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Courses Offered at the Bard College Site 
Core Courses  
Students take one core course each week 

Methods of Proof (Week 1 – Malcolm) 
Professional mathematicians invent new math problems and find the answers themselves.  They don't have a teacher 
or a textbook to check if they got the answers right.  So how do they know?  They write proofs!  A proof is an 
explanation using math that is so logical and so convincing that every mathematician knows their answer is right.  
Proofs can be drawings or diagrams, they can be written explanations, or they can use numbers and calculations.  
They can be sneaky, they can be surprising, and they can be beautiful.  In this class, you will learn how to make the 
power of proof your own.  That means you will learn how to think like a real mathematician - you will become your 
own authority on what is mathematically true. 

Number Theory with Proofs (Week 1 – Reva) 
The counting numbers 1,2,3,… might seem pretty simple on the surface, but if we look at them more carefully, we 
find all kinds of fascinating patterns and properties to explore.  You’ve already been doing Number Theory 
whenever you thought about different types of numbers like primes, evens and odds, or perfect squares.  So you 
might ask yourself questions like “Why are primes special enough to get their own name – can we actually do 
anything with them?” Or maybe you know a trick for figuring out if a number will be divisible by 9, but you don’t 
know why it works.  We’ll ask these and lots of other questions about the natural numbers, and along the way we’ll 
also be learning what it means to give a proof that shows someone why your claim always has to be true, or to 
convince someone else that their claim is false! 

Formal Systems (Week 1 – Justin) 
A formal system is a set of objects and a set of rules that can affect the objects. Often the objects are sequences of 
letters that resemble words, like ACBA. A rule might allow you to change any letter into an A, so that ACBA can 
turn into ACAA. The question is: depending on your starting word, what other words can you make from it? The 
rules and objects of a formal system don’t have to relate to anything in the real world—that’s why they’re called 
“formal.” Even so, it is possible to embed all kinds of interesting mathematical structures within formal systems. In 
fact, one of the major achievements of 20th-century mathematics was bringing the formal viewpoint into all of the 
different areas of mathematics—arithmetic, algebra, geometry, and more. And formal systems are not just 
important—they also make fun and tricky puzzles! I’m excited to help you grow in your ability to reason well and 
methodically within mathematical systems, as well as to reason about mathematical systems and to probe their 
limitations. Come and hone your logical and creative math skills! 

Logic (Week 1 – Karen) 
In this course we will study logic - the art of reasoning. Our first objective will be to understand the mathematical 
meaning of the common English words: not, and, or, as well as, if. . . then.  We will learn, from examples and logic 
puzzles, deductive reasoning.  Mastering this reasoning will enable you to solve the type of problems that appear in 
the logic section of the SHSAT test or LSAT. This course will be fun and fundamental. It will provide a solid 
foundation for your future mathematical work. 

Integer Sequences (Week 2 – Cory) 
Sequences are everywhere. They appear in many forms, from sunflower seed arrangements and leaf patterns, to 
musical beats and rabbits! Most importantly, sequences are essential to describing how we observe patterns. In this 
course, we will learn how and where they show up, and we will learn how to express them mathematically.  

Cryptanalysis (Week 2 – Zandra) 
Cryptanalysis is the study of codes – how to make them and how to break them.  The best way to begin 
understanding cryptanalysis is to try your own hand at code breaking. We'll start by breaking some of the most 
famous codes in history!  Then you'll take a shot at making your own new codes. Lastly, we duel! Code makers vs. 
Code breakers.  As strong as your codes can get, there are statistical techniques and other hacking practices to match 
them in power. 

Graph Theory (Week 2 – Reva) 
The term “graph” gets used in a lot of different ways in math, but this course is about a type of graph that you might 
not have seen yet in school.  Have you ever done one of those puzzles where you have to trace something (like a 
house) without lifting your pencil or going over any line twice?  If so, then you’re already done some graph theory, 
and graph theory could tell you whether one of those puzzles was actually impossible!  Beyond puzzles and games, 
graph theory can also help us answer some pretty complicated problems about situations like scheduling courses so 
that no student ends up in two classes at the same time, or finding a way to build roads in a developing country so 
that all the major communities are connected.  We’ll be able to use ideas about graphs to determine when our 
answers are correct, and to find “pretty good” solutions when even a computer would take too long to find one that 
is perfect! 
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Math and Justice (Week 2 – Justin) 
From our day-to-day lives to national policymaking, mathematics can shed light on questions relating to justice and 
fairness. How should decisions get made? How should resources be shared? How can we balance competing 
interests? Not only can mathematical tools and theories help us to see real human problems more clearly, they can 
also help us to find new solutions that improve lives. During our week together we’ll consider questions of political 
justice, criminal justice, economic justice, and social justice. We’ll study how to fairly pick which movie to see with 
friends. We’ll dig into a murder case. We’ll analyze racial segregation in cities. I’m excited to engage with real and 
often very tough questions and to help you experience how math can help us to make the world a better and more 
just place. 

