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PREPARING TEACHERS IN MATHEMATICAL MODELING

CCSSM (2010) — initiated modeling in K-12
K-12 Mathematical Practice - MP4. Model with mathematics

HS Conceptual Category - modeling standards are dispersed throughout
all other conceptual categories: number & quantity, algebra, functions,
geometry, statistics & probability).

AMTE’s Standards for Preparing Teachers of Mathematics (2017) advocate for
modeling in teacher preparation.

Teacher preparation programs are inconsistent with requiring a course in
modeling.
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RESEARCH

Key research questions:
= How do pre- and in-service teachers build competency in MM?
= How do pre- and in-service teachers develop MMKT?

Analyses — teachers’ internalization of Through metacognitive reflections —
the modeling process and their self- PTs describe how they translate the
created models provide insights into modeling process into practice by

their modeling competency focusing on the modeling process as
development. they engage in modeling (Anhalt &

Cortez, 2016).

Through simulations of practice (SOP) (Grossman et al., 2009), PTs respond to

student ideas/approaches to MM problems that helps develop their MMKT (Anhalt,
Cortez, Kohler, & Tidwell, 2022).

This Is a process that takes time and experience in MM.



OUR GENERAL APPROACH IN WORKING WITH PST

Modeling is presented in a natural progression with
a focus on elements of modeling

Simplifying the problem situation PTs develop modeling
Researching information competency through an
Prioritizing variables experlentlal approach .
Making assumptions they create models to
Create simple models -
| . solve problems while
Introductory tasks involve more guidance and :
structure for entering the modeling process Cognlzant of the
Later experiences provide students opportunities modellng Process.

for more independent exploration and decision
making
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EXAMPLE TASK: FIGHTING FLOODS WITH SANDBAGS

The table shows estimates to build sandbag walls

that are 100 feet long and various heights.

* Why do you think their estimates are so
different?

* Develop your own procedure to estimate the
number of sandbags.

* How do your estimates compare with theirs?

Height of Army Corps of Missouri Dept. of Natural |Your
sandbag wall Engineers estimate |Resources estimate estimate
1 foot 600 bags 500 bags

2 feet 2,100 bags 1,000 bags

3 feet 4,500 bags 2,100 bags

4 feet 7,800 bags 3,600 bags

5 feet - 5,500 bags




Why Sandbags?
1. Easy to use
2. Inexpensive
3. They work!

science.howstuffworks.com

Ehe New Hork Times . Keep Your Receipts

Fublished: October 13, 1874 db bed i id
Copyright © The New York Times Sandbags stacked in a pyrami If you have flood insurance, the National Flood Insurance Program (NFIP) will give money
LOH]SIANA‘ formation. back on many of your flood control expenses. Iltems like sandbags, lumber and water pumps

may be reimbursable up to $1,000.

THE LEVEE SYSTEM OF THE STATE.
DVERFLOWSE AND BOW THEY ARE PRE-
VENTED—RIVEE EMBANEMENTS BEFORE
TEE WAR AND NOW-—THE LOUISIANA.
LEVEE COMPANY—ITA WORK AND
PROFITA.
From Dur Special Correspondent,
New-OnrLeavns, La., Thursday, Oct. 8, 1874.
Recent events have directed the attention

of the whole country to the political situation in
Louisiana, aond many earnest, thoughtful men
are now endeavorine to Roreeat anme meana hy




EXAMPLE APPROACHES

Typical assumptions: § ‘“f“
e Filled sandbag length, height < zfi
e Stacked as in figure S 1
T 0 ft
Volume approach:
e Estimate volume (V) of wall
e Estimate volume (v) of 1 sandbag A
N=V/v
. / 0 ft 2.5 ft 5 ft 7.5 ft 10 ft
Counting approach:
e Estimate the number of layers, L
e N=100(1+2+3+...+L)
- =
Zk o o0
® oo OO
k=1 ® o0 000 A AL
® 00 000 0000 00000

Connection to triangular numbers e oo ?00 oo
' =3 T ) g =1



MATHEMATICAL CONNECTIONS TO OTHER PROBLEMS
The Handshake Problem

m Sometimes people shake hands to greet one another. Assuming
all people in a room shake hands with everyone, how many
handshakes would be exchanged among 20 people?

i % N

m Solve the problem. Generalize - create a function for any number
of people.

m What are the different ways to represent the solution?



EXPLORATION WITH TR

Number of People and Number of Handshakes

w 30

0 1 2 3

4

5

6

7

Number of People

Graphical
representation

F(n) _ n(nz—l)

Function notation

Representation
from graph theory

8

6 1
515
444 . .
3133 1
212 |2 2 1 6 6
Bl e B Triangular numbers in
Geometric Pascal’s Triangle
representation
6+5+4+3+2+1 nn—1) n! _ (n
= o =
Numberof ~ Number of 2 2! (n —2)! 2
People (n) Handshakes Combinatorial approach
1 0
2 1
3 3 al bl c1 dl el f1
. 0 a2 b2 2 d2 e2
4 6 Connection 0 0 a3 b3 c3 d3
5 10 to linear 0 0 0 a4 b4 c4
0 0 0 0 a5 b5
" ? algebra 0 0 0 0 0 ab

Data points

Upper triangular matrix

)



Example Task: Arctic Sea Ice Region in 1984 and 2016
Below are NASA images of the Earth’s Arctic Polar Ice regions in 1984 and 2016.

Develop a method
that can be used to
approximate the area
of the Arctic Seaice
based on these
satellite images.

