Program Director Report for the
Mathematics Institute 2019

Our group photo taken outside the Davis Center after our Amazing Race activity. The weather cooperated (as it
always seems to do!) giving us a beautiful Vermont summer night for what is always a camper favorite event
which includes an Ice Cream Social!

1.

Hoped-for student outcomes
We hoped simply to continue with past success: The
institute has been in existence for over 20 years and
we are extremely pleased with the format that we
have established through the years. Utilizing a
similar format with evolving content keeps the
institute fresh, especially for returning attendees.

Replace

While most GIV institutes are open, “no cut”
enrollment, the Math institute is unique in that we
select the top applicants based on math experience
and performance in statewide math contests and
competitions. We limit our institute to the top 16
female and 16 male applicants (though this year 9
female and 22 male attendees)…and truly get some
of Vermont’s best and brightest young mathematical
minds!
The goals of the Governor’s Institute in Mathematics
are:





providing enriching activities in mathematics for high-performing Vermont high school students;
fostering enthusiasm for mathematics and careers in mathematics-related fields
providing a setting where like-minded peers can interact and enjoy each other’s ideas and
encouragement.
Have FUN!

We feel that we succeeded in achieving these goals again this year….especially the last one!!
2.

List of class offerings to students
Please see Appendix A.
3.

How students were organized for learning

All students worked together in the same classroom or area for nearly all
activities. The institute is relatively small, capped at 32, and this approach
is both feasible and ideal for the material presented. Inevitably, groups
formed throughout the week as students shuffled around with like-minded
and like-talented peers. This allows for groups to work toward a common
goal and also allows groups to differ in the level of knowledge, extension
and synthesis of ideas in various topics. All sessions are not “one-size-fits
all”.
During most of our class room activities, students are “shuffled around”
into different groups to help spread around the knowledge and work with
new people. One example was the Math Amazing Race – an evening
‘scavenger hunt’ event, in which groups of 4-5 students are randomly

assigned (2-3 boys and girls per group).
Groups engage in a friendly competition with
other groups to accomplish math related
activities all over UVM’s campus. Similarly,
our math relays on the last day involved pairs
and groups of 8-9 students in a friendly and
cooperative math competition.

4.

Sample student daily schedule
Please see Appendix B.

5.

Student institute evaluation summary:
As always our students were extremely enthusiastic about the Institute. In general they loved the classes,
the opportunity to spend the week at UVM and the chance to meet other like-minded high school
students. Here are all the quotes from this year’s questionnaire in response to the question “Describe the
overall value of the Institute: That is, did you learn a lot - Enjoy yourself - What do you see as
lasting benefits of having participated”:
I learned a lot. I see the interests that I developed here lasting far into the future for me. I enjoyed
myself.
I learned about different math topics and had a lot of fun. I made a lot of friends that I can
connect with about our shared passion for math.
I learned a lot and I had a blast. I think that I will have several lasting benefits most of them are
in the form of knowledge but, I was also able to make new friends.
I learned a lot during the Institute and I had fun
doing so. The presentations are very beneficial, as
they are exposing us to math concepts that are not
taught in school.
GIV has a very high value by giving you a college
experience in a subject that interests you. its
enjoyable and informational
There were many values to the Institute. The lectures
were educational and allowed for lots of learning to
take place. There was also a good balance between
class time and down time, and the Institute was
great for meeting new people. I see that learning
new things and being exposed to new challenges was
a lasting benefit of participating.
I learned that I have room to improve and if I carry my passion I have the potential to get as
much out of math as these top mathematician campers.

I both learned a lot and enjoyed myself over and over again. In terms of lasting benefits, I have
made a few new friends and I have gained a broadened perspective of just how much math
influences our world today.

Below are a few student comments in response to the
question “How well did the Institute meet your
expectations?”
I loved the classes. I expected academic rigor and
applicable maths and my expectations were not only met
but exceeded.
I expected a welcoming community of math-obsessed
people, and a fun selection of courses introducing new
ideas. My expectations were met exactly.
I expected more complicated math that I wouldn't
understand but i was pleasantly surprised by
complicated math that was well explained.
My expectations were high, as this program costs a lot of money. They were well met, with a few
things that pulled the program from an eight to a seven star. One of which was the quantum
mechanics lecture.
I expected the entire institute to be a week long grind solely focused on high academics and hard
work, but I'm glad my expectations didn't meet reality. When you apply for GIV you go in with a
very anxious and competitive mindset which you need to drop in order to get the most out of the
institute. You still do focus on academics and have a bit of work thrown in, but I think the perfect
balance was struck between learning challenges and socialization.
I expected a welcoming community of math-obsessed
people, and a fun selection of courses introducing new
ideas. My expectations were met exactly.

