computational program to compare the frequency of the words “mental” and “terror” in newspaper articles as a function of
the race of the shooter. In Studies 2 and 3, we investigate how political identification affects the way people perceive
and react to shootings, and whether the information they seek out confirm their preferred political narratives. We
end with Study 4, which explores how conservatives and liberals might further differ in their reactions and opinions
following mass shootings. Results suggest that there may be a bias in the way the media reports mass shooters.
Additionally, we find evidence that conservatives and liberals may differ in the ways they react to and think about
mass shootings. These studies provide initial evidence that the way we frame our discussions about mass shootings,
gun violence, and mental illness are both racially, and politically biased.
Adverse Childhood Experiences, Expressed Emotion about Childhood, and Cortisol Reactivity
in Emerging Adults
Joseph Wilson Jr.
Adverse childhood experiences (ACEs) have been shown to have negative physiological, mental, and behavioral
outcomes among individuals. One such relationship is a dysregulated HPA axis following a stressor. Abnormal
cortisol reactivity during stressful tasks may be related to the way individuals express emotion and indicate a
mechanism through which individuals are predisposed for mental and physical illnesses The overall goal of the
current study was to address the ways adverse childhood experiences (ACEs) relate to emotional expression about
childhood and biological stress reactivity in emerging adults. A selected sample of undergraduate students (14
controls [reporting 0 ACES], 14 ACEs [reporting 4 or more ACES]) participated in a laboratory visit to assess their
response to various types of laboratory stressors. A modified Five-Minute Speech Sample was obtained to assess
a novel construct of childhood expressed emotion (CEE). Cortisol reactivity was assessed before, 15 minutes after
and 45 minutes after a finger stick blood sampling procedure. Results revealed that positive and mixed comments
were positively associated with each other, and that individuals with ACEs had significantly higher levels of global
negativity when compared to individuals who have not experienced any childhood adversity. In addition, there was
a non-significant trend in differences in cortisol reactivity among the ≥4 ACEs group and 0 ACEs group, with the
≥4 ACEs group showing higher levels of cortisol across the visit and less evidence of recovery by the end of the
visit relative to controls. Basal cortisol was also shown to be related to the amount of mixed comments an individual
made about their childhood, such that participants who had higher levels of cortisol at the start of the laboratory visit
were more likely to also make more comments of a mixed emotional nature about their childhoods. Data support
that psychotherapy may be helpful to reduce underlying hostility by having those who faced adversity talk directly
about their experiences, which may in turn improve neuroendocrine responding to and recovering from stress.
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Abstracts from Faculty and Student Publications
Astronomy
Co-spatial UV-optical HST/STIS spectra of six planetary nebulae: Nebular and stellar properties
T.R. Miller, R.B.C. Henry, B. Balick, K.B. Kwitter, R.J. Dufour, R.A. Shaw, and R.L.M. Corradi
Monthly Notices of the Royal Astronomical Society, 482, 278, 2019
This paper represents the conclusion of a project that had two main goals: (1) to investigate to what extent planetary
nebulae (PNe) are chemically homogeneous; and (2) to provide physical constraints on the central star properties of
each PN. We accomplished the first goal by using HST/STIS spectra to measure the abundances of seven elements
in numerous spatial regions within each of six PN (IC 2165, IC 3568, NGC 2440, NGC 5315, NGC 5882, and NGC
7662). The second goal was achieved by computing a photoionization model of each nebula, using our observed
emission line strengths as constraints. The major finding of our study is that the nebular abundances of He, C, N, O,
Ne, S, and Ar are consistent with a chemically homogeneous picture for each PN. Additionally, we found through
experimenting with three different density profiles (constant, Gaussian, and Gaussian with a power law) that the
determination of the central star’s temperature and luminosity is only slightly sensitive to the profile choice. Lastly,
post-AGB evolutionary model predictions of temperature and luminosity available in the literature were plotted
along with the values inferred from the photoionization model analysis to yield initial and final mass estimates of
each central star.
Spectroscopy of known and suspect be stars in open clusters
S. P. Souza and K.B. Kwitter
233rd Meeting of the American Astronomical Society Seattle, WA, January 2019, BAAS. 51, 249.04
In the course of our study of Hα emission variability in massive (primarily Be) stars in young open clusters using
serial narrowband photometry (Souza, Davis and Teich 2013, BAAS. 45, PM354.22; Souza, Beltz-Mohrmann and
Sami ’16 2014. JAAVSO, 42, 154) a number of stars of interest emerged. Some we suspected to be Be stars based
on narrowband colors, or based on broadband colors plus apparent irregular variability; others exhibited possible
emission or irregular variability, but lacked complete or recent spectral classification. We therefore obtained medium-resolution blue and red spectra of ~20 of these stars using the DIS spectrograph on the ARC 3.5-meter telescope
at Apache Point Observatory, and used Gray (Gray, R.O. 2009, A Digital Spectral Classification Atlas, V1.07) as a
classification reference. In this manner we previously classified BD+35 1111 as B2Ve, the only confirmed Be star in
the field of M38 (Souza, Kwitter, Sami ’16 and Beltz-Mohrmann 2013, BAAS. 46, PM291.05). In the present work
we classify 6 new Be stars previously lacking either known hydrogen emission, B or OB classification, or both. We
also provide new or refined spectral classifications for 4 known Be stars and 6 non-Be early-type stars. We gratefully acknowledge support from Williams College. This work is based on observations obtained with Apache Point
Observatory's 3.5-m Astrophysical Research Consortium Telescope.
Predicting the corona for the 21 august 2017 total solar eclipse
Mikic, Zoran, Cooper Downs, Jon A. Linker, Ronald M. Caplan, Duncan Mackay, Lisa Upton, Pete Riley, Roberto Lionello, Tibor Török, Viacheslav Titov, Janvier Wijaya, Miloslav Druckmüller, Jay M. Pasachoff, and Wendy
Carlos
Nature Astronomy 2, pp. 913–921
The total solar eclipse that occurred on 21 August 2017 across the United States provided an opportunity to test a
magnetohydrodynamic model of the solar corona driven by measured magnetic fields. We used a new heating model
based on the dissipation of Alfvén waves, and a new energization mechanism to twist the magnetic field in filament channels. We predicted what the corona would look like one week before the eclipse. Here, we describe how
this prediction was accomplished, and show that it compared favourably with observations of the eclipse in white
light and extreme ultraviolet. The model allows us to understand the relationship of observed features, including
streamers, coronal holes, prominences, polar plumes and thin rays, to the magnetic field. We show that the discrep122

ancies between the model and observations arise from limitations in our ability to observe the Sun’s magnetic field.
Predictions of this kind provide opportunities to improve the models, forging the path to improved space weather
prediction.
Images and spectra of the 2017 total solar eclipse corona from our Oregon site
Pasachoff, Jay M., Christian A. Lockwood, Erin Meadors, Ross Yu, Cielo Perez, Marcos A. Peñaloza-Murillo,
Daniel B. Seaton, Aris Voulgaris, Ron Dantowitz, Vojtech Rušin, Thanasis Economou,
Frontiers in Astronomy and Space Sciences: The Great American Eclipse of August 21, 2017 - Connecting Solar
and Terrestrial Science, Frontiers in Astronomy and Space Sciences
We report on early results from a suite of instruments for imaging and spectra we deployed to Salem, Oregon, for
2 min of totality at the August 21, 2017, total solar eclipse. Our instruments included refracting telescopes and
telephoto lenses for use with CCD detectors and DSLR cameras, narrow-band filters at the wavelengths of coronal
emission lines ([Fe XIV] 530.3 nm and [Fe X] 637.4 nm), and spectrographs. We also monitored the effect of the
eclipse penumbra and umbra on the terrestrial atmosphere. The total solar eclipse of August 21, 2017, was the first
whose totality crossed only United States territory since the origin of the country, and the first to cross the Continental United States from coast to coast in 99 years. As a result, major campaigns of scientific research and of outreach
were carried out.
The longest total occultation of the Sun of the 21st century at Tianhuangping (Zhejiang), China: Air-temperature observations and its theoretical analysis under adverse meteorological conditions
Peñaloza-Murillo, Marcos A., and Jay M. Pasachoff
J. Geophys. Res.: Atmospheres, 123
The lack of comprehensive solar radiation monitoring during the longest total solar eclipse of the 21st century at
Tianhuangping (Zhejiang), China, on 22 July 2009, has led to this investigation in order to evaluate the cloudiness
contribution in estimating the impact on global solar radiation throughout this phenomenon. In doing so, we applied
a cloud cover empirical model to obtain the global solar radiation and, at the same time, we deduced a theoretical
model to get the direct solar radiation in which both the occultation and obscuration functions of this eclipse are included. We took limb darkening and atmospheric transmission into account. Though the weather during our eclipse
observations agreed with the forecasts for that day, clouds and some rain, we were nonetheless able to observe all
phases of the eclipse from our observation site at Tianhuangping. This experience suggests that for coming eclipses
a record of the in situ observation protocol of cloudiness is mandatory. Our results for comparing global solar radiation models indicate that our total solar eclipse radiation model is quite acceptable and representative of that which
could have happened at that time.
Anomalies and fluctuations of near-surface air temperature at Tianhuangping (Zhejiang), China, produced
by the longest total solar eclipse of the 21st century under cloudy skies
Peñaloza-Murillo, Marcos A., Michael T. Roman, and Jay M. Pasachoff
J. Geophys. Res.: Atmospheres, March 2019
We analyze the near-surface air temperature response, at three different heights over the ground, recorded by the
Williams College expedition under meteorological conditions characterized by cloudy skies during the longest total
solar eclipse of the 21st century on 22 July 2009, at Tianhuangping (Zhejiang), China. An analysis of the relationship between solar radiation and air temperature was made by applying a study previously published in which we
evaluated the cloudiness contribution in estimating the impact on global solar radiation throughout this phenomenon at that site. The analysis of this response includes linear and absolute negative anomalies as well as fluctuations,
which was undertaken through a statistical study to get information on the convection activity produced by the
latter. The fluctuations generated by turbulence were studied by analyzing variance and residuals. The results, indicating a steady decrease and recovery of both perturbations, were consistent with those published by other studies
for this total solar eclipse.
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The planet formation potential around a 45 myr old accreting m dwarf
Flaherty, K., Hughes, A.M., Mamajek, E.E., Murphy, S.J.
The Astrophysical Journal, 872, 92, 2019
Debris disk detections around M dwarfs are rare, and so far no gas emission has been detected from an M dwarf debris disk. This makes the 45 Myr old M dwarf WISE J080822.18-644357.3 a bit of a curiosity; it has a strong infrared excess at an age beyond the lifetime of a typical planet-forming disk, and also exhibits broad H-alpha emission
consistent with active accretion from a gaseous disk. To better understand the cold gas and dust properties of this
system, we obtained ALMA observations of the 1.3 mm continuum and the CO/13CO/C18O J=2-1 emission lines.
No cold CO gas is detected from this system, ruling out a gas-rich protoplanetary disk. Unresolved dust continuum
emission is detected at a flux of 198 ± 15 micro-Jy, consistent with 0.057 ± 0.006 Earth masses worth of optically
thin dust, and consistent with being generated through a collisional cascade induced by large bodies at radii < 16
au. With a sufficiently strong stellar wind, dust grains released in the outer disk can migrate inward via PR drag,
potentially serving as a source of the grains for the strong infrared excess.
The inner disk and accretion flow of the close binary DQ Tau
Muzerolle, J., Flaherty, K., Balog, Z., Beck, T., Gutermuth, R.
The Astrophysical Journal, 877, 29, 2019
We present multiepoch optical and near-infrared (NIR) photometry and spectroscopy of the spectroscopic binary T
Tauri star DQ Tau. The photometric monitoring, obtained using SMARTS ANDICAM, recovers the previously seen
correlation between optical flux and the 15.8 day binary orbital period, with blue flux peaks occurring close to most
observed periastron passages. For the first time, we find an even more consistent correlation between orbital period
and NIR brightness and color. The onset of pulse events in the NIR precedes those in the optical by a few days, on
average, with the rise usually starting near apastron orbital phase. We further obtained five epochs of spectroscopy
using the Infrared Telescope Facility (IRTF) SpeX, with a wavelength range of 0.8-5 microns, and derived spectra
of the infrared excess emission. The shape and strength of the excess varies with time, with cooler and weaker
characteristic dust emission (T~1100-1300 K) over most of the binary orbit, and stronger/warmer dust emission
(T~1600 K, indicative of dust sublimation) just before periastron passage. We suggest that our results are broadly
consistent with predictions of simulations of disk structure and accretion flows around close binaries, with varying
dust emission possibly tracing the evolution of accretion streams falling inward through a circumbinary disk cavity
and feeding the accretion pulses traced by the optical photometry and NIR emission lines. However, our results also
show more complicated behavior that is not fully explained by this simple picture, and will require further observations and modeling to fully interpret.
The mass of stirring bodies in the AU Mic debris disk inferred from resolved vertical structure
Daley, C., Hughes, A.M., Carter, E.S., Flaherty, K., Lambros, Z., Pan, M., Schlichting, H., Chiang, E., Wyatt, M.,
Wilner, D., Andrews, S., Carpenter, J
The Astrophysical Journal, 875, 87, 2019
The vertical distribution of dust in debris disks is sensitive to the number and size of large planetesimals dynamically stirring the disk, and is therefore well-suited for constraining the prevalence of otherwise unobservable Uranus and Neptune analogs. Information regarding stirring bodies has previously been inferred from infrared and
optical observations of debris disk vertical structure, but theoretical works predict that the small particles traced
by short-wavelength observations will be “puffed up” by radiation pressure, yielding only upper limits. The large
grains that dominated the disk emission at millimeter wavelengths are much less sensitive to the effects of stellar radiation or stellar winds, and therefore trace the underlying mass distribution more directly. Here we present ALMA
1.3mm dust continuum observations of the debris disk around the nearby M star AU Mic. The 3 au spatial resolution
of the observations, combined with the favorable edge-on geometry of the system, allows us to measure the vertical
thickness of the disk. We report a scale height-to-radius aspect ratio of h=0.031-0.004+0.005 between radii of ~23
au and ~41 au. Comparing this aspect ratio to a theoretical model of size-dependent velocity distributions in the
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collisional cascade, we find that the perturbing bodies embedded in the local disk must be larger than about 400 km,
and the largest perturbing body must be smaller than roughly 1.8 Earth masses. These measurements rule out the
presence of a gas giant or Neptune analog near the ~40 au outer edge of the debris ring, but are suggestive of large
planetesimals or an Earth-sized planet stirring the dust distribution.
Origin of weak turbulence in the outer regions of protoplanetary disks
Simon, J.B., Bai, X-N., Flaherty, K.M., Hughes, A.M.
The Astrophysical Journal, 865, 10, 2018
The mechanism behind angular momentum transport in protoplanetary disks, and whether this transport is turbulent
in nature, is a fundamental issue in planet formation studies. Recent ALMA observations have suggested that turbulent velocities in the outer regions of these disks are less than ~0.05-0.1cs, contradicting theoretical predictions of
turbulence driven by the magnetorotational instability (MRI). These observations have generally been interpreted
to be consistent with a large-scale laminar magnetic wind driving accretion. Here, we carry out local, shearing-box
simulations with varying ionization levels and background magnetic field strengths in order to determine which
parameters produce results consistent with observations. We find that even when the background magnetic field
launches a strong largely laminar wind, significant turbulence persists and is driven by localized regions of vertical
magnetic field (the result of zonal flows) that are unstable to the MRI. The only conditions for which we find turbulent velocities below the observational limits are weak background magnetic fields and ionization levels well below
that usually assumed in theoretical studies. We interpret these findings within the context of a preliminary model in
which a large-scale magnetic field, confined to the inner disk, hinders ionizing sources from reaching large radial
distances, e.g., through a sufficiently dense wind. Thus, in addition to such a wind, this model predicts that for disks
with weakly turbulent outer regions, the outer disk will have significantly reduced ionization levels compared to
standard models and will harbor only a weak vertical magnetic field.

