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How:did we get here?

D e C e m b e r 200 8 Fall Enrollment for upper level Math C ourses_
Graduating class of
2013 needs 4 years of
Math credit

One credit s
equivalent to
Algebralll




and Career

eadiness Standards



New Path

MSP Grant:
Mathematics Modeling
Partnership: Preparing
Urban Teachers for
Implementing College
and Work Readiness
Standards




Partnership PUHSD & ASU

Goals were to create :

curriculum for 4% year %
ARIZONA STATE

Course UNIVERSITY

Increase teacher
content knowledge

Increase student
achievement




Where do we start?
135 hours of PD

1 week workshop first summer

Developing teacher content knowledge (TCK) and
“comfort”

8 Saturdays throughout the school year
Build curriculum and TCK
Modeling instruction

1 week summer workshop at the end of the grant
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Curri ocess

enon, Biology/financial etc.

gistic

milton circuits
e Traveling salesperson

f dispersions

Vertex-Edge Gra‘m

e Networks/Trees

e Adjacency matrices
Complex Systems e  Analysis of change
Modeling e  Dynamical system

e |terative/recursive



echnology

ProbLab Genetics - NetlLogo
File Edit Tools Zoom Tabs Help

Interface | Information | Procedures
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Explore a unit

Key Concepts

Detarmine an Eular path
and cirenit.

Detarmine a Hamilton path

and circuit.

Creats vertex adga praphs
from an adjacency matrix.

Creats an adjacancy matrix
from a vartex adgs praph.

Explain the diffaranca
betwrzen a path, a circuit,
and awalk.

Concept Unit Map

Vertex Edge Modeling

Enduring Underztandings=:

Thera ara manv ways of rapresenting informationin mathamatics, and
carsfullv choosing the form vou use can graatly simplify the problem-solving
procass. Wertax-ades eraphs provide a usaful wav to reprasent and analvze
raal-world situations involving ralationships ameong a finite numbear of
glemants, including schaduling, managing conflicts, and finding efficiant
routas.

Whils some vertax-sdes graphical representations of informationars
complicated and difficult to use, adjacency matricas can provida the same
information in a simplar format that can be mathsmatically manipulatad to
provide even mors informationthan can ba seen in the graph.

Devise, analvze and apply
algorithms for solving
vartax edge graphs.

Interprat row sums and tha
nth power of adjacency
matricas for vertax adge
eraphs.

Fank plavers in a round-
robin tannis tournament
using matricas and

Hamiltonian paths.

¢  What steps take a real-world pathway and abstract it to a circuit?

¢  What ars the criteria to Eulerize a given path?

¢  What effact does Eulerizing have on a pathway avent in a real-world
situation?
Whatis the importancs of valsncas in datarmining an Eular Circunit?
What ara the criteria for ereating a Hamiltonian eirenit”
What ars the differsnces in eriteria for Euler versus Hamiltonian
cirenits?
What is the ralationship batwesn eraphs and matricas?

Key Vocabulary
Trzil

Loap

Walk

Ciromit

Brides

Eunler Path

Enler Circnit
Hamiltonizn Path
Hamiltonian Circnit
Trzs

Spanning Tres
Vertex Caloring
Adjzcency Matrix
Critical path
Diirected zrzph
Connected sraph
Dames

Traczable
Traveling 2zlesman Prablem
Dizzraph

Mlatrix

| -
Determine how many differant wavs

Creatz a schaduls of sports for
campars to ensura that thay may
participats in anv orall of seven
offarad sports.

the American Idol judgss can,
traveling togather, visit sach of the
citizs for anditions and ratum to

Hollvwrood.

Rezources

(20097}, Survsy of
Mathematics with
Applicarions (8% ad.)

Websitas: Wolfram,
Mawrfiald

Textbook Besourcas




Cl

Graphs in Context

Social Networks

Andy «— Garth Transportation

v\.\\
I
" §
Dan —= Bill Frank

I

‘/
Carol ——p Elena

Metabolic Processes

Pentose and
glucuronate
mterconversions



Networks

Each group member will be given a clue to solve
the problem
One rule- you may not show your clue to anyone

else. You may tell them about it, you may read it
to them, but you cannot show it to them.