Below are a few student comments in response to the questions
“Overall, what was your favorite thing you did at the Institute?”
As you can see there was something for everyone!

The Chaos and Complexity class!
Hanging out meeting new people who are from different schools who
are also into math.
I think my favorite part is being able to have conversations with
people who share my interests. It is very nice to interact with people
who also enjoy learning.
Math amazing race!
I liked working on the problem set, learning new math, and meeting new people.
I loved playing games with the other campers
My favorite lecture was definitely the 3 day chaos and complexity one. And outside of the lecture
hall I really enjoyed all of the fun games we played together in our free time.
Playing card games with groups of people
I really enjoyed the lecture on quantum computing.
I really liked the knot theory and the chaos and fractals presentations.
My favorite thing that I did at the Institute was solving problems from the packet and then
presenting them in front of the rest of the students.
My favorite thing was be exposed to gifted
and interesting people and bonding with
them over the love of math and yard games.
I enjoyed the lectures consistently.
I was super intrigued by the knot theory
class and really enjoyed the amazing race.
My favorite thing was the Math Amazing
Race, in which several teams each tackled 8
math related problems while exploring
UVM's Campus.

------------------

6.

Statistics - Staff numbers, student to staff ratio
Not to brag…but our institute has the BEST
staff! Everyone involved is an alumni of the
program. Several counselors took time off from
their college internships to be here at the
institute. They are truly dedicated to the
program and find the content and atmosphere an
enriching experience.
There were 4 counselors and 2 junior
counselors. All 6 counselors, and one codirector, stayed in the residence halls with the
students and monitored late-evening and
Our amazing staff at the end of institute
nighttime activity. In addition, the counselors
debriefing. As always we wrapped up with a few
attended all the classes and activities with the
shed tears and MANY hugs!
students. This allowed for counselors to create
and run their own activities. The two coDirectors attended almost all of the classes and activities.
As mentioned earlier, this summer we had 9 girls and 22 boys…we typically have 16 of each. This
year’s female applicants, though limited in numbers, were very strong and make their voices heard in
every activity and presentation. We filled the untaken female reserved spots and back-filled with the
LONG male waiting list. One person dropped out last minute due to a family emergency…we were
unable to fill that spot.
Including directors and counselors, there was a 4 to 1 student-to-staff ratio.

7.

Noteworthy occurrences
We had a great balance of male and female presenters as well as a good mix of PhD candidates, and
tenured and non-tenured college instructors. While the variety of topics always seems to offer something
for everyone, several of the presenters teamed up to add continuity between their presentations.
We adjusted the daily schedule to minimize down time between classes and meals so we could add that
time to afternoon free time (taking cues from previous year’s
surveys). Our institute is very mentally and intellectually
rigorous and the free time allows students to relax, recharge
and enjoy “camp-life”.
Always looking to get the GIV word out…Our staff “took
over” the GIV Instagram account for several hours to live
report on our Amazing Race activity. Check it out!
The weather was perfect (again!!) during our institute and the
students appreciated the ample time outside. We created some
time for campers to spend working on and discussing problems
sets.
A camper organized 2-person team ping-pong tournament was
a great addition to the nightly activities as was a puzzlemaking area for some quieter social time.

8.

Vision for Future years
We need more interest from female students! Some of
our happiest and most outgoing campers are our female
attendees. We hope to capitalize on this during our
recruiting next year. Our past attendees are our best
ambassadors!
With the ongoing success of our Institute, we will
continue using the same basic formula that we have been
using (daytime classes and evening activities) while
always seeking new presenters and entertaining and
educational activities. We have been very happy with the
Institute, and the students seem to be, as well. The week
wasn’t over before students were asking to return as
counselors the following year. In our exit survey, half of
the students said they would love the chance to return and
give back to the Institute.

Program of Classes -

Appendix A:
2019 Governor's Institute in Mathematical Sciences

Logic Puzzles
These aren’t just your average Sudoku puzzles. This class will begin with an introduction to some basic logic puzzles and progress to
truly mind-boggling problems. You will be challenged throughout this puzzlefest! This class is taught by Joan Rosebush of the UVM
Department of Mathematics.