Biology
Eco-evolutionary feedbacks predict the time course of rapid life history evolution
Reznick, D. N., R.D. Bassar, C. Handelsman, C. Ghalambor, J. Arendt, T. Coulson, T. Potter, E. Ruell, J.Torres
Dowdall, P. Bentzen, J. Travis
The American Naturalist 194(5), November 2019
Organisms can change their environment and, in so doing, change the selection they experience and how they
evolve. Population density is one potential mediator of such interactions because high population densities can impact the ecosystem and reduce resource availability. At present, such interactions are best known from theory and
laboratory experiments. Here we quantify the importance of such interactions in nature by transplanting guppies
from a stream where they co-occur with predators into tributaries that previously lacked both guppies and predators.
If guppies evolve solely because of the immediate reduction in mortality rate, the strength of selection and rate of
evolution should be greatest at the outset then decline as the population adapts to its new environment. If indirect
effects caused by the increase in guppy population density in the absence of predation prevail, then there should be
a lag in guppy evolution because time is required for them to modify their environment. The duration of this lag is
predicted to be associated with the environmental modification caused by guppies. We observed a lag in life history
evolution associated with increases in population density and altered ecology. How guppies evolved matched predictions derived from evolutionary theory that incorporates such density effects.
Simulating nutrient release from parental carcasses increases the growth, biomass
and genetic diversity of juvenile Atlantic salmon
McLennan, D., S. K. Auer, G. J. Anderson, T. C. Reid, Bassar, R. D., D. C. Stewart, E. Cauwelier, J. Sampayo, S.
McKelvey, K. H. Nislow, J. D. Armstrong, N. B. Metcalfe, N.
Journal of Applied Ecology vol 56 (8), August 2019
The net transport of nutrients by migratory fish to spawning areas has decreased due to population declines and migration barriers. Restoration of nutrients to increasingly oligotrophic upland streams (that were historically salmon
spawning areas) have shown short-term benefits for juvenile salmon, but the longer-term consequences are little
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known. Here we simulated the deposition of a small number of adult Atlantic salmon Salmo salar carcasses at
the end of the spawning period in five Scottish upland streams (‘high parental nutrient’ treatment), while leaving
five reference streams without carcasses (‘low parental nutrient’ treatment). All streams received exactly the same
number of salmon eggs drawn from the same wild-origin families, thereby controlling for initial egg density and
genetic composition. We then monitored the resulting juvenile salmon and their macroinvertebrate prey, repeating
the carcass addition treatment in the next spawning season. Macroinvertebrate biomass and abundance were five
times higher in the high parental nutrient streams even one year after the carcass addition, and led to faster growth
of juvenile salmon over the next 2 years (but with no change in population density). This faster growth led to more
fish exceeding the size threshold that would trigger emigration to sea at 2 rather than 3 years of age. There was also
higher genetic diversity among surviving salmon in high parental nutrient streams; genotyping showed that these
effects were not due to immigration but to differential survival. Synthesis and applications: This long-term field
experiment shows that adding nutrients that simulate the presence of small numbers of adult salmon carcasses can
have long-term effects on the growth rate of juvenile salmon, likely increasing the number that will migrate to sea
early and also increasing their genetic diversity. However, the feasibility of adding nutrients to spawning streams
as a management tool to boost salmon populations will depend on whether the benefits at this stage are maintaned
over the entire life cycle.
Competitive asymmetry and local adaptation in Trinidadian guppies
Potter, T., L. King, R.D. Bassar
Journal of Animal Ecology vol. 88(2), Feb 2019
The outcome of competition between individuals often depends on body-size. These competitive asymmetries can
drive variation in demographic rates, influencing the ecology and evolution of life-histories. The magnitude and
direction of such asymmetries differ among taxa, yet little is known empirically about how adaptation to resource
limitation alters competitive asymmetries. Here, we investigate the relationship between size-dependent competitive ability and adaptation to resource limitation. We examined size-dependent competition in two ecotypes of
Trinidadian guppy, adapted to high or low levels of resource competition. Using aquaria-based competition trials,
we describe how the size and ecotype of competitors influence somatic growth rate, whilst controlling for the confounding effect of niche differentiation. We replicated our study across two independent evolutionary origins of the
‘competitive’ ecotype. The two ‘competitive’ ecotypes differed markedly in size-dependent asymmetry, indicating
that adaptation to resource limitation alone is insufficient to explain changes in size-dependent asymmetry. For one
origin, the ecotype adapted to resource limitation was a superior competitor over a wide range of size pairings. The
equivalence of competitors varied over five-fold, dependent on size and ecotype; in three of four populations, larger
individuals had a competitive advantage. Our results demonstrate that competitive asymmetry has strong effects on
a key demographic parameter, somatic growth. As such, intraspecific trait variation plays a key role in regulating
demographic rates. Our findings imply that the evolution of size-dependent asymmetries under conditions of intense
competition is likely to be constrained by niche availability.
Hypothalamic neurons that regulate feeding can influence sleep/wake states
based on homeostatic need
Nitsan Goldstein ‘15, Brian Levine ‘16, Kelsey Loy ‘15, William Duke, Olivia Meyerson ‘16, Adam Jamnik ‘17
and Matt Carter
Journal of Neuroscience 28(23):3736-3747.
Eating and sleeping represent two mutually exclusive behaviors that satisfy distinct homeostatic needs. Because an
animal cannot eat and sleep at the same time, brain systems that regulate energy homeostasis are likely to influence
sleep/wake behavior. Indeed, previous studies indicate that animals adjust sleep cycles around periods of food need
and availability. Furthermore, hormones that affect energy homeostasis also affect sleep/wake states: the orexigenic
hormone ghrelin promotes wakefulness, and the anorexigenic hormones leptin and insulin increase the duration of
slow-wave sleep. However, whether neural populations that regulate feeding can influence sleep/wake states is unknown. The hypothalamic arcuate nucleus contains two neuronal populations that exert opposing effects on energy
homeostasis: agouti-related protein (AgRP)-expressing neurons detect caloric need and orchestrate food-seeking
behavior, whereas activity in pro-opiomelanocortin (POMC)-expressing neurons induces satiety. We tested the hypotheses that AgRP neurons affect sleep homeostasis by promoting states of wakefulness, whereas POMC neurons
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promote states of sleep. Indeed, optogenetic or chemogenetic stimulation of AgRP neurons in mice promoted wakefulness while decreasing the quantity and integrity of sleep. Inhibition of AgRP neurons rescued sleep integrity in
food-deprived mice, highlighting the physiological importance of AgRP neuron activity for the suppression of sleep
by hunger. Conversely, stimulation of POMC neurons promoted sleep states and decreased sleep fragmentation in
food-deprived mice. Interestingly, we also found that sleep deprivation attenuated the effects of AgRP neuron activity on food intake and wakefulness. These results indicate that homeostatic feeding neurons can hierarchically affect
behavioral outcomes, depending on homeostatic need.
Identification of discrete, intermingled hypocretin neuronal populations
Manasi Iyer ‘14, Rachel Essner ‘16, Bernhard Klingenberg and Matt Carter
Journal of Comparative Neurology 526(18): 2937-2954
Neurons in the lateral hypothalamic area that express hypocretin (Hcrt) neuropeptides help regulate many behaviors
including wakefulness and reward seeking. These neurons project throughout the brain, including to neural populations that regulate wakefulness, such as the locus coeruleus (LC) and tuberomammilary nucleus (TMN), as well
as to populations that regulate reward, such as the nucleus accumbens (NAc) and ventral tegmental area (VTA).
To address the roles of Hcrt neurons in seemingly disparate behaviors, it has been proposed that Hcrt neurons can
be anatomically subdivided into at least two distinct subpopulations: a “medial group” that projects to the LC and
TMN, and a “lateral group” that projects to the NAc and VTA. Here, we use a dual retrograde tracer strategy to
test the hypotheses that Hcrt neurons can be classified based on their downstream projections and medial/lateral
location within the hypothalamus. We found that individual Hcrt neurons were significantly more likely to project
to both the LC and TMN or to both the VTA and NAc than would be predicted by chance. In contrast, we found that
Hcrt neurons that projected to the LC or TMN were mostly distinct from Hcrt neurons that projected to the VTA or
NAc. Interestingly, these two populations of Hcrt neurons are intermingled within the hypothalamus and cannot be
classified into medial or lateral groups. These results suggest that Hcrt neurons can be distinguished based on their
downstream projections but are intermingled within the hypothalamus.
Arf∙GAPs as regulators of the actin cytoskeleton-an update
Christine Tanna ‘19, Louisa Goss ‘19, Calvin Ludwig ‘18 and Pei-Wen Chen
International Journal of Molecular Sciences 20(2): 442, Jan 2019
Arf•GTPase-activating proteins (Arf•GAPs) control the activity of ADP-ribosylation factors (Arfs) by inducing
GTP hydrolysis and participate in a diverse array of cellular functions both through mechanisms that are dependent on and independent of their Arf•GAP activity. A number of these functions hinge on the remodeling of actin
filaments. Accordingly, some of the effects exerted by Arf•GAPs involve proteins known to engage in regulation
of the actin dynamics and architecture, such as Rho family proteins and nonmuscle myosin 2. Circular dorsal ruffles (CDRs), podosomes, invadopodia, lamellipodia, stress fibers and focal adhesions are among the actin-based
structures regulated by Arf•GAPs. Arf•GAPs are thus important actors in broad functions like adhesion and motility, as well as the specialized functions of bone resorption, neurite outgrowth, and pathogen internalization by
immune cells. Arf•GAPs, with their multiple protein-protein interactions, membrane-binding domains and sites for
post-translational modification, are good candidates for linking the changes in actin to the membrane. The findings
discussed depict a family of proteins with a critical role in regulating actin dynamics to enable proper cell function.
Simultaneous recordings of insect visitors to flowers show spatial and temporal heterogeneity
Joan Edwards, Alexandra Griffin and Molly Knoedler
Annals of the Entomological Society of America 112:93-98
We compared insect visitors to 10 different flower species filmed simultaneously at two sites to assess whether insect taxa visiting at the two locations differed on a fine scale (<400 m apart). Although each of the 10 flower species
had some insect taxa that were shared between sites, each also had unique visitors that appeared at a single site. Both
the flowers and their insect visitors were generalists. Flowers were visited by an average of 16 different insect taxa.
Insect taxa were observed visiting an average of three to four different flower species. The heterogeneity of floral
visitors between sites is consistent with our proposed neighborhood model of pollination where flowers draw on insects in their area for pollination services and insects forage for nectar and pollen from flower species in their home
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ranges. Temporal heterogeneity can be dramatic. We recorded an influx of painted lady butterflies, which arrived in
abundance on 12 June and were absent prior to then. Painted ladies dominated visits to flowers with hidden nectar
sources (e.g., pale corydalis, blueberry, and bearberry). Spatial and temporal differences in insect visitors suggest
ecological flexibility in pollination systems and may be important in insuring the persistence of flowers and insect
visitors. Heterogeneity of insect visitors on a fine scale may structure gene flow among flowers and set the stage for
local speciation in the angiosperms. The variation in the visitor community between sites highlights the importance
of preserving multiple sites to insure the conservation of flowers and their insect visitors.
The role of water in fast plant movements.
Joan Edwards, M. Laskowski, T. I. Baskin, N. Mitchell and Ben DeMeo ‘15
Integrative and Comparative Biology icz081, https://doi.org/10.1093/icb/icz081
Plants moved onto land ~450 million years ago and faced their biggest challenge: living in a dry environment. Over
the millennia plants have become masters of regulating water flow and the toolkit they have developed has been
co-opted to effect rapid movements. Since plants are rooted, these fast movements are used to disperse reproductive
propagules including spores, pollen, and seeds. We compare five plants to demonstrate three ways, used alone or
in combination, that water powers rapid movements: the direct capture of the kinetic energy of a falling raindrop
propels gemmae from the splash cups of the liverwort, Marchantia; the loss of water powers the explosive dispersal
of the spores of Sphagnum moss; the alternate loss and gain of water in the bilayer of the elaters of Equisetum drive
the walk, jump, and glide of spores; the gain of water in the inner layer of the arils of Oxalis drive the eversion of the
aril that jettisons seeds from the capsule; and the buildup of turgor pressure in the petals and stamens of bunchberry
dogwood (Cornus canadensis) explosively propels pollen. Each method is accompanied by morphological features,
which facilitate water movement as a power source. The urn shaped splash cups of Marchantia allow dispersal of
gemmae by multiple splashes. The air gun design of Sphagnum capsules results in a symmetrical impulse creating
a vortex ring of spores. The elaters of Equisetum can unfurl while they are dropping from the plant, so that they
capture updrafts and glide to new sites. The arils of Oxalis are designed like miniature toy “poppers.” Finally, in
bunchberry, the softening of stamen filament tissue where it attaches to the anther allows them to function as miniature hinged catapults or trebuchets.
A major role for noncoding regulatory mutations in the evolution of enzyme activity
David Loehlin, Jesse Ames ‘19, Kathy Vaccaro, and Sean Carroll
Proceedings of the National Academy of Sciences, www.pnas.org
The quantitative evolution of protein activity is a common phenomenon, yet we know little about any general
mechanistic tendencies that underlie it. For example, an increase (or decrease) in enzyme activity may evolve from
changes in protein sequence that alter specific activity, or from changes in gene expression that alter the amount
of protein produced. The latter in turn could arise via mutations that affect gene transcription, posttranscriptional
processes, or copy number. Here, to determine the types of genetic changes underlying the quantitative evolution of
protein activity, we dissected the basis of ecologically relevant differences in Alcohol dehydrogenase (Adh) enzyme
activity between and within several Drosophila species. By using recombinant Adh transgenes to map the functional divergence of ADH enzyme activity in vivo, we find that amino acid substitutions explain only a minority (0 to
25%) of between- and within-species differences in enzyme activity. Instead, noncoding substitutions that occur
across many parts of the gene (enhancer, promoter, and 5′ and 3′ untranslated regions) account for the majority of
activity differences. Surprisingly, one substitution in a transcriptional Initiator element has occurred in parallel in
two species, indicating that core promoters can be an important natural source of the tuning of gene activity. Furthermore, we show that both regulatory and coding substitutions contribute to fitness (resistance to ethanol toxicity).
Although qualitative changes in protein specificity necessarily derive from coding mutations, these results suggest
that regulatory mutations may be the primary source of quantitative changes in protein activity, a possibility overlooked in most analyses of protein evolution.
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The impact of deep breathing and alternate nostril breathing on heart rate variability:
a human physiology laboratory
C.J. Levin ‘19 and Steven Swoap
Advances in Physiology Education. Sept; 43(3):270-276, 2019
An increase in the beat-to-beat variability of heart rate (HRV) is a robust marker of enhanced parasympathetic activity and of a calm and relaxed state. The purpose of this laboratory activity was to introduce the concept of HRV to
our students, while having them address a novel question of whether two yogic breathing techniques, namely alternate nostril breathing (ANB) and standard deep breathing (DB), impact the SD of instantaneous heart rate (SDHR),
a measure of HRV. Fifty-five undergraduates enrolled in a physiology course designed for nonscience majors were
tasked with analyzing HR and SDHR from electrocardiograms recorded during normal breathing, DB, and ANB.
A repeated-measures ANOVA showed that HR was significantly, albeit slightly, elevated from normal (74.5 ± 13.4
beats/min; means ± SD) during DB (76.5 ± 11.2 beats/min), but not during ANB (75.7 ± 10.1 beats/min). Analysis
of SDHR showed significant differences between conditions (normal: 5.5 ± 2.1, DB: 8.6 ± 3.0, ANB: 7.8 ± 2.8 beats/
min). The instructors further analyzed the same data set using more robust measures of HRV (SD of sequential N-N
intervals, root mean square of successive differences, and high-frequency domain of HRV) to determine whether
SDHR during a 2-min epoch is a sufficient measure for HRV in the undergraduate course setting. Statistical analysis
for these measures showed a near identical pattern of magnitude and significance among the groups as SDHR. Our
students developed a greater appreciation for the effects of breathing patterns on HRV and HR, using the simple
measure of SDHR.
The heat is on: A device that reduces cold stress-induced tachycardia in laboratory mice
Cordelia Chan ‘19, Maia Hare ‘19, Gabrielle Martin ‘21, Christopher Gordon, Steven Swoap
J Therm Biol. Jan;79:149-154, 2019
Mouse vivaria are typically maintained at an ambient temperature (Ta) of 20–26 °C which is comfortable for human
researchers. However, as this Ta is well below the mouse thermoneutral zone (TNZ) of 30–32 °C, typical vivarium
temperatures result in cold stress for mice. Recently, a cage has been developed that provides variable cage floor
heating, allowing mice to behaviorally regulate body temperature through thermotaxis. A hand warmer provides
supplemental heat, elevating cage floor surface temperature for 13 + hours up to 30 °C. This provides a heated surface for the entirety of the light phase. Here, we test the ability of these local heat sources to remove physiological
signs of cold stress in mice housed at room temperature by analyzing heart rate (HR), activity, and body temperature
in three experimental conditions: 23 °C, 23 °C + heated surface, or 30 °C. The location of C57Bl/6 J mice within
the cage was recorded using an infrared camera. In the presence of supplemental heat at a Ta of 23 °C, mice resided
atop of the area of the heated surface 85 ± 3% of the 12-h light phase, as compared to 7 ± 2% in the absence of
supplemental heat. Further, addition of supplemental heat lowered light phase HR and activity to that seen at a Ta of
30 °C. These results indicate that provision of a local heat source is successful in reducing cold-induced tachycardia
in mice housed at typical vivarium temperatures without increasing the ambient temperature of the entire laboratory
and subjecting researchers to heat stress.
Clocks and meals keep mice from being cool
Vincent Van der Vinne, Mark Bingaman ‘19, David Weaver, and Steven Swoap.
Journal of Experimental Biology Aug 6;221(Pt 15)
Daily torpor is used by small mammals to reduce daily energy expenditure in response to energetic challenges.
Optimizing the timing of daily torpor allows mammals to maximize its energetic benefits and, accordingly, torpor
typically occurs in the late night and early morning in most species. However, the regulatory mechanisms underlying such temporal regulation have not been elucidated. Direct control by the circadian clock and indirect control
through the timing of food intake have both been suggested as possible mechanisms. Here, feeding cycles outside
of the circadian range and brain-specific mutations of circadian clock genes (Vgat-Cre+ CK1δfl/fl ∈fl/+; Vgat-Cre+ Bmal1fl/fl)
were used to separate the roles of the circadian clock and food timing in controlling the timing of daily torpor in
mice. These experiments revealed that the timing of daily torpor is transiently inhibited by feeding, while the circadian clock is the major determinant of the timing of torpor. Torpor never occurred during the early part of the
circadian active phase, but was preferentially initiated late in the subjective night. Food intake disrupted torpor in
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the first 4–6 h after feeding by preventing or interrupting torpor bouts. Following interruption, re-initiation of torpor
was unlikely until after the next circadian active phase. Overall, these results demonstrate that feeding transiently
inhibits torpor while the central circadian clock gates the timing of daily torpor in response to energetic challenges
by restricting the initiation of torpor to a specific circadian phase.
Blood glucose changes as a function of body temperature in laboratory mice: Implications for daily torpor
V. Lo Martire, A. Valli, Mark Bingaman ‘19, G. Zoccoli, A. Silvani, and Steven J. Swoap
American Journal of Physiology: Endocrinology and Metabolism. Oct 1. 315(4): E662-E670, 2018
Many small mammals, such as the laboratory mouse, utilize the hypometabolic state of torpor in response to caloric
restriction. The signals that relay the lack of fuel to initiate a bout of torpor are not known. Because the mouse will
only enter a torpid state when calorically challenged, it may be that one of the inputs for initiation into a bout of torpor is the lack of the primary fuel (glucose) used to power brain metabolism in the mouse. Using glucose telemetry
in mice, we tested the hypotheses that 1) circulating glucose (GLC), core body temperature (Tb), and activity are significantly interrelated; and 2) that the level of GLC at the onset of torpor differs from both GLC during arousal from
torpor and during feeding when there is no torpor. To test these hypotheses, six C57Bl/6J mice were implanted with
glucose telemeters and exposed to different feeding conditions (ad libitum, fasting, limited food intake, and refeeding) to create different levels of GLC and Tb. We found a strong positive and linear correlation between GLC and
Tb during ad libitum feeding. Furthermore, mice that were calorically restricted entered torpor bouts readily. GLC
was low during torpor entry but did not drop precipitously as Tb did at the onset of a torpor bout. GLC significantly
increased during arousal from torpor, indicating the presence of endogenous glucose production. While low GLC
itself was not predictive of a bout of torpor, hyperactivity and low GLC preceded the onset of torpor, suggesting that
this may be involved in triggering torpor.
The buzz segment of savannah sparrow song is a population marker
Heather Williams, Clint Robins ‘11, D. Ryan Norris, Amy Newman, Corey Freeman-Gallant, Nathaniel Wheelwright, Daniel Mennill
Journal of Ornithology, 160:217-227
Different components of learned birdsongs change at different rates across generations, and the rate of change may
correspond to the information carried by each component. To characterize the role of the buzz segment of Savannah
sparrow songs, we examined recordings from southeastern Canada and the northeastern US and fully characterized
buzz segments in songs recorded from two populations: one on Kent Island, NB, Canada and another in Williamstown, MA, USA. Buzzes varied geographically: Kent Island buzzes had higher mean frequencies and shorter pulse
periods than Williamstown buzzes and the differences between the two populations persisted over time. Population-specific buzz characteristics also appeared to be resistant to change. Variants appeared on Kent Island in the late
1980s and were learned by some younger birds; however, these buzz variants disappeared by 2011. We conducted a
playback experiment and found that males from both populations had longer responses to local buzzes. Therefore,
buzz structure varies geographically; population characteristics of the buzz persist through time despite the introduction of variant forms; and territorial males discriminate between buzzes from different populations. The learned
buzz segment of the song may thus serve as a population marker for Savannah sparrows.
Context-dependent variation of house finch song syntax
Ivy Ciaburri ‘17, Heather Williams
Animal Behaviour. 147:33-42.
We explored the role of social context in the syntactical variation of house finch, Haemorhous mexicanus, songs
using both traditional song measures and network analysis. In comparison to solo bouts, the bouts of countersinging
males had increased syntax diversity, with higher numbers of simple paths and transition types (but not syllable
types) in comparison to solo song, which had high sequence consistency. Both the proportion of introductory syllables and the degree (number of transitions to and from those syllables) increased in countersinging bouts and were
an important source of syntactic variability. In contrast, courtship bouts included longer songs and longer syllables
than both solo and countersinging bouts, but were similar to solo songs in sequence consistency. The longest courtship songs often included concatenated sequences that formed ‘compound songs’, or repeating strings of main song
130

syllables, which slightly increased the degree of those syllables. Our results suggest that interactions between males
are associated with increased syntactic variability in song delivery while female choice favours signals that maintain
species-typical syntax and demonstrate fitness in terms of a male’s capacity to sing extended songs.

Chemistry
Cooperative changes in solvent exposure identify cryptic pockets, switches, and allosteric coupling
Porter JR, Moeder KE, Sibbald CS, Zimmerman MI, Hart KM, Greenberg MJ, Bowman GR
Biophysical Journal, 116, 818-830, 2019.
Proteins are dynamic molecules that undergo conformational changes to a broad spectrum of different excited
states. Unfortunately, the small populations of these states make it difficult to determine their structures or functional implications. Computer simulations are an increasingly powerful means to identify and characterize functionally
relevant excited states. However, this advance has uncovered a further challenge: it can be extremely difficult to
identify the most salient features of large simulation data sets. We reasoned that many functionally relevant conformational changes are likely to involve large, cooperative changes to the surfaces that are available to interact with
potential binding partners. To examine this hypothesis, we introduce a method that returns a prioritized list of potentially functional conformational changes by segmenting protein structures into clusters of residues that undergo
cooperative changes in their solvent exposure, along with the hierarchy of interactions between these groups. We
term these groups exposons to distinguish them from other types of clusters that arise in this analysis and others. We
demonstrate, using three different model systems, that this method identifies experimentally validated and functionally relevant conformational changes, including conformational switches, allosteric coupling, and cryptic pockets.
Our results suggest that key functional sites are hubs in the network of exposons. As a further test of the predictive
power of this approach, we apply it to discover cryptic allosteric sites in two different β-lactamase enzymes that
are widespread sources of antibiotic resistance. Experimental tests confirm our predictions for both systems. Importantly, we provide the first evidence, to our knowledge, for a cryptic allosteric site in CTX-M-9 β-lactamase.
Experimentally testing this prediction did not require any mutations and revealed that this site exerts the most potent
allosteric control over activity of any pockets found in β-lactamases to date. Discovery of a similar pocket that was
previously overlooked in the well-studied TEM-1 β-lactamase demonstrates the utility of exposons.
pH dependence of zika membrane fusion kinetics reveals an off-pathway state
Robert J. Rawle, Elizabeth R. Webster, Marta Jelen, Peter M. Kasson, and Steven G. Boxer
ACS Central Science, 4, 1503-1510, 2018.
The recent spread of Zika virus stimulated extensive research on its structure, pathogenesis, and immunology,
but mechanistic study of entry has lagged behind, in part due to the lack of a defined reconstituted system. Here,
we report Zika membrane fusion measured using a platform that bypasses these barriers, enabling observation of
single-virus fusion kinetics without receptor reconstitution. Surprisingly, target membrane binding and low pH are
sufficient to trigger viral hemifusion to liposomes containing only neutral lipids. Second, although the extent of
hemifusion strongly depends on pH, hemifusion rates are relatively insensitive to pH. Kinetic analysis shows that
an off-pathway state is required to capture this pH-dependence and suggests this may be related to viral inactivation. Our surrogate-receptor approach thus yields new understanding of flaviviral entry mechanisms and should be
applicable to many emerging viruses.
Parrondo’s paradox or chaos control in discrete two-dimensional dynamic systems
Steve A. Mendoza ’13, Eliza Matt ’18, Diego Guimaraes-Blandon ’18, and Enrique Peacock-Lopez
Chaos, Fractals, and Solitons, 106, 86-93, 2018.
In ecological modeling, seasonality can be represented as an alternation between environmental conditions. This
concept of alternation holds common ground between ecologists and chemists, who design time-dependent settings
for chemical reactors to influence the yield of a desired product. In this study and for a variety of maps, we consider
a switching strategy that alternates between two undesirable dynamics that yields a stable desirable dynamic behavior. By comparing bifurcation diagrams of a map and its alternate version, we can easily find parameter values,
which, on their own, yield chaotic orbits. When alternated, however, the parameter values yield a stable periodic
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orbit.
Our analysis of the two-dimensional (2-D) maps is an extension of our previous work with one-dimensional (1-D)
maps. In the case of 2-D maps, we consider the Beddington, Free, and Lawton and Udwadia and Raju maps. For
these 2-D maps, we not only show that we can find ‘‘chaotic’’ parameters for the so-called ‘‘chaos’’ + ‘‘chaos’’ =
‘‘periodic’’ case, but we find two new ‘‘desirable’’ dynamic situations: ‘‘quasiperiodic’’ + ‘‘quasiperiodic’’ = ‘‘periodic’’ and ‘‘chaos’’ + ‘‘chaos’’ = ‘‘periodic coexistence.’’ In the former case, the alternation of chaotic dynamics
yields two different periodic stable orbits implying the coexistence of attractors.
Switching induced oscillations in discrete one-dimensional systems
Steve A. Mendoza ’13 and Enrique Peacock-Lopez
Chaos, Fractals, and Solitons, 115, 35-44, 2018.
In ecological modeling, seasonality can be represented as an alternation between environmental conditions. We consider a switching strategy that alternates between two undesirable dynamics and find that they can yield a desirable
periodic behavior in the case of the Beverton-Holt, Ricker, and modified Ricker maps, which have been extensively
used to model ecological populations. For the Ricker and modified Ricker models, we observe coexistence of attractors, which, under the same conditions, define basin of attractions, and the final dynamic behavior depends on
the initial conditions.
Parrondian games in discrete dynamic systems
Steve A. Mendoza ’13 and Enrique Peacock-Lopez
Fractal Analysis, Ed. Sid-Ali Ouadfeul, Chapter 5, IntechOpen, London, 2019.
An interesting problem in nonlinear dynamics is the stabilization of chaotic trajectories, assuming that such chaotic behavior is undesirable. The method described in this chapter is based on the Parrondo’s Paradox, where two
losing games can be alternated, yielding a winning game. The idea of alternating parameter values have been used
in chemical systems, but for these systems the undesirable behavior is not chaotic. In contrast ecological relevant
map in one and two dimensions, most of the time, can sustain chaotic trajectories, which we consider as undesirable
behaviors. Therefore, we analyze several of such ecological relevant maps by constructing bifurcation diagrams and
finding intervals in parameter space that satisfy the conditions to yield a desirable behavior by alternating two undesirable behaviors. The relevance of the work relies on the apparent generality of method that establish a dynamic
pattern of behavior that allows us to state a simple conjecture for two-dimensional maps. Our results are applicable
to models of seasonality for 2-D ecological maps, and it can also be used as a stabilization method to control chaotic
dynamics.
Open prebiotic environments drive emergent phenomena and complex behavior
Nathaniel Wagner, David Hochberg, Enrique Peacock-Lopez, Indrajit Maity, Gonen Ashkenasy
Life, 9, 45, 2019. doi:10.3390/life9020045
We have been studying simple prebiotic catalytic replicating networks as prototypes for modeling replication, complexification and Systems Chemistry. While living systems are always open and function far from equilibrium, these
prebiotic networks may be open or closed, dynamic or static, divergent or convergent to a steady state. In this paper
we review the properties of these simple replicating networks, and show, via four working models, how even though
closed systems exhibit a wide range of emergent phenomena, many of the more interesting phenomena leading to
complexification and emergence indeed require open systems.
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Computer Science
Smart homes: Implemented
D. Irwin, A. J. Brush ‘96, M. Hazas and J. Albrecht
IEEE Pervasive Computing, vol. 18, no. 2, April-June. 2019.
The ACM International Conference on Future Energy Systems (e-Energy) and the ACM International Conference
on Systems for Energy-Efficient Buildings, Cities, and Transportation (BuildSys) intersect the smart home-related
research community with their focus on optimizing residential energy usage, while minimally affecting occupant
comfort and behavior. In this article, we highlight research presented at e-Energy 2018 and BuildSys 2018.
Understanding synchronization costs for distributed ML on transient cloud resources
P. Ambati, D. Irwin, P. Shenoy, L. Gao, A. Ali-Eldin, and J. Albrecht
IEEE International Conference on Cloud Engineering, June 2019
Cloud platforms often execute parallel batch applications, such as distributed machine learning (ML), that include
numerous synchronization barriers. These barriers, which prevent any task from advancing beyond a specified
point until all tasks have reached that point, significantly degrade application performance by reducing it to that
of the slowest “straggler” task. To address the problem, researchers have proposed numerous straggler mitigation
techniques, including speculatively re- executing straggler tasks and various relaxations of strict barrier semantics.
While these techniques improve parallel application performance, they incur a cost in terms of the resources wasted
re-executing tasks or waiting. Importantly, these costs, which are often implicit in prior work that targets dedicated
resources, become explicit in the cloud, which charges for resources at fine-grained intervals. In addition, the cost
difference between techniques is exacerbated in cloud platforms, since they charge substantially less for transient
resources that effectively yield a probabilistic performance across a wide range.
While transient resources’ low list price is attractive, revocations increase the frequency and severity of stragglers,
which decreases parallel job performance and increases overall execution cost. To better understand the cost of
synchronization, we develop simple analytical models of different straggler mitigation techniques and compare
their cost and performance on on-demand and transient resources. Our analysis shows that i) transient servers offer complex tradeoffs compared to on-demand servers, and can result in higher overall costs despite their highly
discounted price due to their probabilistic performance; ii) common approaches to straggler mitigation, which is a
well- studied problem, are less effective using transient servers that cause frequent and severe stragglers; and iii) a
recent approach to flexible synchronization offers the best cost and performance.
ExceLint: Automatically finding spreadsheet formula errors
Daniel W. Barowy, Emery D. Berger, and Benjamin Zorn
Proc. ACM Program. Lang. 2, OOPSLA, Article 148 October 2018
Spreadsheets are one of the most widely used programming environments, and are widely deployed in domains
like finance where errors can have catastrophic consequences. We present a static analysis specifically designed to
find spreadsheet formula errors. Our analysis directly leverages the rectangular character of spreadsheets. It uses an
information-theoretic approach to identify formulas that are especially surprising disruptions to nearby rectangular
regions. We present ExceLint, an implementation of our static analysis for Microsoft Excel. We demonstrate that
ExceLint is fast and effective: across a corpus of 70 spreadsheets, ExceLint takes a median of 5 seconds per spreadsheet, and it significantly outperforms the state of the art analysis.
Artificial intelligence competencies for data science undergraduate curricula
Andrea Danyluk and Scott Buck
Educational Advances in Artificial Intelligence, 2019
In August 2017, the ACM Education Council initiated a task force to add to the broad, interdisciplinary conversation
on data science, with an articulation of the role of computing discipline-specific contributions to this emerging field.
Specifically, the task force is seeking to define what the computing contributions are to this new field, in order to
provide guidance for computer science or similar departments offering data science programs of study at the un133