You have to tell others what you know

Each clue contains connections between
different barges that make up the city



Adjacency Matrix

adjacency matrix: a |V| x |V| array where each cell jj
contains the weight (or 1) of the edge between vi and
vj (or o for no edge)

ﬂ

0



http://en.wikipedia.org/wiki/File:6n-graph2.svg

Adjacency Matrices




Col

labels for a coloring of a graph
hat no edge in E has two end-



The Four Color Theorem

The four eorem, or the four color map theorem, states that
given any separation of a plane into contiguous regions, called a map, the

regions can be colored using at most four colors so that no two adjacent
regions have the same color. Two regions are called adjacent only if they
share a border segment, not just a point. This can be extended to all
planar graphs.

New Hampshire
Washington
Vermont

yi Massachusetts
Wontana North Dakota

Minnesota

Idaho South Dakota

New York

Wyoming Michigan

. Rhode Isiand

ennsylvania N :
Pennsylvani \Gonnecticit

Nebraska
Ohio
llinokls  Indiana

California Kansas Missouri Virgin&
Kentucky
North Carolina
Tennessse
Arkansas South
Carolina

Oklahoma

Aabama, .. .
Mississippi storge

Louisiana

Florida




Famous problem: Conflict graphs

Conflict graph: a graph where each vertex represents a concept or
resource and an edge between two vertices represents a conflict between
these two concepts

When the vertices represents intervals on the real line (such as time) the
conflict graph is sometimes called an interval graph

A coloring of an interval graph produces a schedule that shows how to best
resolve the conflicts... a minimal coloring is the “best” schedule”

This concept is used to solve problems in the physical mapping of DNA

Colors?




Assessment

Must assess higher order thinking skills
Rubrics to evaluate group progress

Student Assessment For Learnin

Name:

Foreach skill, mark whether or not you know this skill. For every review skill that you do not know, write an
action plan describing how you will acquire that skill prior to the test.

Don't | Corrector Simple or
Know? | Incorrect? Hard?

Quadratic y= ax® +bx+c

. Ll #-1 2
Polynomial y = a,x" +a, 2" +. +a,x” tart+a,

. 2 x=h 2
EKPC’I’IEI’ITIEII Y=uah +i

Logistic ¥ =




napshot of an assessment

Ina group of € friends, many have dated other Draw a digraph with the adjacency matrix
members of the group. Phoebe has dated Eric, below. (
Scott. and Russell. Ruth has dated Scott;
Claire has dated Eric and Russell; and Anne
has dated Eric. Scott, Russell, and Matt. Draw
a graph that models the dating relationships of
the friends.

16. Find the adjacency matrix for the digraph
below.

18. Howmany two-step paths are there altogether
in the digraph in #17 above?

19. Howmany three-step paths from D to E are
there in the digraph in #17 above?




How did we do?

Table 1.1 DMCM
Comparison of Participant and Comparison Groups
Group comparison on Post-test Scores

Discrete Mathematics Content Measure

Significance

p<.05 Table 1.3 DMCM: Discrete Mathematics Content Measure

Participant _ Comparison Group Difference Pre-Post
Control 11.95
_ Discrete Mathematics Content M

Group Pre-score Post-score Significance
. . . . Mean (SD) Mean (SD) p<.05
Table 1.2 DMCM: Discrete Mathematics Content Measure - ES oc
. . . . Control 11.42 11.95
Participant Group Difference Pre-Post 2.72) (3.17)
iscrete Mathematics Content Measure: Participant Group
Group Pre-score Post-score Significance
Mean (SD) Mean (SD) p<.05
Participant 10.47 18.29 .00
(3.41) (3.30)




How did we do?

Table 1.5 MSP Teacher Content Knowledge—Comparison

Table 1.4 MSP Teacher Content Knowledge—Participants (Discrete
Mathematics Content Measure)

Project Name:
Project Name: S Test Name:
Test Name: DMCM My Name:
My Name: Haag
Year: 2010

P value <

Total number of records Total number of records

read: read:

Number of teachers with Number of teachers with

both pre-test and post- both pre-test and post-

test scores: test scores:

Number of teachers with Number of teachers with

significant gains: .. .
significant gains:




How did we do?