Geometry of Numbers (Week 3 – Karen) 
In this course, we explore properties of the three most important subsets of 
real numbers: the integers, the rational numbers, and the irrational numbers.  
Along the way, we will examine interesting interplays between geometry and 
number theory.  As an example, we can ask: Find three integers a, b, and c 
such that a2 + b2 = c2.  Or, because of the Pythagorean Theorem, we can as 
this question geometrically as: Find a right triangle such that the length of the 
legs and hypotenuse are all integers 

Strategies and Games (Week 3 – Zandra) 
Do you like playing games? Winning games? ALL the games? In this course, we'll figure out how to play many 
games so well that no one will ever beat you again. We'll investigate many kinds of strategic scenarios altogether: 
board games, sports, politics, the stock market, driving in traffic, lotteries, casinos, reality game shows, and more. 
Strategy and optimization are the theme, and the math and strategies we'll explore are applied to everything from 
playing chess to programming robots to making millions in the stock exchange! 

Programming (Week 3 – Malcolm) 
Every app, video game, website, or program you've ever used was written by a programmer using a programming 
language.  Programming languages are used to tell computers what to do, and they are much more exact than the 
languages we speak. You have already gotten a free license for the math programming website Mathematica.  
Mathematica is used by professional mathematicians to make a computer do math that would be impossible for a 
person to do alone, even with a calculator.  In this class, you'll learn to use Mathematica yourself, and begin to do 
incredible math you never thought possible.  You'll choose a final project that builds off of what you learned in your 
previous classes, or you can create a new project yourself.  Finally, you will learn how to expand your programming 
knowledge on your own after this summer, so you can keep programming for fun for as long as you want! 

Infinity (Week 3 – Cory) 
There are many surprising facts in mathematics. You might be surprised to find, for example, that there are infinitely 
many prime numbers. Or perhaps you might be intrigued by the fact that the square-root of two is not a ratio of two 
nonzero integers. Whatever the case may be, there is no truth more remarkable or astonishing that there are lots of 
infinities. What does this mean? This course will develop your intuition for infinity and explore many interesting 
facts and brain-twisters involving the concept. 

Problem Solving Courses  
Students also take one problem solving course for the first two weeks of the summer. In the third week, they can 
continue a problem solving course or prepare for the Specialized High School Admissions Test (SHSAT). 

Math Team Strategies (Kate) 
On Saturday mornings, in school cafeterias and gyms all over the world, young mathematicians are drawn to 
participate in vibrant communities like MATHCOUNTS, AMS Contests, and Mathematics Olympiad. These 
competitors choose to come together and do tough math problems because they love a challenge, to see how they 
stack up against worthy opponents, and to make friends and have fun! Math Team Strategies is an introduction to 
the types of problems you'll find at these events, strategies and useful tricks that come in handy all the time, and 
experience working as a team. 

Solving Big Problems (Dan) 
The world's big problems can't be solved in five minutes.  Real math—the kind we use to build bridges or to enable 
computers to send data to each other, the kind that makes us go “wow!” and which people think is so great that they 
spend all their lives doing it—those problems take creativity.  You have to use everything you can to figure them out.  
You have to think deeply and really piece things together.  This class is about how to solve big math problems, 
problems that are deep, interesting, fun, and hard.  You'll build your stamina for working on problems.  We'll solve 
problems together that might take hours or even days to find the solutions.  You’ll learn how to find strategies for 
solving a problem when you feel stuck, and you’ll get practice so that you can be ready for even more challenges in 
the future. 
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Courses Offered at the Siena College Site 
Core Courses  
Students take one core course each week 

Euclidean Geometry and Proofs (Week 1 – Dan) 
Working with topics in geometry that have been studied for over two thousand years, we devote a lot of our time to 
learning what a proof is. Is something a square just because it looks like a square? How can you convince someone 
else that what you have drawn really is what you say it is? In this course we will investigate the concept of 
mathematical proof, and learn how to convey your ideas in a meaningful and convincing way. We will learn to see 
mathematics as a game, where the rules are slowly revealed to us over time. As the course progresses, we will 
“unlock” new rules and procedures which will then allow us to go on to even more complicated and interesting ideas. 
We will spend a lot of time drawing interesting geometric objects. Many of the objects we construct in this course 
are aesthetically pleasing, and there can be an artistic aspect to this course. If you like to draw or sketch or if you 
have an interest in graphic design, this may be the course for you.   

Count without Counting (Week 1 – Javier) 
In this class we will learn rules or shortcuts that will allow us to find out how many objects there are in a collection 
without having to count each of those objects one by one. For example, how can we count (without listing one by 
one) the number of different initial lineups for a basketball team that has 10 players in total?  

However when we take a shortcut we need to make sure that it is the right one and that it will not take us in the 
wrong direction. For example, is it safe to say that a building has 20 floors based on the fact that the largest number 
in the elevator's buttons of that building is 20? Could I be miscounting or overcounting the number of floors? What 
if they skipped a number? What if there are other floors whose buttons have a letter instead of a number? In this 
class we will make sure that we know how to use the shortcuts that we learn so that we are taking into account all 
relevant details of each situation we study. 