dergraduate level. The ACM Data Science Task Force is in the process of finalizing the initial draft of a curricular
report. The computing-knowledge areas identified in the report are drawn from across computing disciplines and
include several areas of AI. This short paper describes the overall project, highlights AI-relevant areas, and seeks
to open a dialog about the AI competencies that are to be considered central to a data science undergraduate curriculum.
Efficient directory mutations in a full-path-indexed file system
Yang Zhan, Yizheng Jiao, Donald E. Porter, Alex Conway, Eric Knorr, Martin Farach-Colton, Michael A. Bender,
Jun Yuan, William Jannen, and Rob Johnson
Proceedings of the ACM Transactions on Storage (TOS) - Special Issue on FAST 2018 and Regular Papers, Volume 14 Issue 3, Article No. 22. November 2018.
Full-path indexing can improve I/O efficiency for workloads that operate on data organized using traditional, hierarchical directories, because data is placed on persistent storage in scan order. Prior results indicate, however, that
renames in a local file system with full-path indexing are prohibitively expensive.
This article shows how to use full-path indexing in a file system to realize fast directory scans, writes, and renames.
The article introduces a range-rename mechanism for efficient key-space changes in a write-optimized dictionary.
This mechanism is encapsulated in the key-value Application Programming Interface (API) and simplifies the overall file system design.
We implemented this mechanism in B&egr;-trees File System (BetrFS), an in-kernel, local file system for Linux.
This new version, BetrFS 0.4, performs recursive greps 1.5x faster and random writes 1.2x faster than BetrFS 0.3,
but renames are competitive with indirection-based file systems for a range of sizes. BetrFS 0.4 outperforms BetrFS
0.3, as well as traditional file systems, such as ext4, Extents File System (XFS), and Z File System (ZFS), across a
variety of workloads.
Filesystem aging: It’s more usage than fullness
Alex Conway, Eric Knorr, Yizheng Jiao, Michael A. Bender, William Jannen, Rob Johnson, Donald Porter, and
Martin Farach-Colton.
Proceedings of the 11th USENIX Workshop on Hot Topics in Storage and File Systems (HotStorage 19).
Filesystem fragmentation is a first-order performance problem that has been the target of many heuristic and algorithmic approaches. Real-world application benchmarks show that common filesystem operations cause many
filesystems to fragment over time, a phenomenon known as filesystem aging.
This paper examines the common assumption that space pressure will exacerbate fragmentation. Our microbenchmarks show that space pressure can cause a substantial amount of inter-file and intra-file fragmentation. However,
on a “real-world” application benchmark, space pressure causes fragmentation that slows subsequent reads by only
20% on ext4, relative to the amount of fragmentation that would occur on a file system with abundant space. The
other file systems show negligible additional degradation under space pressure.
Our results suggest that the effect of free-space fragmentation on read performance is best described as accelerating
the filesystem aging process. The effect on write performance is non-existent in some cases, and, in most cases, an
order of magnitude smaller than the read degradation from fragmentation caused by normal usage.
The dictionary problem, optimal searching, and asymptotic distortions of the dam model
Michael A. Bender, Alexander Conway, Martin Farach-Colton, William Jannen, Yizheng Jiao, Rob Johnson, Eric
Knorr, Sara McAllister, Nirjhar Mukherjee, Prashant Pandey, Donald E. Porter, Jun Yuan and Yang Zhan.
Proceedings of the 31st ACM Symposium on Parallelism in Algorithms and Architectures (SPAA), June 2019
Storage devices have complex performance profiles, including costs to initiate IOs (e.g., seek times in hard drives),
parallelism and bank conflicts (in SSDs), costs to transfer data, and firmware-internal operations.
The Disk-Access Machine (DAM) model simplifies reality by assuming that storage devices transfer data in blocks
of size B and that all transfers have unit cost. Despite its simplifications, the DAM model is reasonably accurate. In
fact, if B is set to the half-bandwidth point, where the latency and bandwidth of the hardware are equal, the DAM
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approximates the IO cost on any hardware to within a factor of 2.
Furthermore, the DAM explains the popularity of B-trees in the 70s and the current popularity of Bε-trees and
log-structured merge trees. But it fails to explain why some B-trees use small nodes, whereas all Bε-trees use large
nodes. In a DAM, all IOs, and hence all nodes, are the same size.
In this paper, we show that the affine and PDAM models, which are small refinements of the DAM model, yield a
surprisingly large improvement in predictability without sacrificing ease of use. We present benchmarks on a large
collection of storage devices showing that the affine and PDAM models give good approximations of the performance characteristics of hard drives and SSDs, respectively.
We show that the affine model explains node-size choices in B-trees and Bε-trees. Furthermore, the models predict
that the B-tree is highly sensitive to variations in the node size whereas Bε-trees are much less sensitive. These predictions are born out empirically.
Finally, we show that in both the affine and PDAM models, it pays to organize data structures to exploit varying
IO size. In the affine model, Bε-trees can be optimized so that all operations are simultaneously optimal, even up to
lower order terms. In the PDAM model, Bε-trees (or B-trees) can be organized so that both sequential and concurrent workloads are handled efficiently.
We conclude that the DAM model is useful as a first cut when designing or analyzing an algorithm or data structure
but the affine and PDAM models enable the algorithm designer to optimize parameter choices and fill in design
details.
On the edge-length ratio of outerplanar graphs
S. Lazard, W. Lenhart, and G. Liotta
Theoretical Computer Science, Vol. 770, May 2019, Pages 88-94
We show that any outerplanar graph admits a planar straight-line drawing such that the length ratio of the longest to
the shortest edges is strictly less than 2. This result is tight in the sense that for any ε > 0 there are outerplanar graphs
that cannot be drawn with an edge-length ratio smaller than 2 − ε. Furthermore, we show that this ratio is unbounded
if the embeddings of the outerplanar graphs are given.
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Geosciences
Episodic validation of coastal sea ice passive microwave retrievals using local, indigenous observations
Alice Bradley, Emily Sun ‘21
American Geophysical Union, 2018
Remote sensing approaches provide large spatial coverage and often high repeat frequency, but require validation to
effectively link the measurements to physical properties on the surface. Often the information needed for validation
is hard to come by, where the remote sensing product would fill a real gap in the observational record. Indigenous
and local records can fill this need for remote sensing retrievals near coastlines in the Arctic, where people living
in the environment can provide first-hand information about the conditions. In an effort to validate a passive microwave approach for observing sea ice extent in coastal pixels, there was a need for validation data in the fall season
when darkness and persistent cloud cover made visible imagery impossible. Local records from several coastal
Alaskan communities collated through ELOKA and the SIZOnet projects filled this gap, and while daily reports
were not always available, major events in sea ice conditions were noted. Records in Utquiagvik (Barrow), Alaska
could be compared to sea ice radar and webcam images. During hunting seasons, frequent records (often multiple
per day) allow for more extended periods of validation. Other times of the year, the notes often only include notable
conditions, which support validation during extreme or unusual events. These periods combined make for an episodic validation approach that uses local and indigenous knowledge to address a scientific goal. This presentation
will focus on the validation techniques and how local observations can supplement a remote sensing approach.
Polar science communication workshop: Improving communication skills through intensive training and
periodic follow-up
Alice Bradley, Ellyn Enderlin, Allen Pope, Mahsa Moussavi
American Geophysical Union, 2018
The Polar Science Communication Workshop brought together 32 mostly-early career participants and 10 facilitators for a three-day workshop focused on sharing polar science and research results with non-specialist audiences.
Two days, facilitated by the Alan Alda Center staff, used improv methods to explore oral communication skills
including distilling a message, storytelling, and interview strategies. The third day, led by the Center for Science
and Technology Policy Research (CSTPR) at the University of Colorado Boulder, focused on written communication including selecting optimal language for an audience, communicating with media and decision makers, and
social media. Participants selected for the workshop agreed to do two science communication activities in the year
following the workshop and have reported their successes back to the group through a group email list. Pre- and
post- surveys measured participants’ increased comfort levels with different sorts of science communication. This
presentation will cover highlights from the workshop, successes and lessons learned in the workshop follow-up, and
some of the ways participants have put the skills learned at the workshop to use.
Linking environmental science field methods to interpretable results through MATLAB-based analysis
Alice Bradley
American Geophysical Union, 2018
Environmental Observation is a sophomore/junior-level field and research methods course intended to develop
quantitative and computational skills in parallel with field experience. In this class, students use MATLAB to load,
process, and plot data from the sensors and instruments used in field labs. Early in the term, all code is provided and
the processing is detailed in the lab instructions. Over the course of the semester, students are increasingly expected
to modify and write sections of code, culminating in a final project where students will need to write new code of
their own. Students are asked as part of each lab assignment to reflect on their ability to use MATLAB and to identify the overall goal of the assignment in order to evaluate the degree to which MATLAB is a useful tool versus a
distraction from the course content. This presentation will share some of the ways in which MATLAB was used in
class and the corresponding lessons learned.