Evolutionary Robotics
Our ancestors, over thousands of years, gradually evolved wolves into dogs, and teosinte into corn. Can we do the same with 21st
century tech? Can we gradually evolve 'wild' robots into ones that do useful work for us? In this lecture we will collectively try to do
so by evolving simulated robots in virtual environments. This class is taught by Josh Bongard of the UVM Computer Science
Department.

The Mystery of the Colliding Blocks
The relationship between mathematics and physics has been a subject of study of philosophers, mathematicians and physicists since
Antiquity. Mathematics has been described as "an essential tool for physics" and physics has been described as "a rich source of
inspiration and insight in mathematics". We will solve a simple physics problem with a surprising answer. This class is taught by Dan
Velleman of the Amherst College Mathematics Department.

Iterative Maps
Iterative maps are functions that are applied repeatedly. A computer algebra system (CAS) is mathematical software that can
manipulate mathematical expressions symbolically, much the way a mathematician would do by hand. (Some calculators are
computer algebra systems.) In this session, we explore behaviors of iterative maps visually using the CAS Sage. Graphs include
cobweb plots and bifurcation diagrams. Dynamics include constant behavior, oscillation, decay, growth, bifurcation, and transitions to
chaos. This class will be taught by Laura K. Gross of the Bridgewater State University Mathematics and Computer Science
Department.

Chaos, Fractals and the Mathematics of Prediction
"Chaotic" is a term used to describe mathematical behavior that appears random, but may in fact be produced by a very simple
equation. The "butterfly effect," whereby a butterfly flaps its wings in Brazil and causes a tornado in Texas months later, is a
metaphor for the implications of chaos in the Earth's atmosphere. This class will introduce students to modeling chaotic physical
phenomena using bifurcation diagrams and fractals, drawing upon examples from the fields of astronomy, biology, physics, and
atmospheric science. This three-day class will be taught by Chris Danforth of the UVM Complex Systems Center.

Geometry with Complex Numbers
In plane geometry, complex numbers can be used to represent points and thus line segments connecting points, i.e., vectors. Two
different ways in which complex numbers can be defined makes them a convenient tool to describe both Cartesian coordinates of
points and the lengths and relative orientation of vectors, as in polar coordinates. In the first lecture, these ideas will be developed to
prove a classical result about equilateral triangles. In the second lecture, equilateral triangles will be explored further using complex
numbers. This two-day class will be taught by Taras Lakoba of the UVM Department of Mathematics & Statistics.

Network Optimization
We will study some strategies for improving efficiency of networks (such as roads) between nodes. Techniques will include
geometrical, analytical, and computational methods, as well as bubbles. This two-day class will be taught by Greg Petrics of the
Johnson State College Mathematics Department.

Knot Theory
A “mathematical” knot is just slightly different from the knots we see and use every day. First, take a piece of string or rope. Tie a
knot in it. Now, glue or tape the ends together. You have created a mathematical knot!
The central problem of Knot Theory is determining whether two knots can be rearranged (without cutting) to be exactly alike. We can
approach this problem in many ways: by trying to untangle and rearrange knots to look like one another, by using a set of moves
called the Reidemeister moves, and by using the concept of an "invariant". We will explore these strategies, discovering some
invariants along the way. If time permits, we will discuss some applications of knot theory to the study of DNA. This class is taught by
Samantha Allen of the Dartmouth College Mathematics Department.

Gerrymandering and Counting district plans
Modern approaches to quantifying gerrymandering involve the generation of thousands or millions of random district plans by
computer. But how many district plans are there to choose from in the first place? For example, from the 9000 voting precincts in
Pennsylvania, how can we glue them together into 18 congressional districts? We'll explore exact answers to related problems and
what we can find as a partial answer for this --- very hard --- problem. This course is taught by Greg Warrington of the UVM
Department of Mathematics.

Impartial Games
Explore the world of combinatorial game theory by playing and analyzing a few games. Specifically, we'll take a look at impartial
games, which are a class of two-player games in which both players can make the same kinds of moves. Examples include Chomp,
Notakto, Kayles, and even Jenga (kind of). After familiarizing ourselves with the rules and basic strategies, we'll tackle the SpragueGrundy theorem, which says that every impartial game is actually a special case of a game called Nim.
This two-day class is taught by Zachary Winkeler of the Dartmouth College Mathematics Department.

The Change-making Problem
Let’s make change! With coins, that is. If you are given quarters, dimes, nickels, and pennies how can you make change for a specified
amount using the fewest number of coins? Now, does that same strategy work if all your dimes were replaced with 12-cent coins?
Let’s investigate this and other related change-making problems. This class is taught by Ananya Christman of the Middlebury College
Computer Science Department.