The Post RTOP score

Table 1.6 MSP Teacher RTOP Total—Participants ( M — 6 8 56 S D — 17 29)
. / .
revealed a nine-point gain
PUHSD ASU
roject Name: MSP
Project Nar e from the Pre RTOP score
Yo 016 (M =59.78, SD = 17.59), and
Z value: 2198 the gain was significant
P value: 0.028
(p = .028). PUHSD had a
Total number of records g )
I:e:gl'ber of teachers with 15% Increase In pre-pOSt
ot spapese ROt RTOP scores.

Number of teachers with
significant gains:




Observation Protocol

LESSON DESIGN AND IMPLEMENTATION
1. The instructional strategies and activities respected students’ prior knowledge and the preconceptions inherent therein.
2. The lesson was designed to engage students as members of a learning community.
3. In this lesson, student exploration preceded formal presentation.
4. This lesson encouraged students to seek and value alternative modes of investigation or of problem solving.
5. The focus and direction of the lesson was often determined by ideas originating with students.
CONTENT

Knowledge can be thought of as having two forms: knowledge of what is (Propositional Knowledge), and knowledge of
how to (Procedural Knowledge). Both are types of content. The RTOP was designed to evaluate mathematics or science
lessons in terms of both.

Propositional Knowledge

6) The lesson involved fundamental concepts of the subject.

7) The lesson promoted strongly coherent conceptual understanding.

8) The teacher had a solid grasp of the subject matter content inherent in the lesson.

9) Elements of abstraction (i.e., symbolic representations, theory building) were encouraged when it was important to do so.
10) Connections with other content disciplines and/or real world phenomena were explored and valued.

Procedural Knowledge

11) Students used a variety of means (models, drawings, graphs, symbols, concrete materials, manipulatives, etc.) to represent
phenomena.

12) Students made predictions, estimations and/or hypotheses and devised means for testing them.

13) Students were actively engaged in thought-provoking activity that often involved the critical assessment of procedures.
14) Students were reflective about their learning.

15) Intellectual rigor, constructive criticism, and the challenging of ideas were valued.




to others using a variety of means and media.
g.
it amount of it occurred between and among

focus and direction of classroom discourse.

and valued.
22. Studen
of interpreting e
23. In general the teacher was patient with students.

24. The teacher acted as a resource person, working to support and enhance student investigations.
25. The metaphor "teacher as listener” was very characteristic of this classroom.

ectures, alternative solution strategies, andj/or different ways



How
did
we
do?

D] —

Fall Enrollment for Upper Level Math Courses

b Calculus |, Dk . Upper Level
re- iscrete
Algebra 3 |Algebra 3H Calculus I, Statistics Total for
Calculus Math
AB, BC Year

5002 _____I

[ [ 6% |

s003 | 1370 | 430 | e8 | 8 | 280 | | 2771 ||
Gﬂ" ﬂ'ﬂ' ﬂ'i" ﬂ'ﬂ" ﬂ.-" s s

[ [ x|

2004 —— __I

I X R N S I 2
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5.5% 2.5% 2.5% 0.4% 1.3% _|

»006 | 1609 | 572 | e4s | 110 | 294 | | 3230 ||

[ 72% | 26% | 29% | sax | 1% | | 1% |

o7 L1817 | 748 | 704 | 69 | 36 | | 3684 |

7.8% 3.2% 3.0% 0.3% 1.5% _|

so08 | 2397 | 923 | 801 | 44 | 5272 | | 4692 ||

| 95% | 37% | 32% | o02% | 21% | | 186% ||

o0s |_2786 | 1225 | sea | 187 | s | | 5004 ||

| 12a% | 54% | 37% | o08% | 36% | | 256% |

10 | 3312 | 1252 | 885 | 197 | 1032 | 154 | 6832 ||

07% | 304% ||
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Jpuhsddiscrete

AZTEC/RTOP/RTOP_full/

com/discrete ii.html
ematics in Grades 6-12

: mathematical literacy in

Jim Mlddleton jimbo®@asu.edu
+ Susan Haag- evaluator susan.haag@asu.edu
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http://discreteteaching.com/discrete_ii.html
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