136

Community sea ice records as a validation tool for coastal remote sensing
Alice Bradley, Emily Sun ‘21
Arctic System Science Week, 2019
Remote sensing approaches provide large spatial coverage and often high repeat frequency, but require validation to
effectively link the measurements to physical properties on the surface. Often the information needed for validation
is hard to come by, where the remote sensing product would fill a real gap in the observational record. Indigenous
and local records can fill this need for remote sensing retrievals near coastlines in the Arctic, where people living in
the environment can provide first-hand information about the conditions. Local records from several coastal Alaskan communities collated through ELOKA and the SIZOnet projects filled this gap, and while daily reports were
not always available, major events in sea ice conditions were noted. During hunting seasons, frequent records (often
multiple per day) allow for more extended periods of validation. Other times of the year, the notes often only include
notable conditions, which support validation during extreme or unusual events. These periods combined make for
an episodic validation approach that uses local and indigenous knowledge to address a scientific goal. This presentation will focus on the validation techniques and how local observations can supplement a remote sensing approach.
Exploring the microfossil record of the late devonian hangenberg event in the cleveland shale, ohio
Kate Pippenger ‘20, Lucas Estrada ‘19, Diana L. Boyer, and Phoebe Cohen
Geological Society of America Abstracts with Programs, 50 (6) doi: 10.1130/abs/2018AM-319362, 2018
The Hangenberg event is one of the major pulses of extinction associated with the late Devonian mass extinction.
This global crisis devastated entire ecosystems and represents a major turning point in the evolution of many faunal
groups. Multiple causes have been proposed, and it is likely the Hangenberg event was the result of some combination of periodic or sustained anoxic conditions, volcanism leading to ocean acidification or hypercapnia, wildfires,
perturbations of the carbon cycle, and/or eustatic sea level changes. The Hangenberg event is primarily associated
with the Hangenberg Black Shale in Europe, though correlating black shale horizons have been found globally.
The palynological record of the Hangenberg crisis has been used by researchers in Poland’s Holy Cross Mountains
to decipher local causes of extinction during the event, but little palynological study of the Hangenberg event has
been done elsewhere. Here, we analyze the microfossil record in a section of the Cleveland Shale in northeastern
Ohio that captures the Hangenberg event. We present acritarch and miospore abundance and diversity throughout
the end of the Hangenberg event, as well as geochemical analysis of Hg records in this section. Both Hg and fossil
abundance are normalized to total organic carbon to account for preservation biases.
Mercury and microfossil trends during end-devonian extinction events
Lucas Estrada ‘19, Kate Pippenger ‘20, Diana L. Boyer, David S. Jones, and Phoebe Cohen
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-319352, 2018
The cause or causes of the late Devonian extinctions remain unclear. The sheer number of proposed trigger and kill
mechanisms paired with the spatial and temporal heterogeneity in the extinction itself–as well as in proxies–makes
finding one all-encompassing cause difficult. However, one commonly described trigger, volcanism, has recently
garnered more support due to Hg anomalies identified in Morocco, Germany, and Russia during the late Devonian
Frasnian-Fammenian Kellwasser events (Racki et al. 2018). Here, we expand this record by documenting Hg records for the Lower and Upper Kellwasser events in Upstate New York as well as the latest Devonian Hangenberg
event in Ohio. We couple these Hg records with microfossil analyses including abundance and diversity. We normalize both microfossil abundance and Hg to total organic carbon (TOC) to account for biases in preservation of
both proxies.
Our findings show high mercury signals (3x median) immediately preceding the Lower and Upper Kellwasser in
multiple localities, results which may support the findings of Racki et al. Furthermore, high Hg at the end of the
Hangenberg event supports evidence of volcanism in the late Hangenberg Black Shale in Europe. However, all of
these sites have a strong correlation between Hg and TOC, indicating that Hg trends may, in part, be driven by fluctuations in TOC and related redox variability. The exception to this trend is in site TGB where we do see a significant Hg spike not associated with TOC in the middle of the Lower Kellwasser event. While our evidence does not
strongly support volcanism as a proximal trigger of the late Devonian extinction events, we do draw trends between
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Hg, microfossil abundance, and microfossil diversity. In our shallowest sections, we find a positive correlation between mercury and microfossil abundance, while in our deeper water sections we see a negative correlation between
the two proxies, indicating that one or both signals are influenced by water depth and/or correlated factors such as
bottom water dysoxia. Integrating high resolution Hg records with coeval microfossil records of abundance and
diversity thus reveals new intricacies of the Late Devonian extinction events in North America.
It’s a protist-eat-protist world: recalcitrance, predation, and evolution in the Tonian–Cryogenian ocean
Phoebe Cohen and Leigh Anne Riedman
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-319352, 2018
Predation, and how organisms respond to it, is an important ecological interaction across the tree of life. Much
of our understanding of predation focuses on modern metazoa. However, predation is equally important in single-celled eukaryotes (commonly referred to as protists). In the fossil record, we see evidence of protists preying
on other protists beginning in the Tonian Period (1000–720 Ma). In addition, the first evidence of eukaryotic biomineralization and the appearance of multiple unmineralized but recalcitrant forms are also seen in the Tonian and
Cryogenian (720–635 Ma), potentially indirect evidence of predation. This fossil evidence, coupled with molecular
clock analyses, is coincident with multiple metrics that show an increase in the diversity of eukaryotic clades and
fossil assemblages. Predation, thus, may have played a critical role in the diversification of eukaryotes and the evolution of protistan armor in the Neoproterozoic Era. Here, we review the current understanding of predation in the
Tonian and Cryogenian oceans as viewed through the fossil record, and discuss how the rise of eukaryotic predation
upon other eukaryotes (eukaryovory) may have played a role in major evolutionary transitions including the origins
of biomineralization.
Using carbon isotopes, trace metals, and microfossils to understand the late Devonian Kellwasser events
Phoebe Cohen, Ezekiel King Phillips ‘17, Abigail Kelly ‘16, Diana Boyer, Benjamin Uveges, and Christopher
Junium
Goldschmidt Geochemistry Conference Abstracts with Programs, 2018
While categorized as one of the “Big Five” mass extinctions, the causes of the Late Devonian biodiversity depletion (LDBD) event are poorly understood. The Kellwasser Events are two globally expressed black shale horizons
associated with the LDBD and the Frasnian/Famennian boundary. The Kellwasser horizons have been interpreted
as a signal of widespread marine anoxia correlated with elevated metazoan extinction rates. In Western New York,
the Kellwasser horizons were deposited in the epeiric sea of the eastward-shallowing Appalachian Basin. While
larger body fossils are mainly absent, organic-walled microfossils are abundant and provide a nearly continuous
record through the events. In order to better understand the LDBD, we sampled multiple horizons and localities of
both the Upper and Lower Kellwasser events in Western New York. From these samples, we analysed microfossil
abundance and morphology, trace elements, TOC, and δ13C of both bulk kerogens and individual microfossils. Our
δ13C results show that there is a consistent offset between organic-walled microfossils and coeval bulk kerogens. We
speculate that the isotopic difference may be the result of 13C-enriched surface DIC due to a strong biological pump.
Coupled with trace element, TOC, and fossil data, we suggest high productivity may have contributed to deleterious
environmental conditions, including low oxygen, that played a role in the LBD.
Single acritarch cell carbon isotope analyses: Implications for geobiology
Christopher Junium, Phoebe Cohen, Ezekiel King Phillips ’17 and Benjamin Uveges
Goldschmidt Geochemistry Conference Abstracts with Programs, 2018
Acritarchs, or close-walled organic microfossils, are abundant in many siliciclastic strata in the Proterozoic and
Paleozoic. However, their taxonomic affinities and paleoecology remains enigmatic. Their presence and relative
abundance have been used to make inferences about environments of deposition and have been correlated a range
of geochemical proxies from their host sediments. Studies that employ direct analysis of acritarch organic matter
have been limited, but this approach can provide an addition dimension of data against which hypotheses about their
affinities and paleoecology can be tested. Here we present a simple method for the analysis of single acritarch cells
for their carbon isotopic composition and discuss the implications for our initial data. The coupling of elemental
analysis-isotope ratio mass spectrometry with cryo-trapping and capillary focussing (NanoEA) provides a relatively
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simple method that is available in many stable isotope laboratories.
We analyzed several hundred leiospherid and acanthomorphic (ornamented) acritarchs and kerogens from the Late
Devonian of the Appalachian Basin. The δ13C of kerogen grains were isotopically similar between grains and to
bulk δ13Corg. The δ13C of individual microfossils varied between individuals and was significantly different from
co-occuring kerogens. For example, the δ13C of individual leiospherids from the Lower Kellwasser black shale
range from -23.8 to -25.4‰ compared to -30.4‰ for kerogens. The δ13C of leiospherid organic matter is consistent
with an algal origin. We speculate that the isotopic difference between kerogen and the leiospherids is the result of
a surface water ecology where the DIC is 13C-enriched because of a strong biological pump. Alternatively, these
organisms may have had a high rate of growth under eutrophic conditions that depressed ep, or employed and alternative means of carbon fixation that resulted in the observed 13C-enrichment. The 13C range between individual
leiospherids likely represents environmental variability captured by a relatively short duration of life compared to
time range of a single sample.
The geologic record of 17O and 18O in chert
Frasier Liljestrand, Yongbo Peng, Huiming Bao, Francis Macdonald, Andrew Knoll, Phoebe Cohen, Nicholas
Tosca, and David Johnston
Goldschmidt Geochemistry Conference Abstracts with Programs, 2018
The δ18O of authigenic chert is thought to have increased linearly from ~20‰ to ~35‰ over the past 3.5 Ga. This increase can be explained by a progressive shift in the δ18O of seawater through time, a decrease in ocean temperature,
which correspondingly, decreases the isotopic equilibrium between chert and water, or the progressive alteration
of a primary chert composition by secondary high-temperature fluids. Simply increasing the sample density and
making additional δ18O measurements will not resolve this uncertainty. Instead, in addition to the classical isotope
measurement, we include data on the 17O of a suite of Precambrian cherts. This includes samples from 9 Archean, 4
Mesoproterozoic, and 12 Neoproterozoic localities. The mineralogy of each sample is characterized by XRD analysis to provide better geologic context. Additionally, we performed a stratigraphic test by measuring 22 samples from
the Tonian Fifteenmile Group in the Yukon. Changes in 17O are small relative to δ18O, but are statistically significant
and provide a new axis of variability that has potential to distinguish a causal mechanism for the long-term isotope
evolution in chert. In triple isotope space, we predict variable precipitation temperatures will produce a concave
relationship due to the temperature dependence of the equilibrium fractionation, secondary alteration will produce
the inverse relationship, and changing seawater composition would produce a linear relationship that parallels the
meteoric water line. In contrast to published records, our data shows a departure from the simple linear increase in
δ18O through time punctuated by a Neoproterozoic δ18O depletion that corresponds to relatively heavy Δ17O. This
suggests that there is structure in the geologic δ18O chert record that was previously unrecognized - a story further
informed by companion 17O data.
A gender analysis of the paleontological society: Trends, gaps, and a way forward
Cohen, Phoebe A., Alycia Stigall, Chad Topaz
North American Paleontological Convention, 2019
Gender disparities still exist in many STEM fields, including paleontology, despite decades of efforts to attract and
retain women into STEM fields. These disparities are often more pronounced at the level of senior researchers. One
way to identify both progress and continuing problems is by looking at trends in data. This study focuses on gender,
inferred using the GenderizeR.io database from first names of Paleontological Society (PS) members, awardees, officers, and committee members for the years 2000-2018. Our results show that while the proportion of PS members
with female-gendered names has remained relatively constant over our time interval of analysis, there has been a
significant lag in PS awards to women, despite a constant pool of potential women awardees. We also find a notable increase in the proportion of PS committee and officer participation by women over the study interval. While
increased participation by women is a positive trend, we note that many of committees in which women are proportionally over-represented relate to education, outreach, and diversity, yet they remain under-represented in other positions, most notable society President. We discuss the many factors leading to this trend including over-burdening
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of service for the relatively small number of senior women. This study does not address the persistent under-representation of people of color, LGBTQ people, and other dimensions of identity, but we hope that it serves as a focal
point for future conversations within the discipline and the society.
Carbon isotopic analyses of single organic-walled microfossils across
the late Devonian Kellwasser intervals in New York state reveal a strong biological pump
Cohen, Phoebe A., Ezekiel King Phillips ’17, Christopher Junium
North American Paleontological Convention, 2019
The vast majority of carbon isotope measurements are done on bulk samples measuring either total inorganic or
organic carbon. While these data have illuminated vast intervals of Earth’s history, they provide a time- and community-averaged view of the carbon pool. This lack of resolution limits our ability to use these measurements to reconstruct short-term carbon cycle dynamics and to fully probe the structure of ancient ecosystems. Organic carbon
isotope analyses of single microfossils are one approach that can provide a window into short-term environmental
variability and can reveal ecological data about enigmatic organic fossil groups. We have developed new analytical
techniques that allow us to measure individual organic microfossils with less than 20 nanomoles of carbon using a
modified elemental analyzer coupled to a stable isotope mass spectrometer. Here, we apply this new technique to
organic-walled microfossils (OWMs) and chitinozoans from the Upper and Lower Kellwasser events in Upstate
New York, which are black shale intervals associated with the Late Devonian Biotic Crisis. The difference between
the microfossil and kerogen values, Δ13C, varies between sections and between samples, but microfossil values are
consistently heavier than bulk. We see no differences in δ13C between different morphological groups of OWMs.
Instead, our data suggests that all OWMs are sampling a pool of DIC with a distinct isotopic signal and are ecologically distinct from the organisms that supplied most of the bulk organic matter. Chitinozoans have values in between
OWM means and bulk. We hypothesize that the offsets we observe could be the results of a strong biological pump
leading to a large δ13Corg gradient with shallow 13C-enrichment and 13C-depletion at depth. If OWMs were assimilating carbon in the surface ocean, they will have an enriched δ13Corg value, whereas chinitozoans, perhaps living
in deeper waters, would be more 13C-depleted. The bulk would be lighter still because it represents the averaging
of carbon fixed in the entire water column, including lighter carbon from deeper in the water column and also perhaps biomass produced by processes with highly depleted signatures such as methanotrophy. Coupled with trace
element, total organic carbon, and fossil abundance data, we suggest high productivity, as evidenced by a strong biological pump, may have contributed to deleterious environmental conditions, including low oxygen, which played
a role in the end Devonian extinction.
Tiny keys to unlocking the Kellwasser events: Detailed characterization of organic walled microfossils associated with extinction in western new york state
Abigail Kelly ’16, Phoebe Cohen, and Diana Boyer
Palaios, 34 (2) 96-104, 2019
Globally, Upper Devonian sedimentary successions are characterized by multiple organic-rich strata associated with
dysoxic to anoxic conditions and biological turnover of varying magnitude, including the Lower and Upper Kellwasser intervals. The cause or causes of the Kellwasser extinction and their relationship to coeval environmental
conditions remains actively debated. Here we show that organic-walled microfossils (OWMs) are preserved within
the Kellwasser intervals at two localities in western New York State that are otherwise devoid of macrofossils.
While OWMs are significantly more abundant within the Upper Kellwasser interval, the assemblages are slightly
more diverse within the Lower Kellwasser interval, including two distinct smooth-walled leiosphere populations
based on size and, in the more proximal locality, acanthomorphic (spinose) forms. Mo and U concentrations at these
localities range from 1–86 ppm and 2–14 ppm respectively, and support oxygen stress, but not persistent anoxia or
euxinia, through these events. Notably the Lower Kellwasser exhibits both greater OWM variability and more evidence of anoxic conditions, while the Upper Kellwasser exhibits relatively consistent OWM assemblages and more
dysoxic conditions. We interpret OWM abundance, especially large leiosphere forms, as a possible signal of algal
blooms potentially associated with eutrophication. Our results suggest that eutrophication may have played a larger
role during the Lower Kellwasser event than during the Upper Kellwasser event and demonstrate how OWMs can
provide an important link between primary productivity, eutrophication, and the deposition of organic rich-strata.
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Integrating Macrostrat and Rockd into undergraduate Earth science teaching (Elements of Paleontology)
Cohen, P., Lockwood, R., & Peters, S.
Cambridge University Press. doi:10.1017/9781108681445, 2018
New online resources are opening doors for education and outreach in the Earth sciences. One of the most innovative online earth science portals is Macrostrat and its mobile client Rockd - an interface that combines geolocated
geological maps with stratigraphic information, lithological data, and crowd-sourced images and descriptions of
outcrops. These tools provide a unique educational opportunity for students to interact with primary geological data,
create connections between local outcrops and global patterns, and make new field observations. Rockd incorporates an aspect of social media to its platform, which creates a sense of community for users. This Element outlines
these resources, gives instructions on how to use them, and provides examples of how to integrate these resources
into a variety of paleontology and earth science courses.
Utilizing the paleobiology database to provide educational opportunities for undergraduates
(Elements of Paleontology)
Lockwood, R., Cohen, P., Uhen, M., & Ryker, K.
Cambridge University Press. doi:10.1017/9781108681667, 2018
Integration of research experiences into the undergraduate classroom can result in increased recruitment, retention, and motivation of science students. 'Big data' science initiatives, such as the Paleobiology Database (PBDB),
can provide inexpensive and accessible research opportunities. This Element provides an introduction to what the
PBDB is, how to use it, how it can be deployed in introductory and advanced courses, and examples of how it has
been used in undergraduate research. The PBDB aims to provide information on all fossil organisms, across the tree
of life, around the world, and through all of geologic time. The PBDB Resource Page contains a range of PBDB
tutorials and activities for use in physical geology, historical geology, paleontology, sedimentology, and stratigraphy
courses. As two-year colleges, universities, and distance-based learning initiatives seek research-based alternatives
to traditional lab exercises, the PBDB can provide opportunities for hands-on science activities.
The role of sediment supply in the adjustment of channel sinuosity across tropical river basins
José Constantine, Joshua Ahmed, Summer-Solstice Thomas ’20, Thomas Dunne, and T.C. Hales
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-320750, 2018
Meandering rivers are defined by their sinuous planforms and tendency to migrate. By lengthening the channel,
meander migration clearly helps to determine the planform that arises. And yet, despite a range of studies highlighting sedimentological, biotic, valleyslope, and planform-curvature controls on the evolution of the meandering
planform, there remains no statement on how channel sinuosity should adjust in response to meander migration.
In short, we have yet to explain how quickly meandering rivers should lengthen as they migrate across their floodplains, one of the most fundamental aspects of the meandering process. Previous work carefully defined patterns by
which the meandering planform can adjust, but the multitude of patterns suggested that the planform response to
migration is controlled by too many variables to allow for a deterministic generalisation. Still, a formal evaluation
of the nature of the relationship between lengthening and migration has been prevented by the absence of detailed
observations across a range of meandering river settings. Here, we define the relationship for 30 meandering reaches
of the Amazon Basin and Borneo using an archive of Landsat images. The rate that sinuosity adjusts with channel
migration can be explained by the manner by which the meander planform is deformed: bends that extend normal
to the downstream direction increase their sinuosity more slowly than bends that rotate downstream. Downstream
rotating bends are more common within rivers with high sediment loads and appear to establish point bars with
larger areal extents that expand throughout the meander. Upstream rotating meanders are associated with compound
meander development or the deposition of upstream sediment lobes. Our results suggest that the evolution of freely meandering rivers is strongly tied to catchment-wide supplies of riverbed material. The turnover of floodplain
sediments and habitats through meander migration is thus controlled by the full range of processes that ultimately
produce and redistribute riverbed sediment.
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Patterns and impacts of deforestation within lowland river valleys of Borneo
Molly Lohss ’20, José Constantine, Summer-Solstice Thomas ‘20
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-32065, 2018
Borneo, home to one of the oldest tropical forests, has lost half of its forest habitat to palm oil plantations, threatening the existence of a number of endangered species. Previous work highlighted that the deforestation has also
changed the behaviour of lowland rivers across the island, but the scale of change seemed limited given the degree
of deforestation. Along the Kinabatangan River, meander migration rates increased by roughly 1.3 times in spite of
complete removal of riverbank forest cover. To further assess the seeming paradox, we investigate here rates and
patterns of deforestation along 8 lowland rivers of Borneo, including the Kinabatangan, to get a better sense of the
broader environmental impacts of deforestation. We utilise Landsat imagery from 1989 to 2018 to construct patterns of landcover change, with images available for roughly every 5 years of record for the Baram, Barito, Kapuas,
Kahajan, Kinabatangan, Mahakam, Sugut, and York Rivers. Using a maximum likelihood classification, we found
that the average amount of natural forest lost for all of the rivers from 1989-1991 to 2016-2018 was 36.60%. Deforestation steadily occurred in the 29 year interval, but times of greater deforestation corresponded with times of
high demand and prices for palm oil. The river that experienced the most deforestation was the Baram River with a
total loss of 69.42% of its natural forest over our study period. Despite the scale of forest loss, the geomorphological response of each river was limited. Overlapping centrelines digitised from the historical imagery allowed us to
calculate rates of meander migration. In nearly every case, meander migration rates remained low and seemingly
unchanging, averaging 0.003 channel-widths per year. Our results suggest that the lowland rivers of Borneo are exceptionally resilient or that we are in the midst of a lag wherein much of the river responses to deforestation remain
to be seen.
The self-cleansing waters of the Housatonic: a case study of an industrial river
Emmett Blau ’18 and José Constantine
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-322542, 2018
Meandering rivers are characterised by their tendency to flood and migrate. Though this can create challenges when
developing property or building roads on the floodplain, these natural behaviours end up producing beautifully sinuous river courses and oxbow lakes. The result is an environment defined by a rich diversity of habitats and an effective ability to capture sediment within the floodplain. This latter trait has led many to argue that meandering river
floodplains have the potential to provide an important sinks for pollutants that adsorb to fine-grained particulate
matter. Studies into the sequestration efficacy of the floodplain, however, are complicated by both the multifaceted
pollution history and flood-control measures along many contaminated rivers. This makes the Massachusetts portion of the Housatonic River ideal for assessing the filtering potential of meandering rivers. Polychlorinated biphenyls (PCB’s), a known carcinogen, were leaked into the Housatonic by a General Electric Company facility until as
recently as 1977. The contaminants were quickly mobilised by the river and transported throughout the floodplain
environment. The EPA comprehensively sampled sediment from both the river and floodplain between 1998 and
2001, and we analysed this dataset involving thousands of sediment samples in a GIS framework. We observed
steady downstream decreases in the concentrations of PCB-laden sediment, interrupted only by dams and impoundments. Most of the floodplain sequestration occurred within the riverbank-floodplain interface, with concentrations
declining exponentially into the floodplain. Concentrations in the distal floodplain were negligible unless oxbow
lakes were present. Oxbows were centres of sequestration, with concentrations equaling what was being deposited
along the riverbank-floodplain interface. Our results confirm the importance of pollution capture by floodplains and
indicate the need to conserve and restore the natural dynamics of meandering rivers.
The drivers and extent of wildfire regime change in washington state, usa
Timothy Nagle-McNaughton ’18, Jonathan Ahsing, José Constantine
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-323060, 2018
Wildfires have become increasingly devastating, with the seven largest ever fire seasons in the US occurring between 2005 and 2017. This trend holds true across essentially every western state. For example, Alaska’s worst
wildfire season occurred in 2004 and second worst in 2015, Arizona’s worst in 2011, California’s worst in 2017, and
Montana’s worst in 2017. This increase has been attributed to a number of causes, including the spread of invasive
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species, increased human populations and activity, forest management policy, and climate change. However, the interactions between these causal factors and their relationship with wildfires is complex and highly variable in space
and time. Here, we present an analysis of the Washington State’s natural wildfire regimes over a 30-year period, and
examine the connections between wildfires, dryness, air temperature, and global climate phenomena. We found that
lightning-ignited wildfires in Washington have become more frequent and more devastating during a period from
1986 through 2015, and that this increase was strongly correlated with increased dryness, which was affect in part
by rising temperatures, and by the interaction of the El Niño–Southern Oscillation (ENSO) and the Pacific Decadal
Oscillation (PDO). Our results illustrate the variability and magnitude of change in wildfire regimes across ecoregions even when human ignitions are not considered. Furthermore, this study highlights the relationship between
the global climate and local conditions that can have large impacts on wildfire severity. Our findings suggest that
wildfires seasons will be increasingly severe in the future, as air temperatures and thus also dryness, are predicted
to rise.
Unravelling the role of vegetation in the avulsion history of gravel-bed rivers
Daniel Donahue ’19, José Constantine, and Gregory Pasternack
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018AM-321869, 2018
Whether meandering through lowland valleys or intertwining through the gravels of a steep mountain front, alluvial
rivers have long been known to be influenced by encounters with vegetation. What has been left open to debate
is the degree to which vegetation exerts a control on the evolution of alluvial rivers. Within the rapidly changing
surfaces of alluvial bars, colonising vegetation only has a narrow window within which to become firmly rooted,
ensuring access to water and robustness for withstanding inundation and any associated unravelling of bar sediment.
The limit imposed by frequent inundation explains the systematic pattern of vegetation succession observed along
aggrading point bars and floodplains. The problem is more acute within rivers prone to avulsion, even at meander
scales. Much of our theoretical understanding of avulsion relates to the topography of the riverbank-floodplain interface. Although clearly important, our theoretical understanding does not adequately account for the potential role
of floodplain vegetation, which could hinder the ability of overbank flows to mobilise floodplain sediment through
flow drag and the strengthening of the floodplain surface. Here, we assess the role of vegetation in controlling both
patterns of avulsion and widespread floodplain aggradation along the Yuba River of California. The river has undergone a long history of cumulative anthropogenic impacts, which left behind a perturbed river system, yet one that
remains highly dynamic and still functions as salmonid habitat. Repeated high-resolution LiDAR surveys integrated with field measurements of floodplain materials and vegetation revealed an important control of vegetation on
meander-scale avulsion. In short, dense vegetation patches facilitated localised aggradation, in some cases by rates
up to 50 cm per year. Conversely, non-vegetated patches, particularly when exposed as gaps between vegetated
patches, became loci of significant bar degradation, allowing overbank flows to effectively channelise and elevate
bounder shear stresses across the bar. In every case of avulsion that we observed, new channels were incised within
these non-vegetated patches. Our results suggest a critical role that floodplain vegetation plays in the avulsion history of gravel-bed rivers.
Automated species-level identification of planktonic foraminifera
Using convolutional neural networks, with comparison to human performance
Mitra, R., T.M. Marchitto, Q. Ge, B. Zhong, B. Kanakiya, M.S. Cook, J.S. Fehrenbacher, J.D. Ortiz, A. Tripati, E.
Lobaton
Marine Micropaleontology 147, March 2019, Pages 16-24
Picking foraminifera from sediment samples is an essential, but repetitive and low-reward task that is well-suited
for automation. The first step toward building a picking robot is the development of an automated identification
system. We use machine learning techniques to train convolutional neural networks (CNNs) to identify six species
of extant planktic foraminifera that are widely used by paleoceanographers, and to distinguish the six species from
other taxa. We employ CNNs that were previously built and trained for image classification. Foraminiferal training
and identification use reflected light microscope digital images taken at 16 different illumination angles using a
light-emitting diode (LED) ring. Overall machine accuracy, as a combination of precision and recall, is better than
80% even with limited training. We compare machine performance to that of human pickers (six experts and five
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novices) by tasking each with the identification of 540 specimens based on images. Experts achieved comparable
precision but poorer recall relative to the machine, with an average ac- curacy of 63%. Novices scored lower than
experts on both precision and recall, for an overall accuracy of 53%. The machine achieved fairly uniform performance across the six species, while participants' scores were strongly species-dependent, commensurate with their
past experience and expertise. The machine was also less sensitive to specimen orientation (umbilical versus spiral
views) than the humans. These results demonstrate that our approach can provide a versatile ‘brain’ for an eventual
automated robotic picking system.
Dynamic cliff-top beam response to wave impact
James Herterich, Rónadh Cox, Frédéric Dias
in Kim, Y., ed., Proceedings of the 13th International Conference on Hydrodynamics, 129-137, 2018
Boulders are fractured and excavated by large waves along steep coastlines, contributing to coastal erosion. Intense
fluid pressures enter cracks in attached bedrock, inducing bending stresses that may result in hydraulic fracture of
a block. We consider the dynamic response of an attached rock beam to loading during wave impact. We verify the
computational method using a known steady-state solution. We show that fast loading leads to greatest stress in the
beam and that the beam oscillates before settling to an equilibrium position. These oscillations can produce large
stresses long after the impact time.
Very large boulders were moved by storm waves on the west coast of Ireland in winter 2013–2014
Rónadh Cox
Marine Geology, 412, 217-219, 2019
Erdmann and co-authors (2018) present interesting observations of coastal boulder deposits along Ireland’s western
seaboard, Unfortunately, some of their interpretations are undermined by inaccurate information; and two of their
main conclusions—that boulders greater >50 t were not moved during the recent strong storms, and that boulders
20-30 t were not moved significantly against gravity—are incorrect. Field records from before and after the storm
events clearly show that boulders weighing 10s to 100s of tonnes were moved inland and uphill.
Storm-wave movement of megagravel, and formation of imbricated boulder ridges:
evidence from Froude-scaled wave-tank experiments
Cox, R., O’Boyle, L. Dias, F., and Cytrynbaum, J. ‘18
20th Congress of the International Union for Quaternary Research, 2019
Coastal boulder deposits (CBD) are supratidal clastic deposits that include isolated boulders, small clusters, and extensive ridge systems built of stacked, imbricated clasts. Individual boulders can weigh many 10s to 100s of tonnes.
They are emplaced by waves along steep rocky coasts. An outstanding question about these deposits is whether
storm waves can produce the structured and imbricated boulder ridges that are characteristic of CBD, or whether
they are the signatures of tsunami. We carried out Froude-scaled 1:100 wave tank experiments, using a JONSWAP
spectrum to simulate realistic storm conditions, with Hs ranging from 10-14 m (scaled equivalent). Model boulders
(441-1075t scaled equivalent) were situated on a cliff-top platform (10 m a.s.l. scaled equivalent), and we examined
both the movement of individual blocks and the formation of boulder clusters and ridges on the platform. Overtopping waves did not disperse cliff-top boulders, but tended to deposit them in clumps and ridges, with imbrication
and geometry matching coastal boulder deposits, indicating that storm waves can and do form imbricated boulder
ridges. The majority of boulder displacements were caused by a small subset of the incident waves, the key to boulder transport being development of a high velocity bore. The largest waves are not necessarily the most effective:
instead, wave-front steepness just before cliff impact seems to control the strength of post-collapse cross-platform
flow. Waves that approached the cliff unbroken, had a front slope angle in the range 15°-25°, and were taller than
the cliff, generated the most powerful bores. These waves moved very large boulders with masses in excess of those
predicted by existing hydrodynamic equations.
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Monitoring supratidal boulder deposits on Ireland’s west coast using structure-from-motion
photogrammetry and quantitative differencing
Rónadh Cox, Timothy Nagle-McNaughton ’18, and Peter Cox
62nd Irish Geological Research Meeting, 2019
Supratidal boulder deposits along Ireland’s Atlantic coast—both isolated clasts and organised boulder ridges—
include megagravel weighing tens to hundreds of tonnes. Despite their importance as archives of extreme wave
events, little is known about their sedimentology or geomorphology: how often new boulders are created and added,
whether boulder ridges are actively migrating, or whether they are currently aggrading or eroding. To address this,
we are implementing drone-based structure-from-motion (SfM) monitoring. We have generated benchmark models,
at cm-scale resolution, covering ~17 linear km of deposits; and are using the open-source software CloudCompare
www.danielgm.net/cc/ to quantitatively compare time series of these models. Initial tests from Valentia Island and
Inis Mór show the power of the CloudCompare differencing approach. SfM models of deposits on Valentia Island (data from July and November 2017), served as a control for CloudCompare’s change-detection algorithms.
CloudCompare correctly reported zero change between the two image sets, down to the ~3cm/pixel resolution of
the models. On Inis Mór however, CloudCompare identified substantial boulder movement at one site (near Bun
Gabhla) between 2015 and 2017, despite the lack of large storms during that time interval. Although there was essentially zero net volume change, CloudCompare detected displacement of ~200 boulders within the Bun Gabhla
deposit, ranging in size from a few 10s of kg to 28 tonnes. Individual clasts moved distances ranging from a few
10s of cm to more than 15 m. We corroborated the CloudCompare results by manually comparing the SfM models,
drone images, and field photographs.
Simulating storm surges on the Irish west coast: a numerical modelling approach
Nicole Beisiegel, Rónadh Cox, and Frédéric Dias
62nd Irish Geological Research Meeting, 2019
Storm surges are extremely dangerous events facing society at the current time and with its exposed location facing
the Atlantic Ocean, the Irish West Coast is particularly vulnerable to storm surges and is often battered by violent
storms during the winter months. Computer simulations are a crucial part in the study of these severe storm events:
Flood forecasts are needed by warning managers and insurance companies alike to issue warnings and estimate
damage respectively, and hindcasts (simulations after the events) contribute to ultimately improve our understanding of the physical mechanisms that cause these large storms and their impacts. Although simulations of storm
surges have been produced for decades and current simulation tools are able to give good estimates for high water
levels during storms, these predictions are often based on simplified assumptions and only give reasonable results
at broad geographic scale. They fail to take into account all the complexities that are present on finer scales such as
topographic features. The latter, however, can have a large impact on the wave behaviour and the resulting predicted
run-up. This is why we use a Discontinuous Galerkin model that is capable of simulating physical non-linearities
with the additional advantage of being computationally efficient through the use of adaptive mesh refinement. This
dynamically non-uniform mesh follows dominant physical features on fine scales and reduces the overall computational complexity of the simulation. The presentation will conclude with preliminary simulation results for a winter
storm on the Irish West Coast.
Field measurements of extreme waves in the intertidal zone, Aran Islands, Ireland
Pal Schmitt, Rónadh Cox, Frederic Dias, Louise O’Boyle, and Trevor Whittaker
Geophysical Research Abstracts, 21, EGU2019-15785, 2019
Recent research has shown that interaction with bathymetry can lead to wave height amplification of up to a factor
of 12. These extreme waves are important for coastal erosion and very large boulder movement but long-term field
records in such high-energy conditions are challenging to acquire, and very scarce. Over three winters (2016-2019)
we deployed custom-built pressure sensors in the intertidal zone at three locations, varying from a near vertical cliff
to a flat bedrock platform, on the Aran Islands off the west coast of Ireland. Reconstruction of surface elevation
from pressure sensor measurements in shallow water is difficult, and only very recently have methods been derived
that accurately reconstruct heights and shapes of progressing waves close to the breaking limit in shallow water.
Under these conditions, hydrostatic pressure assumptions do not return accurate wave heights, and non-linearity
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must be taken into account. The situation becomes even more non-linear, however, if water depth decreases very
rapidly, as is common at steep rocky coasts. In these cases, the assumption of progressing waves does not hold, and
many waves are breaking. This greatly complicates interpretation of pressure-sensor data from the intertidal zone.
In addition, very shallow water (from zero to a few metres) leads to very large ratios of wave height to water depth,
beyond standard analytical wave theories. Waves may break onto the sensor or be reflected from cliffs, which is not
covered by the progressing-waves assumption. Smoothing or filtering is needed to compensate for spurious oscillations in the higher order corrections, but the frequency of those oscillations can be similar to actual physical wave
crests, and distinguishing between them is difficult. Solving these problems is vital for understanding the interplay
between high-energy waves and rocky coastlines. We present attempts to apply surface reconstruction methods to
field data and the significant issues/uncertainties encountered. Results highlight the need for independent validation
and alternative measurement techniques.
Quantitative structure-from-motion modeling for monitoring change in coastal boulder deposits
Timothy Nagle-McNaughton ’18 and Rónadh Cox
Geological Society of America Abstracts with Programs, 50 (6), 10.1130/abs/2018AM-316699, 2018
Coastal boulder deposits (CBD) are supratidal accumulations of wave-deposited boulders, occurring as isolated
clasts weighing many tonnes or imbricated boulder ridges. Little is known about the rate at which CBD accumulate, whether they aggrade or erode over time, or how often new boulders are created and added to the deposits. We applied drone-based photogrammetry to monitor CBD evolution by building centimeter-resolution structure-from-motion (SfM) models in Agisoft PhotoScan and comparing a time-series of these models using the open
source software CloudCompare. We applied this technique to boulder ridges on Inishmore, Aran Islands and on
Valentia Island (west of Ireland).
Comparing a 2015 SfM model of the Inishmore site to a 2017 model revealed substantial change, despite the lack
of large storms during that time interval. The seaward edge of the boulder ridge was extensively rearranged. In an
area ~0.03km2 in size and ~8m above high water, CloudCompare detected displacement of ~200 individual boulders weighing 10s of kg to 28t, which moved distances of decimeters to >15m. We corroborated the CloudCompare
results by manually comparing the SfM models, drone images, and field photographs.
SfM models of CBD on Valentia Island from July 2017 and November 2017, a period of zero change, served as a
control for CloudCompare’s change-detection algorithms. CloudCompare correctly detected no reworking and no
volume change between the two image sets, down to the ~3cm/pixel resolution of the models. This result confirms
CloudCompare’s accuracy, and indicates that our Aran Island results did not include false-positive detections.
PhotoScan and CloudCompare together proved to be reliable and useful tools for detecting and quantifying CBD
movement. Using CloudCompare to analyze PhotoScan models is more comprehensive and more objective than manual comparisons of models or photographs, and our testing on Valentia Island demonstrates the accuracy of the CloudCompare results. Together, these programs can facilitate systematic and detailed observations of CBD in the future.
Wave tank investigations of large-boulder transport by storm waves
Jacob Cytrynbaum ’18, Rónadh Cox, and Louise O’Boyle
Geological Society of America Abstracts with Programs, 50 (6), 10.1130/abs/2018AM-316320, 2018
Coastal boulder deposits (CBD) accumulate above the high tide line, emplaced by high-energy wave events. They
include boulders >600t close to sea level, 100t boulders up to about 12m above high water, and small (≈1-3t) boulders up to 51m above the high water mark. How these boulders are transported, however, remains an open question.
We used a 1:100 Froude-scaled model in a laboratory wave tank to test whether storm waves could transport such
boulders. The tank was configured to model a characteristic CBD setting, with ramp-and-flat bathymetry offshore,
and a cliff-top platform 10m above sea level. Using a JONSWAP spectrum to simulate realistic storm conditions,
we examined the interaction of individual waves with large boulders (441-1075t scaled equivalent) situated on the
platform. We ran multiple tests using identical sea states while varying boulder size and configuration. Wave gauges
at several locations in the tank recorded water surface elevation, and video footage captured wave parameters and
wave-boulder interactions that are difficult to measure at full scale.
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We found the majority of boulder displacements were caused by a small subset of the incident waves. The keys
to boulder transport were pre-impact wave height greater than the cliff, and development of a high velocity bore.
Interestingly, the largest waves were not necessarily the most effective: instead, wave-front steepness just before
cliff impact seems to determine whether a strong cross-platform flow will develop. Waves that approached the cliff
unbroken, with a front slope angle in the range 15°-25°, generated the most powerful bores. These waves moved
boulders with masses in excess of those predicted by existing hydrodynamic equations.
This demonstrates the equations that are often used to analyze coastal boulder deposits do not accurately hind-cast
the wave conditions required for clast transport. Initiation of motion likely relates to a combination of incoming
wave shape, resulting bore velocity, and boulder shape and size, as well as other variables such as where the boulder
lies relative to the platform edge. This study demonstrates that storm waves have significant potential to transport
large boulders and identifies characteristics that make determine which kinds of waves will be effective.
Multi-pronged investigation uses coastal boulder deposits
To understand storm wave amplification along steep shorelines
Rónadh Cox, Frederic Dias, Jacob Cytrynbaum, ‘18, Timothy Nagle-McNaughton ’18, James Herterich, Pat
Schmitt, and Louise O’Boyle
Geological Society of America Abstracts with Programs, 50 (6) 10.1130/abs/2018AM-319507, 2018
Coastal boulder deposits (CBD) are supratidal clastic deposits that include isolated boulders, small clusters, and
extensive ridge systems built of stacked, imbricated clasts. Individual boulders can weigh many 10s to 100s of
tonnes. Emplaced by storm waves along steep rocky coasts, some are on cliffs as high as 50m above high water, and
others are found at the back of shallowly dipping coastal ramps, up to 250 m inland of the tide line. They are found
worldwide, but some of the best examples occur on the west coast of Ireland.
Measurements collected after severe storms in winter 2013-2014 yielded a catalogue of >1000 boulders that were
moved by waves. The survey data—which link boulder masses to precise topographies—are a record of the energies
transmitted by storm waves at specific elevations and distances inland. Comparison of these data to the marine buoy
record for that winter shows that to move these rocks at the documented locations, storm waves must have been
significantly amplified in the coastal zone.
Numerical modeling reveals that the required amplifications are likely when long waves traverse and shoal across
irregular bathymetry, terminating in a steep cliff: these are the topographic signatures of CBD sites. Scaled wave
tank experiments provide insights into the processes by which the collapse of amplified, cliff-overtopping waves
generates platform-crossing bores capable of mobilising very large boulders; and ongoing drone-based monitoring
allows us to track annual changes and relate them to seasonal storm data.
In aggregate, these studies allow us to link onshore energies (archived in the boulder masses activated by waves
at known topographic locations) with offshore wave conditions. What we have learned so far is that given the correct topographic conditions, hurricane-force storms (with significant wave heights in the 10-12 m range), generate
cliff-overtopping bores that can travel well inland, and are capable of moving megagravel weighing 100s of tonnes.
From on high: geochemistry of alpine springs, Niwot Ridge, Colorado front range, USA
Jordan F. Fields ‘17, David P. Dethier
Hydrological Processes, 1-19, 2019
Snowmelt‐fed springs and small (0.5 km2) upland catchments in alpine areas of the western United States contribute
significantly to the quantity and inorganic chemistry of water delivered to downstream basins but have not been
studied extensively. Mineral weathering, transit time, and hydrologic mixing control the solute chemistry of waters
that drain the upland zone of Niwot Ridge, Colorado Front Range, and adjacent areas in the granitic core of the
Southern Rocky Mountains. Water in 37 springs sampled in this study flows in generally short steep paths (~0.3 km)
through shallow regolith with mean transit times (MTT) of weeks to months, producing solutions dominated by Si,
Ca+2, Na+, and HCO-3, locally SO4-2. Rock type is a significant control on spring, surface, and shallow groundwater
chemistry, and plagioclase (oligoclase) is the major source of dissolved Na+ and Si. Concentrations of Ca+2 exceed
stoichiometric predictions of oligoclase weathering by ~3.5 X; excess Ca+2 likely represents weathering of aeoli147