Bell Inequalities and XOR games
Bell inequalities are inequalities that all classical probability distributions satisfy. However, quantum systems can violate these
inequalities. We escribe this using simple games in which questions and answers are either 0 and 1. In these games, a team of two or
more players tries to win a prize from a Wizard, who sets the rules and asks the questions. The players can meet to decide on a
strategy, but can communicate only with the Wizard once the game begins. Even though the players cannot communicate, they can
improve their chance of winning when they share a certain type of quantum state. This two-day class will be taught by Beth Ruskai
formerly of the University of Massachusetts Lowell and Tufts University. She is currently an associate member of the Institute for
Quantum Computing.

Problem Solving Strategies
This evening session is led by Matt Ellison, a veteran of MANY math contest and competitions. Matt, a GIV Math Alumnus, currently
attends Massachusetts Institute of Technology.

Appendix B:

2019 Governor’s Institute in Mathematical Sciences June 23 – June 28
Sunday, June 23
4:00
4:30
- 5:30
-- Dinner -After Dinner

Registration/Drop-off (Patterson Hall – Redstone Campus)
Introductory Activities (Outside – rain location: Dorm Lounge/Lobby)
Simpson Dining Hall
Continue Introductory Activities (Outside – rain location: Dorm Lounge/Lobby)

Monday, June 24:
8:35 – 8:45
8:45 – 9:35
9:45 – 10:35
10:45 – 11:35
-- Lunch -12:45 – 2:00
2:15 – 3:30
-- Dinner -6:30 – 8:30

Welcome from UVM Dean of the College of Engineering and Mathematical Linda Schadler
Logic Puzzles, Rosebush
Chaos, Fractals and the Mathematics of Prediction (Day 1 of 3), Danforth * Breakfast will be served
Geometry with Complex Numbers (Day 1 of 2), Lakoba
daily at the Simpson Dining
Davis Center Marketplace
Hall starting at 7:00 AM and
Network Optimization(Day 1 of 2), Petrics
Dinner starting at 5:00 PM
The Change-Making Problem, Christman *may start late
Simpson Dining Hall
Math Amazing Race - (convene after dinner in Dorm Lobby) Followed by Ice Cream Social

Tuesday, June 25
8:45 – 9:35
9:45 – 10:35
10:45 – 11:35
-- Lunch -12:45 – 2:00
2:15 – 3:30
-- Dinner -6:30 – 8: 30

Room Locations:
Colliding Blocks, Velleman)
** All daytime sessions will
Chaos, Fractals and the Mathematics of Prediction (Day 2 of 3), Danforth
be held in Lafayette L207
Geometry with Complex Numbers (Day 2 of 2), Lakoba
Davis Center Marketplace
*** All evening sessions will
Network Optimization(Day 1 of 2), Petrics
be held in Aiken 102
Iterative Maps, Gross
Simpson Dining Hall
All About College, Counselors and UVM Admissions followed by Trivia Game Night

Wednesday, June 26
8:45 – 9:35
9:45 – 10:35
10:45 – 11:35
-- Lunch -12:30 – 4:00
-- Dinner -6:30 – 8:30

Impartial Games (Day 1 of 2), Winkeler
Chaos, Fractals and the Mathematics of Prediction (Day 3 of 3), Danforth
Bell Inequalities and XOR Games (Day 1 of 2), Ruskai
@ Oak Ledge Park – catering TDB
Oak Ledge Park Bus pick-up outside Patterson Hall at 12:00
Simpson Dining Hall
Problem-Solving Session, Matt Ellison

Thursday, June 27
8:45 – 9:35
9:45 – 10:35
10:45 – 11:35
-- Lunch -12:45 – 2:00
2:15 – 3:30
-- Dinner -6:30 – 8:30

Impartial Games (Day 2 of 2), Winkeler
Gerrymandering, Warrington
Bell Inequalities and XOR Games (Day 2 of 2), Ruskai
Davis Center Marketplace
Knot Theory, Allen (Waterman 427)
Open – Student prep time for presentations
Simpson Dining Hall
Student Presentations

Friday, June 28 (note later start to allow students to prepare for afternoon check-out!)
9:45 – 11:35
Evolutionary Robotics, Bongard
-- Lunch -Davis Center Marketplace
1:00 - 3:00
Math Relays, (Outside Patterson Hall)
3:15 – 3:30
Final remarks, Graduation and Check Out (Outside Patterson Hall)

