
Math in the Middle
Institute Partnership

• A 25-month masters program that educates and supports
teams of outstanding middle level math teachers who will
become intellectual leaders in their schools, districts, and
ESUs.

• A major initiative to provide evidence-based contributions to
research on learning, teaching, and professional
development.

• A special focus on rural teachers, schools, and districts.
M2 Goal

Invest in high-quality teachers in order to improve K-12
student achievement in mathematics and to significantly
reduce achievement gaps in the mathematical performance
of diverse student populations.



MM22 Partnerships Partnerships
People and OrganizationsPeople and Organizations
• All 14 rural

Educational Service
Units plus LPS

• 65 Local Districts
• 91 Schools
• 130 Teachers

– 60 have earned
Masters Degree

– 95% retention rate

Typical Cohort   5th     6th     7th     8th   7-12   HS
  32 teachers     7       7       5       7        3        3



The Challenge Our Institutes Face

• What Mathematics do Teachers “Need to
Know” and How Should They “Come to
Know” Mathematics?
– What does it mean to offer challenging courses and

curricula for math teachers?

– How do we help teachers translate the mathematics
they come to know into classroom practice that leads
to improved student learning?



Math in the Middle Institute
Partnership

M2 courses focus on these objectives:
• enhancing mathematical knowledge
• enabling teachers to transfer mathematics

they have learned into their classrooms
• leadership development and
• action research



M2 Institute Courses
• Eight new mathematics and statistics courses designed

for middle level teachers (Grades 5 – 8) including:
– Mathematics as a Second Language
– Functions, Algebra and Geometry for Middle Level Teachers
– Experimentation, Conjecture and Reasoning
– Number Theory and Cryptology for Middle Level Teachers
– Using Mathematics to Understand our World

• Special sections of three pedagogical courses:
– Inquiry into Teaching and Learning
– Curriculum Inquiry
– Teacher as Scholarly Practitioner

• An integrated capstone course:
– Masters Seminar/Integrating the Learning and Teaching of

Mathematics



Math in the Middle
Institute Design

         Summer        Fall       Spring
Wk1              Wk2&3

Yr 1 M800T  Teac801 & M802T          M804T      Teac800

Yr 2 M806T   M805T & Stat892         Teac888     M807T

Yr 3 M808T   Teac889/M809T
    and the Masters Exam

- A 25-month, 36-hour graduate program.



M2 Courses

SUMMER
• Offer 1 and 2 week classes.
• Class meets from 8:00 a.m.

- 5:00 p.m.
• 35 teachers – 5 instructors

in class at one time.
• Substantial homework each

night.
• End-of-Course problem set

– Purpose – long term
retention of knowledge
gained.

ACADEMIC YEAR
• Two-day (8:00 – 5:00) on-

campus class session.
• Course completed as an on-

line, distance education
course using Blackboard
and Breeze.
– Major problem sets
– End-of-Course problem

set
– Substantial support

available for teachers



The Habits of Mind of a mathematical thinker

A person with the habits of mind of a mathematical
thinker can use their knowledge to make conjectures, to
reason, and to solve problems.

Their use of mathematics is marked by flexibility of
thinking paired with the belief that precise definitions are
important. They make connections between a problem
they are trying to solve and their mathematical
knowledge. When presented with a problem to solve,
they will assess the problem, collect appropriate
information, find pathways to the answer, and be able to
explain that answer clearly to others.



“Habits of Mind” definition cont.

While an effective mathematical toolbox certainly
includes algorithms, a person with well developed habits
of mind knows both why algorithms work and under
what circumstances an algorithm will be most effective.

Mathematical habits of mind are also marked by ease
of calculation and estimation as well as persistence in
pursuing solutions to problems. A person with well
developed habits of mind has a disposition to analyze
situations as well as the self-efficacy to believe that he or
she can make progress toward a solution.

This definition was built with help from Mark Driscoll’s book,
Fostering Algebraic Thinking: A guide for teachers grades 6-10.



A sample
“Habits of Mind” problem

The Triangle Game: (Paul Sally, U. Chicago) Consider
an equilateral triangle with points located at each vertex
and at each midpoint of a side. The problem uses the set
of numbers {1, 2, 3, 4, 5, 6}. Find a way to put one of the
numbers on each point so that the sum of the numbers
along any side is equal to the sum of the numbers along
each of the two other sides. (Call this a Side Sum.)
– Is it possible to have two different Side Sums?
– What Side Sums are possible?
– How can you generalize this game?



(more) Habits of Mind Problems
• Math 802T: An (un)common solution: Find a positive

integer which if divided by 2 leaves a remainder of 1, divided
by 3 leaves a remainder of 2, divided by 4 leaves a remainder
of 3, divided by 5 leaves a remainder of 4, divided by 6 leaves
a remainder of 5, divided by 7 leaves a remainder of 6,
divided by 8 leaves a remainder of 7, and divided by 9 leaves
a remainder of 8. Is there more than one solution? (an infinite
number?) If so, find the smallest positive integer solution.

• Math 805T: There are 27 different three digit numbers that
can be made from the digits 1, 2, and 3 – 111, 121, 312, etc.
Use graph theory to determine how to place nine 1’s, nine 2’s,
and nine 3’s on a circle so that each of the 27 triples appears
exactly once when all sets of three consecutive digits around
the circle are read in a clockwise direction.