an material, vein calcite, or trace minerals. Concentrations of base cations and Si increase slowly with estimated
MTT of 0.2 years for Niwot Ridge spring waters, and several years for shallow groundwater sampled by wells.
Chemical weathering of silicate minerals is slow with estimated rates of ~2.0 and 0.2 pmol·m −2·s−1 for oligoclase
and microcline, respectively; the most mineralized spring waters are saturated only with respect to kaolinite and
montmorillonite. More than 50% of the dissolved base cations + Si measured in Boulder Creek at Orodell (~25 km
downstream) accumulate before water emerges from alpine springs on Niwot Ridge. Warming global temperatures
are shifting more high‐elevation precipitation to rain, potentially changing run‐off patterns, transit time, and solute
loads. Acquisition of solutes by alpine waters thus has implications far beyond small upland catchments.
Canopy-surface cycling of chloride in a northeastern hardwood forest
Scott Wieman, David Dethier, and Jason Racela
Geological Society of America Abstracts with Programs, 51 (1) doi: 10.1130/abs/2019NE-328321, 2019
This study reports biogeochemical cycling inferences made from thirty years of precipitation and stream water
monitoring in Hopkins Memorial Forest, located in the Taconic Range of western Massachusetts and adjoining
Vermont and New York. Net throughfall flux of biologically active ions (e.g. ammonium) shows expected seasonal
trends, but our data identify a dramatic October spike in nearly every species measured, regardless of its biological relevance. The most dramatic example of this October increase is chloride – commonly used as a hydrologic
tracer – which tracks within error of sodium every other month of the year. In October, chloride increases by 700%
relative to other leaves-on months. This increase is not reported by other long-term ecological research stations
around New England. However, we do not observe a corresponding October increase in total chloride flux through
the watersheds. Such a discrepancy between net throughfall flux and total flux suggests a biologically-mediated
cycling of chloride within the watershed. Combining seasonal trends of watershed and net throughfall flux suggests
that chloride is mobilized in the fall, transported to the ground by precipitation, and washed out of the soil in the
spring. Once summer begins, chloride is taken up by growth and retained in organic matter until October, at which
point it is mobilized again. Another species that markedly increases in October is ANC, though we do not observe
a corresponding decrease in the throughfall pH. As canopy-precipitation interaction accounts for half of all acid
buffering that occurs in Hopkins Memorial Forest, this seasonal difference between the pH and ANC trends points
to buffering occurring due to hydronium uptake by leaves, not neutralization with dry deposition. Overall, the long
term monitoring suggests several important internal biogeochemical cycles that help elucidate the processes occurring better than those identified by total watershed flux measurements do.
Thirty-year trends in acid deposition and neutralization in two headwater catchments,
Northwestern Massachusetts, USA
David P. Dethier, Scott T. Wieman, and Jason Racela
Hydrological Processes, 32 (23), 3464-3478, 2018
Long‐term decreases in acidic precursors have changed the chemistry of precipitation and streamflow in two moderately to well‐buffered, forested headwater catchments in the Taconic Range of western New England, USA. We
report 30‐year geochemical trends from Birch Brook and annual and seasonal variations from Birch Brook and adjacent Ford Glen, which drain phyllitic and carbonate bedrock. Median pH of precipitation has increased irregularly
since 1983, consistent with regional trends.
Increases in precipitation pH and decreases in sulfate (SO4-2) correspond with increasing stream pH and decreasing
SO4-2 concentration and flux over at least the past 30 years. Calcium (Ca+2) concentration and acid‐neutralizing capacity (ANC) in Birch Brook began to increase about 2005, in contrast to geochemical indicators from some poorly
buffered catchments in the NE USA. Point and longitudinal sampling over a range of flows show that Birch Brook
chemistry is a mixture of upstream source waters (throughfall, soil water, and ground water) with different chemistries. Acidic precipitation and shallow soil water affect stream chemistry directly only in the upper reaches of Birch
Brook and during periods of extremely high flow, such as snowmelt. Ford Glen has high ANC and is near saturation
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with calcite at most flows. Long‐term trends measured at Birch Brook and at other streams in western
Massachusetts show that stream chemistry reflects changes in acidic deposition in upland catchments, even where
ecosystem geochemistry is well buffered by bedrock composition.
A contemporary mass-balance approach to small-catchment denudation rates
In glaciated New England
David Dethier, Jason Racela, and Scott Wieman
Geological Society of America Abstracts with Programs, 50 (6), doi: 10.1130/abs/2018NE-310419, 2018
The glaciated, post-orogenic, metamorphic terrain of western New England is evolving slowly in the modern cool,
moist climate. Most sediment and solutes transported from upland catchments likely originate in the mantle of
glacial debris. In small catchments, water and sediment transit times are short, near-channel storage is minimal
and biologic uptake and sequestration may approach a steady state. Thickening soil profiles, however, suggest that
erosion is not keeping pace with chemical weathering. We use long-term hydrologic, chemical and sediment data
from Hopkins Memorial Forest (HMF; Massachusetts/New York) and catchments at Hubbard Brook (HB; New
Hampshire) and Sleepers River (SR; Vermont) to estimate sediment transport and solute export rates for small
catchments that support old-growth forests. Annual export of inorganic sediment (3 to 7 T km-2yr-1) and base cations
+ Si (~5 T km-2yr-1) is low from silicate rocks. For carbonate-rich material (HMF; SR), base cations + Si export is
~10 to 15 T km-2yr-1. Relatively long annual records at HMF and HB suggest the variability of export and hint at the
importance of rare events. Measured values for chemical denudation do not vary substantially and reflect changes in
annual runoff, modified over the past century by anthropogenic acid deposition. Annual sediment transport is highly
variable and depends mainly on excess stream power and sediment availability. The legacy of recent glacial erosion and deposition is profound in North America and northern Europe. In New England a mantle of till and other
glacial sediment 3 to 5 m thick covers bedrock in most places and headwater streams and hillslopes are developed
in glacial deposits. Calculated bedrock lowering rates < 5 cm kyr-1 are small compared to estimated glacial erosion
during Quaternary time.
Permeability structure of the lava-dike transition of 15 My old oceanic crust formed
At the east pacific rise
Lisa A. Gilbert, Laura Crispini, Paola Tartarotti, and Miranda L. Bona ‘13
Geochemistry, Geophysics, Geosystems 19 (9), 3555-3569, DOI:10.1029/2018GC007696, 2018
The permeability structure of oceanic crust controls both the spatial and temporal extent of hydrothermal circulation, but the detailed geometry of fractures in seafloor rocks is not well known. We apply an equivalent channel
model to veins, joints, faults, and breccias preserved in recovered cores from ODP-IODP Hole 1256D to calculate
paleo-permeability. In the ~250-m transition between dikes and lavas, paleo-permeability is 1013~1014 m2 with
narrow zones of >109 m2 that presumably act as conduits for the largest volume of fluids. Most of these high-permeability zones are oriented vertically as a result of diking events into a significant thickness of lavas outside of the
neovolcanic zone. After an increase in permeability due to off-axis diking events, fluid temperatures drop, pathways
are sealed, and the permeability of the upper oceanic crust drops significantly.
Community-based research teams: examples from on the cutting edge and InTeGrate project
Cathryn A. Manduca, Lisa A. Gilbert, Richard S. Gragg, Ellen A.R. Iverson, R. Heather Macdonald, David A.
McConnell, and David Steer
American Geophysical Union Fall Meeting, 2018
In many cases, research projects are driven by the research interests and skills of individuals or small teams of
collaborators who come together to pursue a project of common interest. In contrast, the On the Cutting Edge Professional Development Program for Geoscience Faculty (OCE) and the InTeGrate STEP Center in the Geosciences
(InTeGrate) both developed community-based research teams to address project needs. OCE developed teams to
1) explore strategies for measuring the impact of the professional development program on student learning across
the country, 2) observe teaching in classrooms across the country and explore the relationship between the observed
teaching and the professional development program, and 3) explore the results of a geoscience faculty survey administered over 12 years. InTeGrate developed teams to 1) develop and score assessments of student learning and
149

analyze and interpret the resulting data, 2) research the adoption and impact of project developed teaching materials,
3) use observations to explore the impact of these materials on teaching and 4) investigate the impact of materials
on students at HBCUs. In most cases, team members were selected using open application processes.
This approach to research is producing important instruments, data sets, and results for both projects at the same
time that it is building research capacity within the geoscience education research community. For example, the
Classroom Observation Project research team created a strategy for training observers nationwide with good interrater reliability collecting over 200 observations of undergraduate geoscience classrooms across the country. Their
work has established a connection between professional development and effective teaching. The 15 member InTeGrate Assessment team created, tested, and refined an essay question for measuring systems thinking. The team
successfully scored over 1000 student essays with strong calibration. These data have been used to evaluate the impact of project materials on systems thinking nationwide. Community-based research teams complement PI-driven
education research by enabling wide-spread or large scale data collection while building capacity through expertise
sharing, focused skill-building, and consulting with external experts.
Developing undergraduate students’ systems thinking skills with an InTeGrate Module
Lisa A. Gilbert, Deborah S. Gross, and Karl J. Kreutz
Journal of Geoscience Education, 67 (1), 34-49, DOI: 10.1080/10899995.2018.1529469, 2019
Grand challenges such as energy, water, and food scarcity limit our growing population’s ability to live sustainably
on Earth. Such complex societal challenges, which interconnect many human and natural systems, will require today’s students to apply approaches that go beyond simple cause and effect. To help instructors teach students how
to develop their ability to work with complex systems that do not always behave in linear or intuitive ways, we
created an instructional module called Systems Thinking. The six-unit module is available online for free through
InTeGrate. Using the context of sustainability, Systems Thinking begins with terminology and conceptual models
and proceeds to quantitative modeling with an emphasis on metacognition—a key aspect of developing systems
thinking. Before publication, the module was reviewed for pedagogy and content and piloted in three undergraduate
courses in environmental science, oceanography, and climate science. External evaluators scored student work from
the pilots and found that students met the stated learning goals. Students who completed the entire Systems Thinking module scored significantly higher on assessments of systems thinking skills than students who completed only
one of the six units. The materials are broadly adaptable and instructors from a variety of disciplines can incorporate
the Systems Thinking module into existing courses to help undergraduate students develop complex approaches to
complex problems.
Facilitating development of effective interdisciplinary curricular materials
Anne E. Egger, Monica Z. Bruckner, Stuart J. Birnbaum, and Lisa A. Gilbert
In: Interdisciplinary Teaching about Earth and the Environment for a Sustainable Future Association of Environmental Sciences and Studies Book Series, Springer, DOI: 10.1007/978-3-030-03273-9, 2019
Development of strong interdisciplinary curricular materials requires bringing together teams of instructors with
diverse disciplinary expertise around complex and compelling topics. Many faculty lack the experience and support
needed to effectively develop curricula as part of a team. To address these needs and to meet its own goal of engaging students in learning about Earth in the context of societal issues, the InTeGrate project designed a process that
(1) constructed diverse and interdisciplinary materials development teams, (2) structured the materials development
around a detailed rubric that included grand challenges and interdisciplinary problem solving, (3) supported materials development teams through a semi-flexible, scaffolded development timeline with several checkpoints, and (4)
developed an extensive website to support both development teams and adopting instructors. Through this process,
32 interdisciplinary teams of 113 unique authors from around the country and many institution types produced 26
modules and 6 courses that are published on the InTeGrate website. The materials address a wide range of Earth-related grand challenges and contain explicitly interdisciplinary components. Authors and project leadership used the
website heavily to support the development process. The rubric, timeline, and web-based tools that supported teambased curriculum development encode research-based practices in curriculum design and teaching and learning, and
all components can be adapted for use by other projects.

150

Measuring literacy, attitudes, and capacities to solve societal problems
Ellen R. Iverson, David Steer, Lisa A. Gilbert, Kim A. Kastens, Kristin O’Connell, and Cathryn A. Manduca ‘80
In: Interdisciplinary Teaching about Earth and the Environment for a Sustainable Future Association of Environmental Sciences and Studies Book Series, Springer, DOI: 10.1007/978-3-030-03273-9, 2019
Effective assessments offer more than just a measurement of learning. When sequenced and aligned to evidence-based curriculum, assessments can facilitate learning and inform instruction. The Interdisciplinary Teaching
about Earth for a Sustainable Future (InTeGrate) project viewed assessment as a core strategy of the curriculum
being developed. InTeGrate used a community-based approach to assessment. An assessment team engaged with
materials development teams to facilitate module and course assessment design, developed common instruments to
assess student learning, analyzed student data from pilot tests to inform curriculum revisions, and used the findings
to fine-tune assessment instruments and to shed light on opportunities for faculty development within the geoscience education community. The community approach ensured high-quality curricula and assessments and strategies
to investigate learning at the module, course, and project level. Perhaps more importantly, the approach increased
the capacity of the geoscience education community by harnessing the expertise from within the community to
promote a culture of evaluative thinking.
Metamorphic processes recorded in delaminated metabasalts preserved on South Island, New Zealand
Caroline Hung ‘19, Lisa A. Gilbert, and Reinhard A. Wobus
Geological Society of America Northeast Section Abstracts with Programs, 51 (1), doi: 10.1130/
abs/2019NE-327974, 2019
Orogenic belts often provide essential information about the tectonic evolution of convergent margins throughout
the world. Records of tectonism and accretion preserved in the boundaries and structural features of such terranes
are often obscured or obliterated by metamorphism and deformation. The Otago Schist is part of an extensive belt
of low grade metamorphosed Mesozoic sediments and basalts on the South Island of New Zealand. The tectonic setting and origin of the Chrystalls Beach Metabasalt Formation (CBMF) is not well-correlated with the surrounding
terranes of the Otago schist. The Chrystalls Beach accretionary mélange is an excellent site to construct tectonic and
metamorphic history and to compare it other terranes of the Otago Schist. CBMF includes an assemblage of pillow
lava and breccia that ranges from well-preserved to extremely sheared and deformed. The assemblage also contains
spectacular epidote veins with quartz and chlorite around pillow margins and in fractures that have not been closely mapped and sampled. With petrographic and geochemical analyses, we aim to differentiate among previously
proposed interpretations of vein formation and to establish the sequence of alteration to emplacement events. Field
observations and cross-cutting relations at various scales indicate that epidote veins likely predated metamorphism.
Geochemical, petrographic, and isotopic data suggest that the vertical upflow zone of epidote veins was a result of
seafloor hydrothermal processes at a mid-ocean ridge and is not related to subduction. The secondary minerals and
associated fabrics demonstrate the degree of alteration by relatively low-temperature fluid-rock interactions. Seafloor hydrothermal alteration may have led to changes in crustal density and have implications for the preservation
and emplacement of the delaminated mid-ocean ridge lithosphere in the CBMF. Interpretation of CBMF pillows
and veins and their tectonic signatures will put their origin and alteration history into the context among the other
terranes of the Otago Schist.
Beyond cause-and-effect: teaching students to think in systems
Lisa A. Gilbert
Geological Society of America Northeast Section Abstracts with Programs, 51 (1), doi: 10.1130/
abs/2019NE-328457, 2019
Many grand societal challenges including access to drinking water and resilience to natural hazards require knowledge of Earth Science. Such challenges also require more than standard cause-and-effect approaches because they
involve the complex interaction of natural and human systems in ways that are often counter-intuitive and non-linear. To prepare students to address such complexity, we need to give them experience using the tools of systems
thinking. In particular, the experience of designing and running models can help students see systems holistically.
Several freely available systems visualization tools make semi-quantitative modeling accessible on a smartphone,
tablet, or computer. In this presentation, I introduce systems thinking concepts and engage audience participants in
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a method of jump-starting their students’ learning about systems in the context of Earth Science and sustainability
using interactive visualization. We will also address assessment and practice using two methods to measure students’ learning about systems.
Coastal geomorphology of a post-Holocene hurricane deposit on a Pleistocene marine terrace
from Isla Carmen (Baja California Sur, Mexico)
Johnson, M.E., Ledesma-Vázquez, J., and Guardado-France, R.
Journal of Marine Science and Engineering, 6, 108, Doi: 10.3390/jmse604108, 2018
This study reports the first example of major erosion from hurricanes degrading a rocky coastline anywhere around
the Gulf of California, although other sources of evidence are well known regarding the effect of inland erosion due
to catastrophic rainfall in the Southern Cape Region of the Baja California peninsula and farther north. The uplifted,
12-meter terrace on the eastern shore of Isla del Carmen is the site of an unconsolidated coastal boulder deposit
(CBD) consisting of large limestone blocks and boulders eroded from underlying Pliocene strata. The CBD stretches approximately 1.5 km in length, mostly set back 25 m from the lip of the terrace. The largest blocks of upturned
limestone near the terrace edge are estimated to weigh between 5.8 and 28 metric tons. Waves impacting the rocky
coast that peeled back slabs of horizontally layered limestone at this spot are calculated to have been between 11.5
and 14 m in height. Analysis of sampled boulders from the CBD set back from the terrace edge suggest that the
average wave height responsible for moving those boulders was on the order of 4.3 m. Additional localities with
exposed limestone shores, as well as other more common rock types of igneous origin, have yet to be surveyed for
this phenomenon elsewhere around the Gulf of California.
Heterozoan carbonate-enriched beach sand and coastal dunes – with particular reference to rhodoliths,
Dirk Hartog Island, Shark Bay, Western Australia
Harvey, A., Johnson, M.E., and Harvey, R.
Facies, 64 (23), Doi: 10.1007/s10347-018-0544-4, 2018
This is a preliminary interdisciplinary study on the enrichment of heterozoan carbonates on Dirk Hartog Island,
Shark Bay, Western Australia, with particular reference to rhodolith (free-living non-geniculate) coralline algae. The
current study aims to investigate the geological impact of shallow-water rhodoliths in Shark Bay, as well as fill critical information gaps on the biogeographical distribution of rhodoliths in Australia. We analyzed the composition of
sand from eight sites (totaling 21 beach and sand dune samples) on the eastern (windward) shore of the island, and
investigated the origin of the coralline algal grains. Heterozoan carbonates (shell, geniculate coralline algae grains,
and rhodolith grains) together comprised 3–84% of the carbonate-enriched beach and dune sand samples. While
shell fragments often comprised the highest percentage (up to 73%), rhodolith grains (up to 27%) were found in
12 of 21 samples, with rhodolith grains also occurring in two dune samples. Geologically, the study has shown that
rhodoliths and rhodolith beds are important shallow-marine habitats in Shark Bay, with a proven capacity to enrich
beach/dune sands in Shark Bay and potentially other areas along the Australian coast. Biogeographically, the study
confirmed the presence of a previously undescribed shallow rhodolith bed in Shark Bay (the first bed documented
on the Western shore) with the possibility of a third bed near Sandy Point on Dirk Hartog Island. It also confirmed
the presence of rhodolith forming Neogoniolithon brassica- orida and Lithophyllum sp. in Shark Bay, and is the first
record of Hydrolithon reinboldii rhodoliths in Australia.
Rhyolite domes and subsequent offlap of Pliocene carbonates around volcanic islets
at San Basilio (Baja California Sur, Mexico)
Johnson, M.E., Backus, D.H., Carreño, A.L., and Ledesma-Vázquez, J.
Geosciences, 9 (2), 87, Doi: 10.3390/geosciences9020087, 2019
San Basilio basin in Baja California Sur (Mexico) exhibits distinct styles of volcanism that interrupted phases of
normal sedimentation correlated with the Zanclean Stage (Lower Pliocene). Sea cliffs around a 4-km2 bay opening
onto the Gulf of California are dominated by rhyolite, mudstone, sandstone, and limestone. Volcanism associated
with jigsaw-fitted hyaloclastite is regionally uncommon and the goal was to investigate interactions between volcanic events and intervals of stability represented by fossil-rich strata. Methods of study involved a combination of
microfossil and macrofossil analyses. Relating the basin’s faults to Pliocene development in the greater Gulf of Cal152