0 1000 km
Using your method, determine the percentage decrease in the Arctic Sea ice from 1984 to 2016.




Example Task: NASA Data on Arctic Sea Ice Extent Decling

https://climate.nasa.gov/vital-signs/arctic-sea-ice/
1981 - 1990 1991-2000

ANNUAL SEPTEMBER MINIMUM EXTENT RATE OF CHANGE Year lceextentin . lceextentin
million sq km million sq km
Data source: Satellite observations. Credit: NSIDC/NASA \L 1 2 6 1981 6.9 1991 6.3
" 1982 7.17 1992 7.21
percent per decade 1983 1.22 1993 6.18
1984 6.43 1994 6.96
1985 6.49 1995 6.03
1986 7.16 1996 7.19
7.0 1987 6.96 1997 6.63
1988 7.13 1998 6.35
E 1989 6.91 1999 5.76
% 6.0 1990 6.04 2000 5.98
=
3
S o 2001-2010 2011-2021
= Vear ceextentin Year  |C€extentin
million 5q km million sq km
4.0 2001 6.6 2011 4.34
2002 5.64 2012 3.39
2003 6.01 2013 5.05
1984 1992 2000 2008 2016 2004 5.79 2014 5.03
YEAR 2005 5.32 2015 4.43
2006 577 2016 4.17
The NASA states that “September Arctic Sea ice is now declining at a rate of 12.6% ;gg; :;; ;gi; jg;
per decade, relative to the 1981 to 2010 average.” Do you agree or disagree with 2009 5.12 2019 4.19
that statement? Perform and show calculations that support your conclusion. 2010 4.62 o .

2022 4.67



Example PT Approach

According to our solution, the percentage of ice in 2016 that was still existent compared to in 1984 is
821/1234 = 66.53%, which means that there is roughly 33.47% less ice in the 2016 image than in the
1984 image.
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PROFESSIONAL DEVELOPMENT: WESTERN REGIONAL NOYCE CONFERENCE

T—
240 Noyce . et

Scholars and O

= Introduction to

Fellows .
Modeling
14 states Collab . | .
represented = COllaporative earning

community
® Undergraduate

science & math
PTs

= Discussions, problem
solving

m Posters: models
created from NASA
data on the Arctic Sea
iIce melting

m Graduate
students, PTs

® In-service
teachers in
early career



PROFESSIONAL DEVELOPMENT: LOCAL COMMUNITY MODELING
USU STEAM Expo+ Teacher Workshop, Blanding, UT

Discuss in small groups: P .

* What do you notice?

« How was this formed?

« How would you describe
it geometrically?

« What is the name of it?

* Where is it located?

Existing Description of the Three Gossips

What mathematics would
enhance the description?

Write a mathematically-rich
description.

Group Work

Create a description of the
rock formation through
mathematical narrative.
For example, include the
geometric shapes, a
maximum point, and unusual §
3-dimensional widths,
circumferences.

The Three Gossips is a statuesque formation named for its
striking resemblance of three people chatting/gossiping. This
mid-size formation that stands 350 feet is located near the
Courthouse Towers'in the Windows section of the Arches
National Park, UT.



SAMPLE MODELS AND MATHEMATICAL DESCRIPTIONS OF ROCK FORMATIONS

The TOTEM POLE
: The strudfuve is compokc‘
\/\/IY\C'OW ROC'( of hruncded cone,, o i
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REFLECTION ON THE MODELING PROCESS

« Consider the modeling process, its

Do research to gather information
Make assumptions and choices

purpose, and the pl’OCESS Of w= Explore alternate solutions
creating models. rre—

of the
« Which elements of modeling are T i by
clear to you, and which are less - Create a
clear as you engage in modeling? ['] shiation
Explain. _
r Modeling l
Process

* Which aspects of modeling do you
think secondary students would
find relevant, and which would
they find challenging? Explain.

Interpret

solutions

and draw
conclusions

Formulate
a model

Solve/
analyze the
model




MODULE($]

Mathematics Of Doing, Understanding, Learning
and Educating for Secondary Schools

N\

THE UNIVERSITY
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The Larger Project
Secondary Mathematics
Teacher Preparation
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= Mathematical
Modeling
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MODULE(S’]

OVERVIEW OF COURSE MATERIALS .
Module 1 Module 2 Module 3
The Process and Purpose of | Incorporating Real Data in Diverse Perspectives in
Mathematical Modeling Mathematical Modeling Mathematical Modeling
1. Ways of Thinking for 1. The Area of Tree Leaves 1. Area of Sioux Reservation
Mathematical Modeling 2. Cooling Coffee Land
2. Fighting Floods with 3. Memorization 2. Thermoclines and Air
Sandbags 4. Pain Medication Pollution
3. Elements of the MM Process 5. Leaky Bucket 3. Energy Saving Light Bulbs
4. Predicting the Evolution of 6. The Lost Cell Phone 4. Flint Water Crisis
STDs 7. The Trapeze and the 5. SIR Disease Transmission
5. Water Conservation Pendulum Models
6. Analyzing Modeling Tasks: Final Project
Rolling Cups
7. Critical Reading of Models:
Muffin Sale

Non-traditional approach to teaching modeling; student-centered curriculum in which PTs create models ‘*'j Award 1726707



CLOSING THOUGHTS

= Developing MMK and MMKT requires deliberate integration of MM
Into teacher preparation coursework.

= PTs benefit from multiple exposures in MM.

= PTs should experience MM as learners, and then extend further to
a professional level in the context of teaching and learning.
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