End-of-Course Problem Sets
• Math 800T: Superman flew from Metropolis to Gotham City at 300

km/hr. He flew back from Gotham City to Metropolis at 600 Km/hr
(traveling the same distance each way). What was his average
speed for the round trip?

• Math 800T: Argue that between any two rational numbers you can
find both a rational number and an irrational number.

• Math 804: A cube with edges of length 1 is inscribed in a sphere.
What is the radius of the sphere? For an extra credit, find the radius
of a sphere with an inscribed tetrahedron with edges of length 1.

• Math 804T: A circle passes through the vertices of an isosceles
triangle with two sides of length 3 and a base of length 2. What is
the area of the circle? Partial credit for a decimal approximation
(correct to two places); full credit for mathematical reasoning that
gives an exact answer.



• Two options for the Masters Degree
– MAT (Specialization in the teaching of middle

level mathematics (Mathematics Department)
– MA (Teaching, Learning and Teacher Ed.)

• Masters exam in mathematics
– Take home exam (two math questions)
– Action Research Project Report (5-8 pages)
– An 8-10 page expository mathematics paper
– An oral presentation about the paper

M2 Masters Degrees



A Sample Masters Exam Question
A math class with “n” students sits in a circle to play
mathematical chairs. The students choose an
elimination number “d” and then count off in order, 1, 2,
3, … . When the count gets to d, that student is
eliminated from the game. The next student starts the
count over and the students count 1, 2, 3, … . Again,
when the count gets to d, that student is eliminated.
Continue in this manner until only one student is left.
That student wins the game.

Where should you sit in order to win the game?

Hint: Solve the problem first for elimination number 2 or
3 and then try to solve it for elimination number d.

Note: This is a version of The Ring of Josephus problem.



More sample Masters Exam Questions

• Find all instances where three consecutive
entries in a row in Pascal’s Triangle are in the
ratio 1 : 2 : 3.

• Suppose we roll some regular 6 sided dice.
– How many different outcomes are possible if we roll

• 8 identical dice?
• n identical dice?
• n identical dice and each of the numbers 1, 2, 3, 4, 5, and 6

show up at least once?



Sample Titles of Master’s Papers

• The Volume of a Platonic Solid
• Pythagorean Triples
• The Polygon Game
• Farey Sequences, Ford Circles, Pick’s Theorem
• Vigenere Cipher
• Heron, Brahmagupta, Pythagoras, and the Law

of Cosines
• Fourier Series



Side Sum Solutions for Hexagons

Side Sum 17:   3, 8, 6, 4, 7, 9, 1, 11, 5, 10, 2, 12
Side Sum 18:   None
Side Sum 19:   6, 2, 11, 5, 3, 9, 7, 4, 8, 10, 1, 12
               And   4, 10, 5, 8, 6, 2, 11, 1, 7, 9, 3, 12
               And   5, 11, 3, 9, 7, 4, 8, 10, 1, 6, 12, 2
               And   3, 9, 7, 11, 1, 10, 8, 6, 5, 2, 12, 4
Side Sum 20:   7, 11, 2, 8, 10, 4, 6, 9, 5, 3, 12, 1
               And   9, 3, 8, 5, 7, 11, 2, 12, 6, 4, 10, 1
               And   8, 2, 10, 4, 6, 9, 5, 3, 12, 7, 1, 11
               And   10, 4, 6, 2, 12, 3, 5, 7, 8, 11, 1, 9
Side Sum 21:   None
Side Sum 22:   10, 5, 7, 9, 6, 4, 12, 2, 8, 3, 11, 1



Patterns with Minimums & Maximums

Polygon Minimum
Side Sum

To find the
next

Minimum

Maximum
Side Sum

To find the
next

Maximum
Triangle 9 +3 12 +3

Square 12 +2 15 +4

Pentagon 14 +3 19 +3

Hexagon 17 +2 22 +4

Heptagon 19 +3 26 +3

Octagon 22 29



A Solution for an n-sided polygon, n odd

• General solution for an n-gon where
n = 2k + 1, n odd

• For a Heptagon Solution, n = 7; k = 3
To find the vertices begin with 1, move
clockwise by k each time, and reduce
mod n. The midpoints begin with 2n
between 1 and 1+k and move

                                 counterclockwise, subtracting 1 each
time. For a heptagon, the
Side Sum = 5k + 4.
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M2 Research Questions

• What are the capacities of teachers to translate
the mathematical knowledge and habits of mind
acquired through the professional development
opportunities of M2 into measurable changes in
teaching practices?

• To what extent do observable changes in
mathematics teaching practice translate into
measurable improvement in student
performance?



Using the LMT to Measure Teacher
Knowledge

Cohort 1 Cohort 2
• Percentage Pre Post Pre Post

<40%   1   0   3   0
  40s   1   1   6   0
  50s   3   1   3   3
  60s   5   5   2   7
  70s 11   9 10   9
>=80     7 12   4   9
Total 28 28 28 28



Studying our teachers’ practice
• We have several qualitative research studies of teacher

practice being conducted by:
– Ruth Heaton (co-PI)
– Graduate Students

• Wendy Smith
• Yolanda Rolle
• David Hartman

• School Leadership is being studied in a joint project with
the RETA at Northwestern University

• A study of teaching mathematics in rural schools



Investigating student achievement

• A study of the impact of Math in the Middle
teachers on student achievement in LPS middle
schools is led by Walt Stroup.

• An “alternative assessment” seeks to learn
whether students taught by Math in the Middle
teachers are developing the desired “habits of
mind of a mathematical thinker.”