ifornia was a secondary goal. Microfossils Bolivina bicostata and B. interjuncta recovered from mudstone indicate
an initial water column of 150 m. An abrupt hydromagmatic explosion ruptured the mudstone cover, followed by
banded rhyolite flows inter-bedded with sandstone. Outlying limestone beds with the index fossil Clypeaster bowersi are separated from rhyolite by conglomerate eroded under intertidal conditions. A renewed phase of activity saw
eruption of smaller volcanos in the basin center semi-contemporaneous with pecten limestone deposited on unstable
slopes. Normal faults conform to a pattern of extensional rifting in the proto-gulf, followed by cross-cutting faults
indicating the onset of transtensional tectonics beginning about 3.5 Ma.
Paleoenvironment and taphonomy of lower Miocene bivalve and macroid assemblages:
the Lagos biocalcarenite (Lagos-Portimão Formation, Southern Portugal)
Silva, C.M., Cach, M., Rebelo A.C., Johnson, M.E., Baarli, B.G., Santos, A., and Mayoral, E.J.
Facies, 65 (6), Doi: 10.1007/s10347-018-0550-3, 2019
Between Lagos and Albufeira, the Algarve coast of southern Portugal is marked by outcrops of the lower Miocene
Lagos- Portimão Formation (LPF) consisting of yellow sandstone and coarse skeletal-rhodolithic limestone. This
contribution focuses on the rhodoliths, their paleoecology, taphonomy, and biological composition, in the Lagos
Biocalcarenite, the lower member of the LPF. Special attention is paid to the unusual occurrence of numerous
rhodoliths nucleated around articulated bivalve shells, as well as to the nature of their biological interactions and
taphonomic features. The calcareous algae of the rhodoliths (Phymatolithon calcareum and Spongites sp.) are commonly interlayered with thin bands of bryo- zoans and serpulids. Thick beds of non-nucleated spheroidal rhodoliths
rst appear at approximately 5–6 m above the base of the LPF as a result of a storm event that shifted rhodoliths in a
shoreward direction. The bioeroded surface at the top of the Cretaceous Porto de Mós Formation, at the base of the
overlying LPF succession, is a wave-cut platform representing the Miocene transgressive surface.
Stratigraphic, tectonic, and paleogeographic constraints on the Acadian orogeny from detrital and igneous
zircon dating of rocks from the Connecticut Valley-Gaspe Basin in Massachusetts and Vermont
Paul Karabinos and J.L. Crowley
Geological Society of America, Abstracts with Programs, 51 (1), doi: 10.1130/abs/2019NE-328130, 2019
The Connecticut Valley-Gaspe basin (CVGB) is one of several basins in the northern Appalachians filled by Silurian and Devonian rocks. The Silurian Shaw Mtn (VT) and Russell Mtn (MA) Fms form discontinuous lenses of
quartzite along the western contact of the basin. The Northfield (VT) and Goshen (MA) Fms structurally overlie
the quartzite lenses. The Waits River and Gile Mtn Fms are exposed east of the Northfield and Goshen Fms. Fossil
evidence suggested a Devonian age for the Waits River and Gile Mtn Fms (Hueber et al., 1990). Recent absolute
age constraints include dates from meta-rhyolites in the Meetinghouse Slate Mbr of the Gile Mtn Fm (407 ± 3 Ma;
Rankin and Tucker, 2009) and the Goshen Fm. (405 ± 4 Ma; Karabinos and Aleinikoff, 2011).
New U-Pb LA-ICPMS and CA-IDTIMS zircon dates constrain the age and provenance of these units. Two detrital
zircon age spectra from the Russell Mtn Fm have significant Silurian, Ordovician, Neoproterozoic, and Mesoproterozoic peaks, and show a mixed Laurentian and Gondwanan provenance. One sample of the Shaw Mtn Fm from
northern VT contains abundant Ordovician zircon grains and shows a mixed Laurentian and Gondwanan provenance. In contrast, two samples of the Shaw Mtn Fm from southern VT contain exclusively Laurentian grains and
no grains younger than Neoproterozoic. Detrital zircon age spectra from the Waits River, Gile Mtn, and Northfield/
Goshen Fms have significant Early Devonian, Ordovician, and Proterozoic peaks, and show a mixed Laurentian and
Gondwanan provenance. Airfall tephras are preserved in the Goshen Fm and one newly identified felsic bed gave
a CA-IDTIMS date of 408.6 ± 0.1 Ma. The youngest grain dated from the Goshen Fm in MA, just south of the VT
border and on strike with the Northfield Fm is 414.1 ± 0.3 Ma.
We suggest that 1) the western contact of the CVGB is a fault along its entire length, 2) there is a significant age gap
between Russell Mtn and Shaw Mtn Fms and other CVGB units, 3) the Waits River Fm is older than the Gile Mtn
and Northfield/Goshen Fms, which may be facies equivalents of each other, and 4) a significant topographic barrier
separated the CVGB from the Silurian-Devonian Catskill basin, which did not receive abundant Ordovician and
Silurian zircon grains until the Middle Devonian and did not receive Gondwanan detritus until the Upper Devonian
(Selleck et al., 2016).
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A traverse through the suture zone between Laurentia and the Moretown terrane
in Northwestern Massachusetts
Paul Karabinos, F.A. Macdonald, and J.L. Crowley
In: Grover, T., and Mango, H. eds., New England Intercollegiate Geologic Conference and New York State Geological Association Joint Meeting, C3-1 – C3-33, 2018
U-Pb dates on magmatic and detrital zircon from samples in the hinterland of the Taconic orogen place new constraints on the timing and plate tectonic geometry of terrane accretion and magmatic arc activity. The Moretown
terrane, a Gondwanan-derived exotic block, extends from the Rowe Schist-Moretown Formation contact in the west
to the Bronson Hill arc in the east. Arc-related plutonic and volcanic rocks formed above an east-dipping subduction
zone under the western leading edge of the Moretown terrane from approximately 500 to 470 Ma, until it collided
with hyperextended distal fragments of Laurentia, represented by the Rowe Schist. Magmatic arc rocks formed
during this interval are primarily located in the Shelburne Falls arc, although some rocks that formed above the early
east-dipping subduction zone are located in the northern part of the Bronson Hill arc to the east. Metasedimentary
rocks in the Shelburne Falls arc contain detrital zircon derived from mixing of Gondwanan, Laurentian, and arc
sources, suggesting that the Moretown terrane was proximal to Laurentia by 475 Ma. Explosive eruptions at 466
to 464 Ma preserved in the Barnard Volcanic Member of the Missisquoi Formation in Vermont and as ash beds in
the Indian River Formation in the Taconic allochthons may record slab-breakoff of subducted lithosphere following
collision of the Moretown terrane with distal Laurentian crustal fragments. Between 466 and 455 Ma a reversal in
subduction polarity lead to a west-dipping subduction zone under Laurentia and the newly accreted Moretown terrane. Magmatic arc rocks in the Bronson Hill arc formed above this west-dipping subduction zone along the eastern
trailing edge of the Moretown terrane at approximately 455 to 440 Ma. The western boundary of Ganderia in New
England is east of the Bronson Hill arc, buried beneath Silurian and Devonian rocks deformed during the Acadian
orogeny.

Mathematics and Statistics
Densities of hyperbolic cusp invariants
Colin Adams, Rose Kaplan-Kelly, Michael Moore, Brandon Shapiro, Shruthi Sridhar, Joshua Wakefield
Proceedings of the American Mathematical Society, Vol. 146, No. 9, pp 4073-4089, September 2018
This paper investigates the ratio of the volume in the cusps of a hyperbolic manifold to the volume in the entire
manifold. It further introduces the question of the cusp volume per crossing in a hyperbolic link complement, obtaining various bounds.
Waist size for cusps in hyperbolic 3-manifolds II
Colin Adams
Geometriae Dedicata, on-line Jan. 2019
This paper extends results from a previous paper to show that the shortest length of a “waist” in a maximal cusp
boundary of a hyperbolic 3-manifold must be length 1, 21/4, or at least 1.
Hyperbolicity of Links in Thickened Surfaces
C. Adams, C. Albors Riera, B. Haddock ‘19, D. Nishida ‘18, B. Reinoso, L. Wang
Topology and its Applications, 256, February 2018
This paper proves that an alternating link in a thickened surface with disk complementary regions must be hyperbolic. These results are extended to other manifolds as well.
Knots related by knotoids
C. Adams, A. Henrich, K. Kearney, N. Scoville
American Mathematics, 126:6, 483-490, 2019
This paper gives an answer to the question of which pairs of knots are related through a fixed knotoid. We prove all
pairs of knots are so related.
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Gold rush
Colin Adams
Mathematical Intelligencer, Volume 40, Issue 2, 30-32, 2018
What if the gold you’re trying to dig up is actually theorems?
An introduction to the collected works
Colin Adams
Mathematical Intelligencer, Volume 40, Issue 3, 43-44, 2018
An introduction to the collected works of Frederick Funkle, the creator of the Funkle Functor and the Funkle Asymptote.
The great storm
Colin Adams
Mathematical Intelligencer, Volume 40, Issue 4, 23-25, 2018
Trying to survive the great logical storm that grew out of Russell’s paradox.
Five dollars: living proof: stories of resilience along the mathematical journey
Colin Adams
Mathematical Association of America, 112-113, 2019
Overcoming adversity to succeed at mathematics.
The modern prometheus
Colin Adams
Mathematical Intelligencer, Volume 41, Issue 1, 39-41, 2019
A tale of a mathematical Frankenstein.
Spanning surfaces for hyperbolic knots in the 3-sphere
Colin Adams
Knots, Low-Dimensional Topology and Applications, Knots in Hellas, Springer PROMS 284, 31-42, 2019
An overview of spanning surfaces in hyperbolic knot complements.
A hybrid model for the population dynamics of periodical cicadas
J Machta, JC Blackwood, A Noble, AM Liebhold, and A Hastings
Bulletin of Mathematical Biology, 81, 1122-1142, 2019
In addition to their unusually long life cycle, periodical cicadas, Magicicada spp., provide an exceptional example
of spatially synchronized life stage phenology in nature. Within regions (“broods”) spanning 50,000-500,000 km2,
adults emerge synchronously every 13 or 17 years. While satiation of avian predators is believed to be a key component of the ability of these populations to reach high densities, it is not clear why populations at a single location
remain entirely synchronized. We develop nonlinear Leslie matrix-type models of periodical cicadas that include
predation-driven Allee effects and competition in addition to reproduction and survival. Using both analytical and
numerical techniques, we demonstrate the observed presence of a single brood critically depends on the relationship
between fecundity, competition and predation. We analyze the single-brood, two-brood, and all-brood equilibria
in the large life span limit using tractable hybrid approximation to the Leslie matrix model with continuous time
competition in between discrete reproduction events. Within the hybrid model, we prove that the single-brood equilibrium is the only stable equilibrium. This hybrid model allows us to quantitatively predict population sizes and the
range of parmaetres for which the stable single-brood and unstable two-brood and all-brood equilibria exist. The
hybrid model yields a good approximation to the numerical results for the Leslie matrix model for the biologically
relevant case of a 17-year life span.
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An introduction to compartmental modeling for the budding infectious disease modeler
JC Blackwood and LM Childs
Letters in Biomathematics, 5, 195-221, 2018
Mathematical models are ubiquitous in the study of the transmission dynamics of infectious diseases. In particular,
the classic “susceptible-infectious-recovered” (SIR) paradigm provides a modeling framework that can be adapted
to describe the core transmission dynamics of a range of human and wildlife diseases. These models provide an
important tool for uncovering the mechanisms generating observed disease dynamics, evaluating potential control
strategies, and predicting future outbreaks. With ongoing advances in computational tools as well as access to disease incidence data, the use of such models continues to increase. Here, we provide a basic introduction to disease
modeling that is primarily intended for individuals who are new to developing SIR-type models. In particular, we
highlight several common issues encountered when structuring and analyzing these models.
Competition and “stragglers” as mediators of developmental synchrony in periodical cicadas
JC Blackwood, J Machta, AD Meyer ‘16, AE Noble, A Hastings, and AM Liebhold
The American Naturalist, 192, 479-489, 2018
Periodical cicadas are enigmatic organisms: broods spanning large spatial ranges consist of developmentally synchronized populations of 3-4 sympatric species that emerge as adults every 13 or 17 years. Only one brood typically occupies any single location, with well-defined boundaries separating distinct broods. The cause of such
synchronous development remains uncertain but it is known that synchronous emergence of large numbers of adults
in a single year satiates predators, allowing a substantial fraction of emerging adults to survive long enough to reproduce. Competition among nymphs feeding on tree roots almost certainly plays a role in limiting populations.
However, due to the difficulty of working with such long-lived subterranean life stages, the mechanisms governing
competition in periodical cicadas have not been identified. A second process that may affect synchrony among periodical cicadas is their ability to delay or accelerate their emergence as adults by one year and accelerate it by four
years (“stragglers”). We develop a non-linear Leslie-type matrix model that describes cicada dynamics accounting
for predation, competition and stragglers. Using numerical simulations, we identify conditions that generate dynamics in which a single brood occupies a given geographical location. Our results show that while stragglers have
potential for introducing multiple sympatric broods, the interaction of interbrood competition with predation-driven
Allee effects creates a system resistant to such invasions and populations maintain developmental synchrony.
Modelling allee effects in a transgenic mosquito population during range expansion
M Walker, JC Blackwood, V Brown, and LM Childs
Journal of Biological Dynamics, 1-21, 2018
Mosquitoes are vectors for many diseases that cause significant mortality and morbidity. As mosquito populations
expand their range, they may undergo mate-finding Allee effects such that their ability to successfully reproduce
becomes difficult at low population density. With new technology, creating target specific gene modification may be
a viable method for mosquito population control. We develop a mathematical model to investigate the effects of releasing transgenic mosquitoes into newly established, low-density mosquito populations. Our model consists of two
life stages (aquatic and adults), which are divided into three genetically distinct groups: heterogeneous and homogeneous transgenic that cause female infertility and a homogeneous wild type. We perform analytical and numerical
analyses on the equilibria to determine the level of saturation needed to eliminate mosquitoes in a given area. This
model demonstrates the potential for a gene drive system to reduce the spread of invading mosquito populations.
Addressing missing data in confounders when estimating propensity scores for continuous exposures
Coffman, D., Zhou, J., Cai, X., and Graham, J.
Health Services and Outcomes Research Methodology, 18(4): 265-286, 2018
Propensity score models are frequently used to estimate causal effects in observational studies. One unresolved issue
in fitting these models is handling missing values in the propensity score model covariates. As these models usually
contain a large set of covariates, using only individuals with complete data significantly decreases the sample size
and statistical power. Several missing data imputation approaches have been proposed, including multiple impu156