Logic (Week 1 – Marcus) 
Logic is one of the most powerful tools that humans use to gather information, understand, and control the world 
around us. The rules of logic form the basis behind the operation of computers, the language of mathematics, and 
perhaps even the rules of the Universe itself. This class will explore the rules of logic, and how they can be used to 
detect true and false statements, as well as how to judge the correctness of an argument. 

Programming (Week 1 – Mike) 
Using Processing, we will examine many ways computer are useful to us in exploring both physical world and 
virtual worlds. We will build “SPMPS” calculators, which have many of the capabilities of standard calculators, 
but we will enhance them with our special features written with Processing. 
The Game of Numbers (Week 2 – Tanya) 
People often say "this is as obvious as 2*2=4". Is it? What if 2*2=1? What would happen to all those "facts" which 
seemed so obvious? Does it happen that 1/2 = 6? We will explore some new worlds and it just might help us to 
understand the familiar world of integers much better. What do numbers do? They add and multiply. The laws that 
govern their addition and multiplication are simple and we can figure them out together. The consequences of 
following those simple laws will be remarkable and dazzling. Come - play! 

Topology (Week 2 – Marcus) 
Topology is the branch of mathematics that tries to capture the important qualities of shape and structure, but it does 
so in a way that is more general than geometry. Everyone is familiar with the idea of a neighborhood -- an area of 
houses or buildings that are all fairly "close" to one another. By studying the nature of what we mean by "closeness" 
we can define different kinds of neighborhoods and use them to understand the shapes of some old familiar objects 
as well as some new mind-bending shapes. 

Finding My Way: Acquiring and Analyzing Global Positioning Satellite Data (Week 2 – Mike) 
The Arduino microprocessor will be used with to acquire real time data. A Global Positioning Satellite sensor will 
be used to acquire distance and time data. Participants will explore the mathematics behind determining position 
from this data and comparing and contrasting their results with information obtained from Google earth. 

Astrophysics (Week 3 – Debbie) 
The sun is about 150 million km away from the earth, and will live about 10 billion years before it expands and then 
explodes. The nearest star is named Proxima Centauri, and it is about 4 light years away from us. But when you look 
at a star in a telescope, all you see is a point of light. How can we tell the difference between a bright star that's far 
away and a dim star that's closer to us? How do we know how long a star will live? Turns out that with a few simple 
formulas, there is a lot we can figure out about the stars. If you've ever been curious about what's out there, this is 
the class for you!  
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Groups Everywhere (Week 3 – Javier) 
What is the relationship between contradance, flipping a coin, and numbers? How is it possible for dancing to be 
related to the symmetries of a hexagon through mathematics? In what way can spinning a bottle and a beautiful 
skyline share mathematical properties? The answer to these three questions is: Groups. A group is a collection of 
actions over an object that satisfies certain rules. For example the collection of moves that we can do over a Rubik's 
cube is a group. In this class we will study groups through examples of actions such as dancing and playing with 
polygons. Later we will study properties of a group and we will see how these properties translate to the examples 
that we have experienced. 

Incidence Geometry (Week 3 – Dan) 
What is a line? Does it have to be straight? What does it mean for one point to be between two other points? You 
probably already know a lot about geometry without even realizing it. In this course, we will investigate a type of 
geometry where a lot of what seems obvious about geometry is no longer true.  We will study objects called 
incidence structures, and at the start of the course there are pretty much no rules so you can make your examples as 
chaotic, or as organized, as you like. As we move through the course, we will slowly introduce some rules which 
will give us more specific types of structures. This course will be abstract, but it is also very visual – almost 
everything we study will be sketched out on paper, and many of our examples are quite beautiful. 

Problem Solving Courses  
Students also take one problem solving course for the first two weeks of the summer. In the third week, they can 
continue a problem solving course or prepare for the Specialized High School Admissions Test (SHSAT). 

Math Team Strategies (Matt) 
Learn what to do when you're not sure what to do. You will build skills and confidence in handling problems that at 
first may seem really tough, but are often solvable with the right approach. This course will provide tools that will 
be useful for students interested in joining either the SPMPS Math Team or their school's math team after the 
summer ends. But the strategies you will learn are not just applicable to math contests—they are useful in many 
different math situations you will encounter! 

Solving Big Problems (Shelley) 
You may find that it only takes you a few minutes to solve the math problems that you see in school.   But real 
math---the kind we use to build bridges or to enable computers to send data to each other, the kind that makes us go 
“wow!” and which people think is so great that they spend all their lives doing it---those problems take creativity, 
and often take much longer to solve.   You have to think deeply and really piece things together to figure them 
out.  In this class, we will work together to solve problems that take hours or even days.  We will build stamina for 
solving this type of problem, and learn strategies for making progress on problems, even when we feel stuck.  You'll 
learn how to solve problems that are deep, interesting, fun, and hard—in other words, Big Problems.  