tation (MI), MI with missingness pattern (MIMP), and treatment mean imputation. Generalized boosted modeling
(GBM), which is a nonparametric approach to estimate propensity scores, can automatically handle missingness
in the covariates. Although the performance of MI, MIMP, and treatment mean imputation have previously been
compared for binary treatments, they have not been compared for continuous exposures or with single imputation
and GBM. We compared these approaches in estimating the generalized propensity score (GPS) for a continuous
exposure in both a simulation study and in empirical data. Using GBM with the incomplete data to estimate the GPS
did not perform well in the simulation. Missing values should be imputed before estimating propensity scores using
GBM or any other approach for estimating the GPS.
Stats: Data and Models, 5th Edition
Richard De Veaux with Paul Velleman and David Bock
Pearson, 2018
Business Statistics, 4th Edition
Richard De Veaux with Paul Velleman and Norean Sharpe
Pearson, 2018
Generalizing the Minkowski question mark function to a family
Of multidimensional continued fractions
Thomas Garrity with Peter McDonald ‘16
The International Journal of Number Theory, Vol. 14, No. 09, pp. 2473-2516, 2018
The Minkowski question mark function ?:[0,1]→[0,1] is a continuous, strictly increasing, one-to-one and onto function that has derivative zero almost everywhere. Key to these facts are the basic properties of continued fractions.
Thus ?(x) is a naturally occurring number theoretic singular function. This paper generalizes the question mark
function to the 216 triangle partition (TRIP) maps. These are multidimensional continued fractions which generate a
family of almost all known multidimensional continued fractions. We show for each TRIP map that there is a natural
candidate for its analog of the Minkowski question mark function. We then show that the analog is singular for 96
of the TRIP maps and show that 60 more are singular under an assumption of ergodicity.
Block circulant graphs and the graphs of critical pairs of a crown
Rebecca Garcia, Pamela E. Harris, Bethany Kubik, and Shannon Talbott
Electronic Journal of Graph Theory and Applications x (x) 1–10, 2019
In this paper, we provide a natural bijection between a special family of block circulant graphs and the graphs of
critical pairs of the posets known as generalized crowns. In particular, every graph in this family of block circulant
graphs we investigate has a generating block row that follows a symmetric growth pattern of the all ones matrix. The
natural bijection provides an upper bound on the chromatic number for this infinite family of graphs.
On the genus of a quotient of a numerical semigroup
Ayomikun Adeniran, Steve Butler, Colin Defant, Yibo Gao, Pamela E. Harris, Cyrus Hettle, Qingzhong Liang,
Hayan Nam, and Adam Volk
Semigroup Forum, Jan. 3, 2019
We find a relation between the genus of a quotient of a numerical semigroup Sand the genus of S itself. We use
this identity to compute the genus of a quotient of S when S has embedding dimension 2. We also exhibit identities
relating the Frobenius numbers and the genus of quotients of numerical semigroups that are generated by certain
types of arithmetic progressions.
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Lattice Point Visibility on Power Functions
Pamela E. Harris and Mohamed Omar
INTEGERS, Volume 18, A90, 2019
It is classically known that the proportion of lattice points visible from the origin via functions of the form f(x) = nx
with n ∈ Q is 1 where ζ(s) is the classical Reimann zeta function. Goins, Harris, Kubik and Mbirika, generalized this
and determined that the proportion of lattice points visible from the origin via functions of the form f(x) = nxb with
n ∈ Q and b ∈ N is ζ (b+1). In this article, we complete the analysis of determining the proportion of lattice points
that are visible via power functions with rational exponents, and simultaneously generalize these previous results.
Optimal (t, r)-broadcast domination on the infinite grid
Benjamin Drews’18, Pamela E. Harris, Timothy Randolph’18
Discrete Applied Mathematics, Volume 255, 28, Pages 183-197, February 2019
Let G = (V, E) be a graph and t, r be positive integers. The signal that a vertexv receives from a tower of signal
strength t located at vertex T is defined as sig(v,T) =max(t − dist(v, T ), 0), where dist(v, T ) denotes the distance
between the vertices v and T . In 2015 Blessing, Insko, Johnson, and Mauretour defined a (t,r) broadcast dominating
set, or simply a (t, r) broadcast, on G as a set T ⊆ V such that the sum of all signal received at each vertex v ∈ V is at
least r. We say that T is optimal if |T| is minimal among all such sets T. The cardinality of an optimal (t, r) broadcast
on a finite graph G is called the (t, r) broadcast domination number of G. The concept of (t,r) broadcast domination
generalizes the classical problem of domination on graphs. In fact, the (2, 1) broadcasts on a graph Gare exactly the
dominating sets of G.
In their paper, Blessing et al. considered (t, r) ∈ {(2, 2), (3, 1), (3, 2), (3, 3)} and gave optimal (t, r) broadcasts on
Gm,n, the grid graph of dimension m × n, for small values of m and n. They also provided upper bounds on the
optimal (t, r) broadcast numbers for grid graphs of arbitrary dimensions. In this paper, we define the density of a (t,
r) broadcast, which allows us to provide optimal (t, r) broadcasts on the infinite grid graph for all t ≥ 2 and r = 1, 2,
and bound the density of the optimal (t, 3) broadcast for all t ≥ 2. In addition, we give a family of counterexamples
to the conjecture of Blessing et al. that the optimal (t, r) and (t + 1, r + 2) broadcasts are identical for all t ≥ 1 and r
≥ 1 on the infinite grid.
Descent polynomials
Alexander Diaz-Lopez, Pamela E. Harris, Erik Insko, Mohamed Omar, and Bruce Sagan
Discrete Mathematics 342, 1674–1686, 2019
Let n be a nonnegative integer and I be a finite set of positive integers. In 1915, MacMahon proved that the number
of permutations in the symmetric group Sn with descent set I is a polynomial in n. We call this the descent polynomial. However, basic properties of these polynomials such as a description of their coefficients and roots do not
seem to have been studied in the literature. Much more recently, in 2013, Billey, Burdzy, and Sagan showed that the
number of elements of Sn with peak set I is a polynomial in n times a certain power of two. Since then, there have
been a flurry of papers investigating properties of this peak polynomial. The purpose of the present paper is to study
the descent polynomial. We will see that it displays some interesting parallels with its peak relative.
The volume of the caracol polytope
Carolina Benedetti, Rafael Gonzalez D’Leon, Christopher R. H. Hanusa, Pamela E. Harris, Apoorva Khare, Alejandro Morales and Martha Yip
S ́eminaire Lotharingien de Combinatoire XX, Proceedings of the 30th Conference on Formal Power, Article
#YY, 12 pp. Series and Algebraic Combinatorics (Hanover), 2018
We give a combinatorial interpretation of the Lidskii formula for flow polytopes and use it to compute volumes via
the enumeration of new families of combinatorial objects which are generalizations of parking functions. Our model
applies to recover formulas of Pitman and Stanley, and compute volumes of previously seemingly unapproachable
flow polytopes. A highlight of our model is that it leads to a combinatorial proof of an elegant volume formula for a
new flow polytope which we call the caracol polytope. We prove that the volume of this polytope is the product of
a Catalan number and the number of parking functions.
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Dimensions of group-based phylogenetic mixtures
Hector Banos, Nathaniel Bushek, Ruth Davidson, Elizabeth Gross, Pamela E. Harris, Robert Krone, Colby Long,
Allen Stewart, and Robert Walker
Bulletin of Mathematical Biology, 81:316–336, 2019
In this paper we study group-based Markov models of evolution and their mixtures. In the algebreo-geometric setting, group-based phylogenetic tree models correspond to toric varieties, while their mixtures correspond to secant
and join varieties. Determining properties of these secant and join varieties can aid both in model selection and
establish- ing parameter identifiability. Here we explore the first natural geometric property of these varieties: their
dimension. The expected projective dimension of the join variety of a set of varieties is one more than the sum of
their dimensions. A join variety that realizes the expected dimension is nondefective. Nondefectiveness is not only
interesting from a geometric point-of-view, but has been used to establish combinatorial identifiability for several
classes of phylogenetic mixture models. In this paper, we focus on group-based models where the equivalence classes of identified parameters are orbits of a subgroup of the automorphism group of the group defining the model. In
particular, we show that, for these group-based models, the variety corresponding to the mixture of r trees with n
leaves is nondefective when n ≥ 2r + 5. We also give improved bounds for claw trees and give computational evidence that 2-tree and 3-tree mixtures are nondefective for small n.
Bin decompositions
Daniel Gotshall, Pamela E. Harris, Dawn Nelson, Maria D. Vega, and Cameron Voigt
Involve, a Journal of Mathematics, Vol. 12, no. 3, pp. 503–519, 2019
It is well-known that every positive integer can be expressed as a sum of nonconsecutive Fibonacci numbers provided the Fibonacci numbers satisfy Fn = Fn−1 + Fn−2 for n≥3, F1 =1 and F2 =2. In this paper, for any n,m∈N we
create a sequence called the (n, m)-bin sequence with which we can define a notion of a legal decomposition for
every positive integer. These sequences are not always positive linear recurrences, which have been studied in the
literature, yet we prove, that like positive linear recurrences, these decompositions exist and are unique. Moreover,
our main result proves that the distribution of the number of summands used in the (n, m)-bin legal decompositions
displays Gaussian behavior.
Diversity of artists in major U.S. museums
Chad Topaz, Bernhard Klingenberg, Daniel Turek, Brianna Heggeseth, Pamela Harris, Julie Blackwood, C. Ondine Chavoya, Steven Nelson, Kevin Murphy
PLOS One 14(3): e0212852, 2019
The U.S. art museum sector is grappling with diversity. While previous work has investigated the demographic
diversity of museum staffs and visitors, the diversity of artists in their collections has remained unreported. We
conduct the first large-scale study of artist diversity in museums. By scraping the public online catalogs of 18 major
U.S. museums, deploying a sample of 10,000 artist records comprising over 9,000 unique artists to crowdsourcing,
and analyzing 45,000 responses, we infer artist genders, ethnicities, geographic origins, and birth decades. Our results are threefold. First, we provide estimates of gender and ethnic diversity at each museum, and overall, we find
that 85% of artists are white and 87% are men. Second, we identify museums that are outliers, having significantly
higher or lower representation of certain demographic groups than the rest of the pool. Third, we find that the relationship between museum collection mission and artist diversity is weak, suggesting that a museum wishing to increase diversity might do so without changing its emphases on specific time periods and regions. Our methodology
can be used to broadly and efficiently assess diversity in other fields.
Controlling the dimensions of formal fibers of a unique factorization domain
At the height one prime ideals
S. Fleming ’18, L. Ji, S. Loepp, P. McDonald ’16, N. Pande ’17, and D. Schwein
Journal of Commutative Algebra, 10, no. 4, 475-498 (2018)
Let T be a complete local ring satisfying some technical conditions. We construct a local unique factorization domain A such that the completion of A is T and such that we can control both the dimension of the generic formal fiber
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of A and the dimensions of all of the formal fibers at the height one prime ideals of A. In particular, we show that the
dimensions of the formal fibers at the height one prime ideals of A are all the same and are smaller than expected.
Characterization of completions of noncatenary local domains and noncatenary local UFDs
C. Avery, C. Booms, T. Kostolansky ’18, S. Loepp, and A. Semendinger ’18
Journal of Algebra, 524, 1-18 (2019)
Let T be a complete local ring. We find necessary and sufficient conditions for T to be the completion of a noncatenery local domain, as well as necessary and sufficient condition for it to be the completion of a noncatenary local
unique factorization domain. We use our first result to demonstrate a large class of quasi-excellent domains that are
not excellent, as well as a large class of catenary domains that are not universally catenary. We use our second result
to find a larger class of noncatenary local UFDs than was previously known, and we show that there is no bound on
how noncatenary a UFD can be.
The Pi Mu Epsilon Centennial Problems
Steven Miller with Stephan Garcia
American Mathematical Society, 2019
Random matrix ensembles with split limiting behavior
Steven Miller with Paula Burkhardt, Peter Cohen, Jonathan Dewitt, Max Hlavacek, Carsten Sprunger, Yen Nhi
Truong Vu, Roger Van Peski and Kevin Yang and an appendix joint with Manuel Fernandez and Nicholas Sieger
Random Matrices: Theory and Applications 7, no. 3 2019
On summand minimality of generalized Zeckendorf decompositions
Steven Miller with Katherine Cordwell, Max Hlavacek, Chi Huynh, Carsten Peterson, and Yen Nhi Truong Vu
Research in Number Theory 4, no. 43, https://doi.org/10.1007/s40993-018-0137-7, 2018
Given a recurrence sequence $H$, with $H_n = c_1 H_{n-1} + \dots + c_t H_{n-t}$ where $c_i \in \mathbb{N}_0$
for all $i$ and $c_1, c_t \geq 1$, the generalized Zeckendorf decomposition (gzd) of $m \in \mathbb{N}_0$ is the
unique representation of $m$ using $H$ composed of blocks lexicographically less than $\sigma = (c_1, \dots,
c_t)$. We prove that the gzd of $m$ uses the fewest number of summands among all representations of $m$ using
$H$, for all $m$, if and only if $\sigma$ is weakly decreasing. We develop an algorithm for moving from any
representation of $m$ to the gzd, the analysis of which proves that $\sigma$ weakly decreasing implies summand
minimality. We prove that the gzds of numbers of the form $v_0 H_n + \dots + v_\ell H_{n-\ell}$ converge in a suitable sense as $n \to \infty$, furthermore we classify three distinct behaviors for this convergence. We use this result,
together with the irreducibility of certain families of polynomials, to exhibit a representation with fewer summands
than the gzd if $\sigma$ is not weakly decreasing.
When sets can and cannot have MSTD subsets
Steven Miller with Hung Chu, Nathan McNew, Victor Xu and Sean Zhang
J. of Integer Sequences 21, Article 18.8.2. https://cs.uwaterloo.ca/journals/JIS/VOL21/Miller/miller8.pdf, 2018
A finite set of integers $A$ is a More Sums Than Differences (MSTD) set if $|A+A| > |A-A|$. While almost all
subsets of $\{0, \dots, n\}$ are not MSTD, interestingly a small positive percentage are. We explore sufficient conditions on infinite sets of positive integers such that there are either no MSTD subsets, at most finitely many MSTD
subsets, or infinitely many MSTD subsets. In particular, we prove no subset of the Fibonacci numbers is an MSTD
set, establish conditions such that solutions to a recurrence relation have only finitely many MSTD subsets, and
show there are infinitely many MSTD subsets of the primes.
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Spectral statistics of non-Hermitian random matrix ensembles
Steven Miller with Ryan Chen ‘19, Yujin Kim, Jared Lichtman, Shannon Sweitzer, and Eric Winsor
Random Matrices: Theory and Applications 8, no. 1, 1950005, 40 pages, 2019
Recently Burkhardt et al. introduced the k-checkerboard random matrix ensembles, which have a split limiting behavior of the eigenvalues (in the limit all but k of the eigenvalues are on the order of √N and converge to semi-circular behavior, with the remaining k of size N and converging to hollow Gaussian ensembles). We generalize their
work to consider non-Hermitian ensembles with complex eigenvalues; instead of a blip new behavior is seen, ranging from multiple satellites to annular rings. These results are based on moment method techniques adapted to the
complex plane as well as analysis of singular values.
On algorithms to calculate integer complexity
Steven Miller with Katherine Cordwell, Alyssa Epstein’18, Anand Hemmady, Eyvindur A. Palsson, Aaditya Sharma ’18, Stefan Steinerberger, Yen Nhi Truong Vu
Integers 19, A12, 13 pages, 2019
We consider a problem first proposed by Mahler and Popken in 1953 and later developed by Coppersmith, Erdős,
Guy, Isbell, Selfridge, and others. Let f(n) be the complexity of n∈Z+, where f(n) is defined as the least number of
1’s needed to represent n in conjunction with an arbitrary number of +’s, *’s, and parentheses. Several algorithms
have been developed to calculate the complexity of all integers up to n. Currently, the fastest known algorithm runs
in time Ϭ(n1.230175) and was given by J. Arias de Reyna and J. van de Lune in 2014. This algorithm makes use of a
recursive definition given by Guy and iterates through products, f(d)+f(n/d), for d | n, and sums, f(a)+f(n−a), for a
up to some function of n. The rate-limiting factor is iterating through the sums. We discuss potential improvements
to this algorithm via a method that provides a strong uniform bound on the number of summands that must be calculated for almost all n. We also develop code to run J. Arias de Reyna and J. van de Lune’s analysis in higher bases
and thus reduce their runtime of Ϭ(n1.230175) to Ϭ(n1.222911236).
Limiting distributions in generalized Zeckendorf decompositions
Steven Miller with Alex Gueganic ‘19, Granger Carty, Yujin H. Kim, Alina Shubina ‘19, Shannon Sweitzer, Eric
Winsor and Jianing Yang
Fibonacci Quarterly 57, no. 2, 109—125, 2019
A geometric perspective on the MSTD question
Steven Miller with Carsten Peterson
Discrete and Computational Geometry, https://doi.org/10.1007/s00454-019-00109-7, 2019
Problem session notes from CANT conferences
Steven Miller
Distributed to interested parties and posted on the arXiv, 35 pages, currently 2009 through 2017, inclusive
The space of planar soap bubble clusters
Frank Morgan, Michele Emmer and Marco Abate, eds.
Imagine Math 6 – Mathematics and Culture, XXth Anniversary, Springer, 2018
We provide some basic results on the space of planar clusters of n bubbles of fixed topology. We show for example
that such a space of clusters with positive second variation is an n-dimensional manifold, although the larger space
without the positive second variation assumption can have singularities.
To bring math to the world, start with mathematicians
Frank Morgan, Michele Emmer and Marco Abate, eds.
Imagine Math 6 – Mathematics and Culture, XXth Anniversary, Springer, 2018
Write-up of talk at Imagine Maths 6, Mathematics and Culture XX, Venice, March, 2017.
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Optimal transportation with constant constraint
Wyatt Boyer ‘17, Bryan Brown, Alyssa Loving, and Sarah Tammen
Involve 12-1, 1-12, 2019
Morgan’s 2015 NSF SMALL undergraduate research Geometry Group considers optimal transportation with constraint, as did Korman and McCann, provide simplifications and generalizations of their examples and results, and
provide some new examples and results.
Double bubbles on the line with log-convex density
Eliot Bongiovanni, Alejandro Diaz, Leonardo Di Giosia, Jay Habib ‘18, Arjun Kakkar ‘18, Lea Kenigsberg,
Dustin Ping ‘18, Dylanger Pittman, Nat Sothanaphan, Weitao Zhu ‘18
Anal. Geom. Metr. Spaces 6, 64–88, 2018
Double bubbles on the line with log-convex density f with (log f) bounded
Nat Sothanaphan
Missouri J. Math 30, 166-175, 2018
Morgan’s 2016-17 NSF SMALL undergraduate research Geometry Groups characterize double bubbles on the line
with any log-convex density.
Isoperimetry in surfaces of revolution with density
Eliot Bongiovanni, Alejandro Diaz, Arjun Kakkar ‘18, Nat Sothanaphan
Missouri J. Math 30, 150-165, 2018
Morgan’s 2017 NSF SMALL undergraduate research Geometry Group provides new results on isoperimetric regions in surfaces of revolution with density.
pldist: Ecological dissimilarities for paired and longitudinal microbiome association analysis
A.M. Plantinga, J. Chen, R.R. Jenq, M.C. Wu
Bioinformatics, Volume 35, Issue 19, 1 October 2019, Pages 3567–3575
Motivation. The human microbiome is notoriously variable across individuals, with a wide range of ‘healthy’ microbiomes. Paired and longitudinal studies of the microbiome have become increasingly popular as a way to reduce
unmeasured confounding and to increase statistical power by reducing large inter-subject variability. Statistical
methods for analyzing such datasets are scarce.
Results. We introduce a paired UniFrac dissimilarity that summarizes within-individual (or within-pair) shifts in
microbiome composition and then compares these compositional shifts across individuals (or pairs). This dissimilarity depends on a novel transformation of relative abundances, which we then extend to more than two time
points and incorporate into several phylogenetic and non-phylogenetic dissimilarities. The data transformation and
resulting dissimilarities may be used in a wide variety of downstream analyses, including ordination analysis and
distance-based hypothesis testing. Simulations demonstrate that tests based on these dissimilarities retain appropriate type 1 error and high power. We apply the method in two real datasets.
A small-sample kernel association test for correlated data with application
To microbiome association studies
X. Zhan, L. Xue, H. Zheng, A. Plantinga, M.C. Wu, D.J. Schaid, N. Zhao, J. Chen
Genetic Epidemiology 42.8, 772-782 (2018)
Recent research has highlighted the importance of the human microbiome in many human disease and health conditions. Most current microbiome association analyses focus on unrelated samples; such methods are not appropriate
for analysis of data collected from more advanced study designs such as longitudinal and pedigree studies, where
outcomes can be correlated. Ignoring such correlations can sometimes lead to suboptimal results or even possibly
biased conclusions. Thus, new methods to handle correlated outcome data in microbiome association studies are
needed. In this paper, we propose the correlated sequence kernel association test (CSKAT) to address such correla-
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tions using the linear mixed model. Specifically, random effects are used to account for the outcome correlations and
a variance component test is used to examine the microbiome effect. Compared to existing genetic association tests
for longitudinal and family samples, we implement a correction procedure to better calibrate the null distribution
of the score test statistic to accommodate the small sample size nature of data collected from a typical microbiome
study. Comprehensive simulation studies are conducted to demonstrate the validity and efficiency of our method,
and we show that CSKAT achieves a higher power than existing methods while correctly controlling the Type I error
rate. We also apply our method to a microbiome data set collected from a UK twin study to illustrate its potential
usefulness.
Genetic history of the population of crete
P. Drineas, F. Tsetsos, A. Plantinga, I. Lazaridis, E. Yannaki, A. Razou, K. Kanaki, M. Michalodimitrakis, F.
Perez-Jiminez, G. De Silvestro, M.C. Renda, J.A. Stamatoyannopoulos, K. Kidd, B.L. Browning, P. Paschou, G.
Stamatoyannopoulos
Annals of Human Genetics 2019;83:373–388.
The medieval history of several populations often suffers from scarcity of contemporary records resulting in contradictory and sometimes biased interpretations by historians. This is the situation with the population of the island of
Crete, which remained relatively undisturbed until the Middle Ages when multiple wars, invasions, and occupations
by foreigners took place. Historians have considered the effects of the occupation of Crete by the Arabs (in the 9th
and 10th centuries C.E.) and the Venetians (in the 13th to the 17th centuries C.E.) to the local population. To obtain
insights on such effects from a genetic perspective, we studied representative samples from 17 Cretan districts using
the Illumina 1 million or 2.5 million arrays and compared the Cretans to the populations of origin of the medieval
conquerors and settlers. Highlights of our findings include (1) small genetic contributions from the Arab occupation to the extant Cretan population, (2) low genetic contribution of the Venetians to the extant Cretan population,
and (3) evidence of a genetic relationship among the Cretans and Central, Northern, and Eastern Europeans, which
could be explained by the settlement in the island of northern origin tribes during the medieval period. Our results
show how the interaction between genetics and the historical record can help shed light on the historical record.
Partially bounded transformations have trivial centralizer
Cesar E. Silva with Johann Gaebler, Alexander Kastner ‘18, Xiaoyu Xu, and Zirui Zhou
Proceedings American Mathematical Society 146, no. 12, 5113—5127, 2018
We prove that for infinite rank-one transformations satisfying a property called “partial boundedness,” the only
commuting transformations are powers of the original transformation. This shows that a large class of infinite measure-preserving rank-one transformations with bounded cuts have trivial centralizers. We also characterize when
partially bounded transformations are isomorphic to their inverse.
Weak mixing for infinite measure invertible transformations
Cesar E. Silva with Terrence M. Adams
Ergodic Theory and Dynamical Systems in Their Interactions with Arithmetics and Combinatorics, 327– 349,
Lecture Notes in Math., 2213, Springer, Cham, 2018
The weak mixing property for finite measure-preserving transformations has several equivalent characterizations.
In infinite measure, many of them turn out to be different. We survey different mixing-like conditions for infinite
measure-preserving transformations and discuss interconnectedness.
Invitation to real analysis
Cesar E. Silva
American Mathematical Society, Pure and Applied Undergraduate Texts, Volume 36, 2019
An introduction to real analysis. Used in courses such as Math 350 and Math 351 at Williams.
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A case study in spatial-temporal accessibility for a transit system
John C. Handley, Lina Fu, and Laura L. Tupper
Journal of Transport Geography, 75:25-36, January 2019
We show the impact on transit network connectivity of a major network redesign using a comprehensive connectivity measure. This measure captures the quality of service impact-the difference between the actual accessibility
and the designed accessibility as a function of space and time. The former is influenced by on-time performance and
ability to make transfers. The measure is unique in that it incorporates both spatial and temporal aspects of the transportation network, so that the effects of the network geometry, transportation services schedules, and operational
performance (in the form of service reliability / schedule adherence) are all appropriately reflected in this unified
measure. We employ a spatial statistical model to tie aggregate ridership to average connectivity across transportation analysis zones. The statistically significant relationship indicates that, at least in aggregate, connectivity and
demand are linked. Using spatio-temporal clustering, we show where, when, and how accessibility is impacted by
a significant network redesign.
IPM2: Toward better understanding and forecasting of population dynamics
Daniel Turek with Floriane Plard, Martin Gruebler and Michael Schuab
Ecological Monographs, 2019
Dynamic population models typically aim to predict demography and the resulting population dynamics in relation
to environmental variation. However, they rarely include the diversity of individual responses to environmental
changes, thus hampering our understanding of demographic mechanisms. We develop an integrated integral projection model (IPM2) that is a combination of an integrated population model and an integral projection model. IPM2
includes interactions between environmental and individual effects on demographic rates and can forecast both population size and individual trait distributions. First, we study the performance of this model using eight simulated
scenarios with variable reproductive selective pressures on an individual trait. When the individual trait interacts
with the environmental variable and the selective pressure on the individual trait is nonlinear, only IPM2 produces
adequate predictions, because the other does not link predictions between the population level and observed data
and because others do not include the individual trait. Second, we apply IPM2 to a population of barn swallows. The
model accurately predicts trends of the barn swallow population while also providing mechanistic insights. High
precipitation negatively influenced population dynamics through delaying laying dates, which lowered reproductive and survival rates. To predict the future of populations, we need to understand their individual drivers and thus
include individual responses to their environment while following the entire population. As a consequence, IPM2
will improve our ability to test ecological and evolutionary hypotheses and improve the accuracy of population
forecasting to aid management programs.
Bayesian vector transmission model detects conflicting interactions
From transgenic disease-resistant grapevines
Daniel Turek with Adam Zeilinger, Daniele Cornara, Anne Sicard, Steven Lindow and Rodrigo Almeida
Ecosphere 9(11), 2018
Effective management of vector-borne plant pathogens often relies on disease-resistant cultivars. While heterogeneity in host resistance and in pathogen population density at the host population level plays important and
well-recognized roles in epidemiology, the effects of resistance traits on pathogen distribution at the individual host
level, and the epidemiological consequences in turn, are poorly understood. Transgenic disease-resistant plants that
produce bacterial diffusible signaling factor (DSF) could provide resistance to the vector-borne bacterium Xylella
fastidiosa by impeding plant colonization and reducing virulence. However, the effects of constitutive in planta production of DSF on insect vector transmission have remained unresolved. We investigated the transmission biology
of X. fastidiosa in DSF and wild-type (WT) grapevines with the efficient vector Graphocephala atropunctata. We
also developed a novel Bayesian hierarchical model to improve statistical inference on the multiple components of
the vector transmission process. We found that insect vectors had a greater colonization efficiency on DSF plants
- meaning they acquired a greater population size of X. fastidiosa - than on WT plants. However, DSF plants also
maintained much lower X. fastidiosa populations. These apparently conflicting processes resulted in a lower but
highly variable probability of transmission from DSF plants compared to WT plants. Our Bayesian model improved
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statistical inference compared to widely used frequentist statistics in part by estimating and correcting for imperfect
detection of X. fastidiosa in plant and insect tissues. Overall, our results support current models on the roles that
DSF plays in vector transmission of X. fastidiosa. In line with our hypothesis, DSF production reduced mean X.
fastidiosa population density but increased heterogeneity within host plants. While DSF-producing plants could
potentially improve disease management, our results suggest that they could, under some conditions, facilitate X.
fastidiosa spread.
Simultaneous variable and factor selection via sparse group lasso in factory analysis
Yuanchu Dang ’17 and Qing Wang
Journal of Statistical Computation and Simultation, https://doi.org/10.1080/00949655.2019.1633324, (published
online June 23, 2019)
This paper considers variable and factor selection in factor analysis. We treat the factor loadings for each observable
variable as a group, and introduce a weighted sparse group lasso penalty to the complete log-likelihood. The proposal simultaneously selects observable variables and latent factors of a factor analysis model in a data-driven fashion;
it produces a more flexible and sparse factor loading structure than existing methods. For parameter estimation, we
derive an expectation-maximization algorithm that optimizes the penalized log-likelihood. The tuning parameters
of the procedure are selected by a likelihood cross-validation criterion that yields satisfactory results in various simulation settings. Simulation results reveal that the proposed method can better identify the possibly sparse structure
of the true factor loading matrix with higher estimation accuracy than existing methods. A real data example is also
presented to demonstrate its performance in practice.

Physics
Density of States of RNA
A.Liponska, F. Ousalem, D.P. Aalberts, J.F. Hunt and G. Boël
Microbial Biotechnology 12, 44 (2019)
Protein expression is a complex task; the whole process from transcription to translation involves hundreds of
components and many variables that are cross-correlated. Consequently, the optimization of the production can
be performed by influencing different stages and changing different parameters. For the purpose of this short review, wefocus mainly on optimization directly related to translation. We have divided this discussion into cis and
trans-optimization. Cis-optimization concentrates on nucleotide sequence improvement whereas trans-optimization
will focus on the use of the right, optimized bacterial strain.
Part-per-billion measurement of the 42S1/2 -> 32D5/2 electric quadrupole transition isotope shifts between
42,44,48
Ca+ and 40Ca+
Knollmann, Felix W. ’19, Patel, Ashay N. ’18, and Doret, S. Charles
Physical Review A, 100 (2). Art. No. 022514
We report a precise measurement of the isotope shifts in the42S1/2 -> 32D5/2 electric quadrupole transition at 729 nm
in 40-42,44,48Ca+. The measurement has been made via high-resolution laser spectroscopy of co-trapped ions, finding
measured shifts of 2,771,872,467.6(7.6), 5,340,887,394.6(7.8), and 9,990,381,870.0(6.3) Hz between 42,44,48Ca+ and
40Ca+, respectively. By exciting the two isotopes simultaneously using frequency sidebands derived from a single
laser systematic uncertainties resulting from laser frequency drifts are eliminated. This permits far greater precision
than similar previously published measurements in other alkaline-earth systems. The resulting measurement precision provides a benchmark for tests of theoretical isotope shift calculations, and also offers a step towards probing
new physics via isotope shift spectroscopy.
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Singular dynamics in the failure of soft adhesive contacts
J.D. Berman ‘21, M. Randeria, R.W. Style, Q. Xu, J.R. Nichols ‘21, Aidan J. Duncan ‘23, M. Loewenberg, E.R.
Dufresne, K.E. Jensen
Soft Matter 15,1327, 2019
We characterize the mechanical recovery of compliant silicone gels following adhesive contact failure. We establish
broad, stable adhesive contacts between rigid microspheres and soft gels, then stretch the gels to large deformations by pulling quasi-statically on the contact. Eventually, the adhesive contact begins to fail, and ultimately slides
to a final contact point on the bottom of the sphere. Immediately after detachment, the gel recoils quickly with a
self-similar surface profile that evolves as a power law in time, suggesting that the adhesive detachment point is
singular. The singular dynamics we observe are consistent with a relaxation process driven by surface stress and
slowed by viscous flow through the porous, elastic network of the gel. Our results emphasize the importance of
accounting for both the liquid and solid phases of gels in understanding their mechanics, especially under extreme
deformation.
Effects of strain-dependent surface stress on the adhesive contact of a rigid sphere to a compliant substrate
Z. Liu, K.E. Jensen, Q. Xu, R.W. Style, E.R. Dufresne, A. Jagota, and C.-Y. Hui
Soft Matter 15, 2223, 2019
Recent experiments have reported that the surface stress of soft elastic solids can increase rapidly with surface
strain. For example, when a small hard sphere in adhesive contact with a soft silicone gel is slowly retracted from
its rest position, it was found that the retraction force versus displacement relation cannot be explained either by the
Johnson–Kendall–Roberts (JKR) theory or a recent indentation theory based on an isotropic surface stress that is
independent of surface strain. In this paper, we address this problem using a finite element method to simulate the
retraction process. Our numerical model does not have the restrictions of the aforementioned theories; that is, it can
handle large nonlinear elastic deformation as well as a surface-strain-dependent surface stress. Our simulation is in
good agreement with experimental force versus displacement data with no fitting parameters. Therefore, our results
lend further support to the claim that significant strain-dependent surface stresses can occur in simple soft elastic
gels. However, significant challenges remain in the reconciliation of theory and experiments, particularly regarding
the geometry of the contact and substrate deformation.
Optimized phase sensing in a truncated SU(1,1) interferometer
Kevin Jones and others
Optics Express 26 (1), 391-401
Homodyne detection is often used for interferometers based on nonlinear optical gain media. For the configuration
of a seeded, “truncated SU(1,1)” interferometer Anderson, et al. [Phys. Rev. A 95, 063843 (2017)] showed how
to optimize the homodyne detection scheme and demonstrated theoretically that it can saturate the quantum Cramer-Rao bound for phase estimation. In this work we extend those results by taking into account loss in the truncated SU(1,1) interferometer and determining the optimized homodyne detection scheme for phase measurement.
Further, we build a truncated SU(1,1) interferometer and experimentally demonstrate that this optimized scheme
achieves a reduction in noise level, corresponding to an enhanced potential phase sensitivity, compared to a typical
homodyne detection scheme for a two-mode squeezed state. In doing so, we also demonstrate an improvement in
the degree to which we can beat the standard quantum limit with this device.
High-precision measurement of electric quadrupole amplitude
in lead using Faraday Rotation Spectroscopy
Daniel Maser, Eli Hoenig ’17, Bingyi Wang ’18, and Protik Majumder
Contributed talk at the APS Division of Atomic Molecular and Optical Physics meeting, Milwaukee, WI,
May 27 – 31, (2019)
We have completed a measurement of the (6s26p2 ) 3P0 −3P2 939 nm electric quadrupole (E2) transition amplitude
in atomic lead. Using a Faraday rotation spectroscopy technique and a sensitive polarimeter, we have measured
this very weak E2 transition for the first time, and can compare its amplitude to the predictions of recent ab initio
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atomic theory work in lead1, an element in which highly precise atomic parity nonconservation experiments were
completed some years ago2. We heat a sealed lead quartz vapor cell to between 775 and 950C, apply a ~10 G longitudinal magnetic field, and use polarization modulation/lock-in detection to measure optical rotation amplitudes
of order 1 milliradian with noise near 1 microradian. We compare the Faraday rotation lineshape of the E2 transition to that from the 3P0 −3P1 1279 nm magnetic dipole (M1) transition under identical sample conditions. The M1
transition amplitude is precisely calculable without detailed wavefunction knowledge, and thus provides an ideal
normalization tool from which to extract the E2 amplitude. Preliminary data analysis indicates precision at the 1%
level. Latest results will be presented.
Precise measurements of transition amplitudes, polarizabilities, andisotope shifts in lead, thallium, and tin
using faraday rotation spectroscopy
Daniel L. Maser, Gabriel Patenotte ’21, Sameer Khanbhai ’21, Protik K. Majumder
Contributed talk at the APS Division of Atomic Molecular and Optical Physics meeting, Milwaukee, WI,
May 27 – 31, (2019)
We have undertaken a series of atomic structure, optical polarimetry measurements in group III and IV elements
to test on-going atomic theory and aid in tests of fundamental physics. A highprecision polarimeter consisting of
crossed calcite polarizers and a modulation/lockin detection scheme yields optical rotation resolution at the 1 µRadian/√ Hz level. By applying small longitudinal magnetic fields to atomic samples in both heated vapor cells and
an atomic beam, we obtain well-resolved Faraday rotation lineshapes even for forbidden transitions and atomic
samples with very low population density. Using this technique we have detected for the first time the ground-state
(6s26p2) 3P0 −3P2 939 nm electric quadrupole (E2) transition in lead, and are completing a precise measurement of its
amplitude that can be compared to recent ab initio atomic theory in lead. We plan to study E1 transitions originating
from thermally-excited atomic samples and measure hyperfine structure and isotope shifts in both the lead and tin
atomic systems. Using our atomic beam apparatus and the Faraday polarimetry technique, we will also measure
excited-state polarizabilities and transition amplitudes in these atomic systems.
A classical interpretation of the Scrooge distribution
William K. Wootters
Entropy 20, 619 (2018)
The Scrooge distribution is a probability distribution over the set of pure states of a quantum system. Specifically,
it is the distribution that, upon measurement, gives up the least information about the identity of the pure state,
compared with all other distributions having the same density matrix. The Scrooge distribution has normally been
regarded as a purely quantum mechanical concept, with no natural classical interpretation. In this paper we offer
a classical interpretation of the Scrooge distribution viewed as a probability distribution over the probability simplex. We begin by considering a real-amplitude version of the Scrooge distribution, for which we find that there is
a non-trivial but natural classical interpretation. The transition to the complex-amplitude case requires a step that is
not particularly natural but that may shed light on the relation between quantum mechanics and classical probability
theory.
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Psychology
Ad-libitum high fat diet consumption during adolescence and adulthood impacts the intravenous self-administration of cocaine in male sprague-dawley rats
M. Clasen, T. Sanon, B. Hempel, K. Nelson, D. Kearns, T. Davidson, and A. Riley
Experimental and Clinical Psychopharmacology, doi: 10.1037/pha0000280 [Epub ahead of print]
In preclinical populations, binge consumption of a high-fat diet (HFD) initiated during either adolescence or adulthood increases the intravenous self-administration (IVSA) of cocaine, whereas ad lib HFD consumption initiated
during adulthood reduces or fails to influence cocaine intake. From this, it appears that binge exposure is a sufficient condition to increase cocaine IVSA and that such effects occur independent of the exposure period. It is not
clear, however, if ad lib exposure would be sufficient to affect the IVSA of cocaine if initiated during adolescence,
a developmental period associated with high-risk behavior. To investigate this question, the present experiment
evaluated the effects of consumption of a HFD given throughout adolescence and adulthood on cocaine IVSA (0.75
mg/kg/infusion). Specifically, male Sprague-Dawley rats were maintained on either a HFD (n = 24) or chow diet (n
= 15) beginning on postnatal day (PND) 21 and as adults underwent cocaine IVSA [Fixed Ratio (FR) 1, FR 5, FR
10, FR 20, Progressive Ratio (PR) and cue- and drug + cue-induced responding] from PNDs 77-126. Under all of
these conditions, animals maintained on the HFD displayed higher rates of cocaine IVSA than those given access to
chow. The present data demonstrate that under these specific conditions long-term exposure during the risk period
of adolescence and extended throughout adulthood is capable of impacting the subsequent likelihood of cocaine
self-administration and suggest that diet type and the duration of exposure may be important factors influencing the
vulnerability to drug intake.
Stereoselective effects of the second-generation synthetic cathinone α-pyrrolidinopentiophenone (α-pvp):
assessments of conditioned taste avoidance in rats
Katharine Nelson, Raul López-Arnau, Briana Hempel, Peter To, Hayley Manke, Madeline Crissman, Matthew
Clasen, Kenner Rice, & Anthony Riley
Psychopharmacology, 235 (3), 1067-1077.
Rationale: Work with α-pyrrolidinopentiophenone (α-PVP), a second-generation synthetic cathinone, has been
generally limited to the racemate. Given that with other synthetic cathinones, there are behavioral and neurochemical differences between their enantiomers, differences may also be seen with α-PVP.
Objectives: The present study assessed the relative contribution of each enantiomer to the aversive effects of racemic-α-PVP by comparing their ability to induce a conditioned taste avoidance.
Methods: Adult male Sprague-Dawley rats were exposed every other day for four exposures to a novel saccharin
solution followed immediately by an injection of 0 (saline vehicle) or 1.5, 3, or 6 mg/kg of S-, R-, or racemic-α-PVP
(IP). On alternating days, all subjects were given access to water to assess any unconditioned effects of α-PVP on
general fluid consumption.
Results: Rats injected with the racemate and S-isomer of α-PVP displayed avoidance of the drug-associated saccharin solution, although this avoidance was dose-dependent only for the subjects injected with the racemate. There
was no evidence of taste avoidance in animals injected with the R-enantiomer at any dose tested. Animals injected
with 3 mg/kg racemic-α-PVP did not differ in avoidance from those treated with 1.5 mg/kg of the S-enantiomer, but
subjects treated with 6 mg/kg racemic-α-PVP displayed a significantly stronger avoidance than those treated with
3 mg/kg S-α-PVP.
Conclusions: The present work suggests that the aversive effects of racemic α-PVP are mediated primarily by its
S-isomer. The fact that at the highest dose tested (6 mg/kg), the racemate induces an avoidance greater than the
simple additive effects of the S- and R-isomers (at 3 mg/kg) suggests that while the R-isomer may not induce taste
avoidance at this dose, it may interact synergistically with the S-isomer in mediating the effects of the racemic
mixture. These results were discussed in terms of similar effects with other behavioral and physiological endpoints
reported with a number of psychostimulants and suggest that the enantiomers of α-PVP are an important variable in
characterizing its behavioral effects.
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Believability of evidence matters for correcting social impressions
J. Cone, K. Flaharty ‘18, & M.J. Ferguson
Proceedings of the National Academy of Sciences of the United States of America, 116(20), 9802-9807, 2019.
To what extent are we beholden to the information we encounter about others? Are there aspects of cognition that
are unduly influenced by gossip or outright disinformation, even when we deem it unlikely to be true? Research
has shown that implicit impressions of others are often insensitive to the truth value of the evidence. We examined
whether the believability of new, contradictory information about others influenced whether people corrected their
implicit and explicit impressions. Contrary to previous work, we found that across seven studies, the perceived believability of new evidence predicted whether people corrected their implicit impressions. Subjective assessments
of truth value also uniquely predicted correction beyond other properties of information such as diagnosticity/extremity. This evidence shows that the degree to which someone thinks new information is true influences whether
it impacts implicit impressions.
Updating implicit impressions: new evidence on intentionality and the affect misattribution procedure
T. Mann, J. Cone, B. Heggeseth, & M.J. Ferguson
Journal of Personality and Social Psychology, 116(3), 349-374, 2019.
Recent work has shown that implicit first impressions of other people can be rapidly updated when new information
about them is highly diagnostic or provides a reinterpretation of the basis of prior belief. The Affect Misattribution Procedure (AMP; Payne, Cheng, Govorun, & Stewart, 2005) is one prominent implicit measure that has been
widely used in this and other work. However, the status of the AMP as a measure of unintentional responding has
been a matter of debate, which necessarily also raises questions about the “implicitness” of the updated responses
within recent person impression research. In re-analyses of published work, we identify multimodal distributions
of AMP responses that raise concerns about potential intentional influences on this task. Drawing on 8 new studies,
however, we find that such patterns are not likely attributable to intentional responding (Studies 1, 2A–2B), and
that methodological modifications to the AMP procedure eliminate bimodality but do not eliminate effects of rapid
revision (Studies 3A–6). Furthermore, these modifications provide evidence that the rapid-revision effects reported
in earlier work can be produced under suboptimal conditions such as distraction and increased vigilance against
prime influence. We advocate for the continued use of judgmental misattribution as a valuable tool in the arsenal
of implicit social cognition researchers, but also encourage researchers to continue to examine the distributional
patterns of measures like the AMP, and what those patterns might reflect.
The impact of valenced verbal information on implicit and explicit evaluation: the role of information diagnosticity, primacy, and memory cueing
P. Van Dessel, J. Cone, A. Gast, & J. De Houwer
Cognition and Emotion, https://doi.org/10.1080/02699931.2019.1594703, Mar 19, 2019
Previous research has shown that the presentation of valenced information about a target stimulus sometimes has
different effects on implicit and explicit stimulus evaluations. Importantly, however, research examining the moderators of implicit-explicit dissociations has often failed to account for differences in the properties of the instruments
used to measure implicit and explicit evaluations, preventing a clear interpretation of the results. In an effort to
overcome these limitations, we conducted a study that probed the impact of valenced information on implicit and
explicit evaluations as measured with procedures that were matched on methodological factors. Participants first
read positive and negative information about a person named Bob and then completed measures of implicit and
explicit evaluations of Bob. We examined the moderating effect of three characteristics: information diagnosticity,
primacy, and whether information retrieval was cued during evaluation. Results of two high-powered experiments
showed an effect of diagnosticity on implicit and explicit evaluations, replicating previous work, and extending it
to new evaluation measures. We observed primacy effects on explicit evaluations in Experiment 1 and on implicit
evaluations in Experiment 2. However, we did not observe memory cueing effects or any interactions. We discuss
practical implications as well as implications for cognitive evaluation theories.
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The development of defense mechanisms during the latency period
Phebe Cramer
Journal of Nervous and Mental Disease, 206, 286 – 289, 2018
The developmental period of latency, during middle childhood, has not been previously studied for possible change
in the use of defense mechanisms. Using a validated narrative method to assess defenses, the present research examines change in children’s defense use during this period. As predicted from theory, there was a significant increase
in the use of the defense of Identification. This finding is consistent with theory that posits a shift at this time from
defense against anxiety that is based on lack of impulse control to defense that is based on anxiety due to violation
of conscience.
Narcissism and attachment: the importance of early parenting
Phebe Cramer
Journal of Nervous and Mental Disease, 207,69 – 75, 2019
Research often shows that narcissism and attachment style are related. The present research examines the question
of whether early parenting style contributes to adult attachment style, beyond the relation between narcissism and
attachment. Parents reported on their parenting style at age 3, and offspring were assessed for attachment style
and narcissism at age 23. The results indicated that early parenting style was not directly related to narcissism, but
along with narcissism added to the prediction of attachment style. In combination with vulnerable narcissism, authoritarian parenting was positively related to secure attachment, and negatively related to preoccupied attachment,
whereas permissive and responsive parenting were negatively related to secure attachment and positively related to
preoccupied attachment.
Psychological identification with parents: implications for late adolescent psychological adjustment
Phebe Cramer
Journal of Projective Psychology and Mental Health, 25, 128 – 137, 2018.
Late adolescence is a time during which change often occurs in the relationship between adolescent and parent. In
particular, the identification of the adolescent with the parent – the taking on of values, opinions, and mores of the
parents -- may change, and these modifications may have important consequences for psychological development.
To study this, the parent identification of 160 late adolescents (age 17-20 years) was determined by comparing the
adolescents’ description of their parent’s characteristics with those that described their own ideal self. Similarity in
these two descriptions was taken as a measure of parental identification. For males only, strong identification with
father was found to be related to more potent use of the defense mechanism of identification and lesser degrees of
anxiety. In addition, for both males and females, weak identification with the opposite-sex parent was related to
stronger anxiety
Alliances in couple and family therapy
M.L. Friedlander, J.M. Welmers-van de Poll, V. Escudero, & L. Heatherington
Psychotherapy, Special Issue: Evidence-Based Psychotherapy Relationships III, 55, 356-371, 2018.
This article reviews meta-analytic evidence for the alliance–outcome relation in couple and family therapy (CFT),
with implications for clinical practice. We begin by describing the unique features of CFT alliances and their measurement, followed by two case descriptions. We explain that due to the systemic context of CFT, each patient’s
personal alliance with the therapist affects and is affected by other family members’ levels of collaboration. Because
family members often seek help when they are in conflict with one another, “split” alliances are common, as are
problematic within-system alliances, defined as the degree to which family members agree on the nature of their
problems and value participating in therapy together to achieve shared goals. In our meta-analysis of 48 studies with
40 independent samples, we used a three-level random effects model (Ns = 2,568 families, 1,545 couples, and 491
effect sizes) and found r = .297. In another analysis with seven independent samples and 31 effect sizes, the split

170

alliance–outcome association was also significant, r = .316, indicating that the more split or unbalanced the alliance,
the poorer the outcome. Moderator analyses showed that alliance–outcome associations did not differ for couple
versus family therapy, but correlations were significantly stronger in samples with younger problem children, older
adults, proportionally more male youth and adults, and when the families voluntarily sought help (as compared
with involuntary or mandated families). The article concludes with research-informed strategies for building and
sustaining strong systemic alliances in CFT.
Female sport participation effect on long-term health-related quality of life
A. Stracciolini, L. Amar-Dolan, D.R. Howell, T. Alex, P. Berkner, N.J. Sandstrom, et al.
Clinical Journal of Sport Medicine, doi: 10.1097/JSM. 0000000000000645, 2018.
Background: Female participation in sport has grown substantially over the last 4 decades.
Objectives: We investigated the association between sports participation and (1) later-life health outcomes and (2)
later-life quality-of-life (QoL) measures among female college alumni.
Methods: We conducted a cross-sectional study of female alumni between the ages of 40 and 70 years. Participants
completed a questionnaire that included QoL measures assessing general health, negative consequences of alcohol
use, mental health, and other self-reported health outcomes. We divided alumni into athletes and nonathletes. Between-group comparisons of health outcomes were adjusted for age; QoL measures were adjusted for age, exercise
habits, cigarette smoking, alcohol use, and comorbidities.
Results: Questionnaires were sent to 47 836 alumni, 3702 (8%) responded. Forty-four percent of female respondents participated in collegiate sports. After adjusting for age, female respondents who participated in collegiate
sports were more likely to exercise >3×/week (61.8% vs 50.2%; P ≤ 0.001), view themselves in good/great health
(91% vs 85%; P < 0.001), and less likely to have ever smoked (13.6% vs 25.3%; P ≤ 0.001) or used recreational
drugs (7.5% vs 9.5%; P = 0.018). A smaller proportion of female athletes reported hypertension (5.5% vs 13.5%;
P ≤ 0.001), high cholesterol (9.9% vs 17.0%; P < 0.001), and obesity (3.1% vs 6.8%; P = 0.001) compared with
nonathletes. Participation in sports was, however, associated with decreased mobility (R = 0.1826; P = 0.002) and
increased anxiety (R = 0.039; P = 0.016) QoL scores.
Conclusions: Sports participation for female collegiate athletes was associated with mostly positive health outcomes, but also with lower mobility and increased anxiety QoL scores.
Serotonergic multilocus genetic variation moderates the association between major interpersonal stress and
adolescent depression: replication and candidate environment specification
L.R. Starr, S. Vrshek-Schallhorn, & C.B. Stroud
Journal of Psychiatric Research, Volume 117, October 2019, 55-61
Serotonin-linked genetic risk and stressful life event (SLE) interaction research has been criticized for using single genetic variants with inconsistent replicability. A recent study showed that a multilocus genetic profile score
(MGPS) capturing additive risk from five serotonin-linked polymorphisms moderated the association between major interpersonal SLEs and depression, but no subsequent replication attempts have been reported. Moreover, major
interpersonal SLEs have been suggested as “candidate environments” for this MGPS, but it has never been demonstrated that gene-environment interactions (G × Es) for major interpersonal SLEs are significantly stronger than
for other contexts. Adolescents (N = 241) completed contextual-threat life stress interviews and clinical interviews
assessing depressive symptoms, and provided DNA. MGPS intensified the major interpersonal stress-depression
association; the interaction accounted for 4% of depressive symptom variance. Genetic moderation was statistically
unique to major interpersonal stress versus other environments. Extending previous findings, results support an
MGPS approach and underscore the cruciality of the G × E candidate environment.
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The cortisol awakening response (car) interacts with acute interpersonal stress to prospectively predict
depressive symptom among early adolescent girls
C.B. Stroud, S. Vrshek-Schallhorn, E.M. Norkett ‘14, & L.D. Doane
Psychoneuroendocrinology, Volume 107, September 2019, 9-18
The cortisol awakening response (CAR) has been shown to prospectively predict depression, but it remains unresolved whether a greater CAR predicts risk independently of subsequent acute stress, or whether greater CAR indicates increased vulnerability to subsequent acute stress. Further, no prior work has evaluated whether the CAR increases vulnerability to certain types of acute stress, but not others, in predicting depression. To address these gaps,
we investigated whether the CAR predicted depressive symptoms alone and in interaction with acute interpersonal
stress in a one-year longitudinal study of 86 early adolescent girls with no history of diagnosable depression. To
index the CAR, adolescents collected saliva at waking and 30-minutes past waking for 3 days; compliance with the
sampling protocol was electronically monitored. Diagnostic and objective contextual stress interviews were used
to quantify acute stress in the 2-months prior to worst depressive symptom onset during the follow-up. Supporting
hypotheses, results indicated that greater CAR predicted greater depressive symptoms, and interacted with acute
interpersonal stress in predicting depressive symptoms. Further, the CAR interacted with acute dependent (i.e., at
least partially arising from the person’s behavior) interpersonal stress in predicting depressive symptoms. In contrast, the CAR did not interact with acute non-interpersonal stress nor acute interpersonal independent (i.e., fateful)
stress in predicting depressive symptoms. These results further refine circumstances in which the CAR is predictive
of depressive symptoms among early adolescent girls, and highlight the importance of focusing on etiologically
relevant stress when testing interactions between physiological stress indicators and environmental stress.
Cortisol awakening response and additive serotonergic genetic risk interactively predict depression in two
samples: the 2019 Donald F. Klein early career investigator award paper
S. Vrshek-Schallhorn, C.B. Stroud, L.D. Doane, S. Mineka, R. Zinbarg, M.G. Craske, & E.K. Adam
Depression & Anxiety, 36, 480-489, 2019.
Background: The serotonin system and hypothalamic pituitary‐adrenal (HPA)‐axis are each implicated in the pathway to depression; human and animal research support these systems’ cross‐talk. Our work implicates a 5‐variant
additive serotoninergic multilocus genetic profile score (MGPS) and separately the cortisol awakening response
(CAR) in the prospective prediction of depression; other work has shown that the serotonin transporter polymorphism 5HTTLPR predicts CAR and interacts with the CAR to predict depression.
Methods: We tested the hypothesis that a 6‐variant MGPS (original plus 5HTTLPR) would interact with CAR to
predict prospective depressive episode onsets in 201 emerging adults using four annual follow‐up interviews. We
also tested whether MGPS predicted CAR. We attempted replication of significant findings in a sample of 77 early
adolescents predicting depression symptoms.
Results: In sample 1, MGPS did not significantly predict CAR. MGPS interacted with CAR to predict depressive
episodes; CAR slopes for depression steepened as MGPS increased, for risk or protection. No single variant accounted for results, though CAR’s interactions with 5HTTLPR and the original MGPS were both significant. In
sample 2, the 6‐variant MGPS significantly interacted with CAR to predict depression symptoms.
Conclusions: Higher serotonergic MGPS appears to sensitize individuals to CAR level—for better and worse—in
predicting depression.
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