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The Best Kept Secret 
Mathematical Modeling in the CCSS 

Alternate Title for this Presentation 
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  How do you use  
 mathematics in YOUR  
       everyday life? 
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How do you use  
  mathematics in YOUR  
 everyday life? 

 How would your students 
answer this question? 
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Presentation Goal 
• Transforming the math classroom 

 from a traditional approach to a modeling approach 

• Illustrating mathematical modeling 

• What is mathematical modeling? 
 What does life have to do with it? 
 What does math have to do with it? 

• What is the process of mathematical modeling? 

• Illustrating mathematical modeling 

• What teachers need 

• Life Tour 6	  



In some classrooms a typical lesson begins… 

Standard: 7.G.4 
Solve real-life and mathematical problems involving angle measure, 
area, surface area, and volume. 
4.  Know the formulas for area and circumference of a circle and use them 
to solve problems; give an informal derivation of the relationship between 
the circumference and area of a circle. 

Objective: Students will calculate the areas of circles 
given the diameter of a circle. 

1.  Calculate the area of a circle with diameter 25 cm. 

2.  Calculate the increase in the area of a circle when  
 the diameter increases from 12 inches to 14 inches. 

7	  



Traditional Approach 

 Math  Math  Math  Possible Application 

 Mathematics is learned in a logical, pre-determined order. 
 Application problems are usually contrived, overly guided,  
 or often skipped. 

8	  



A chapter in a typical high school math book is 
sequenced to teach skills and concepts in a structured, 
organized, logical way: 

 • Parts  Whole 

 • Makes sense to the mathematician. 

 • Not questioned by the student who is successful.  

The expectation is that people who know skills well will be 
able to apply the skills and procedures to real world 
situations.  

Does this happen? 
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Polynomials and Factoring 

• Adding and Subtracting Polynomials 
• Multiplying Polynomials 
• Special Products of Polynomials 
• Solving Quadratic Equations in Factored Form 
• Factoring x2 + bx + c 
• Factoring ax2 + bx + c 
• Factoring Special Products 
• Factoring Cubic Polynomials 
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Exponents and Exponential Functions 

• Multiplication Properties of Exponents 
• Zero and Negative Exponents 
• Graphs of Exponential Functions 
• Division Properties of Exponents 
• Scientific Notation 
• Exponential Growth Functions 
• Exponential Decay Functions 
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A Mathematician’s Lament 
 The saddest part of all this “reform” are the attempts to 

“make math interesting” and “relevant to our kids’ lives.” You 
don’t need to make math interesting—it’s already more 
interesting than we can handle! And the glory of it is its 
complete irrelevance to our lives. That’s why its so fun! 

 Attempts to present math relevant to daily life inevitably 
appear forced and contrived. “You see, kids, if you know 
algebra then you can figure out how old Maria is if we know 
that she is two years older than twice her age seven years 
ago!” (As if anyone would ever have access to that ridiculous 
kind of information, and not her age.) Algebra is not about 
daily life, it’s about numbers and symmetry—and this is a 
valid pursuit in and of itself: 

Paul Lockhardt, A Mathematician’s Lament, p.38. 12	  



Inscribe a 8-inch diameter circle in a square. 
Calculate the area of the shaded corner 
regions. 
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Why are round pizzas delivered  
in a square box? 
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What	  is	  the	  best	  deal?	  
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Pizza Deals 
What size pizza is the best deal? 

Medium Cheese = $9.99 
Large Cheese = $11.99 
X-Large Cheese = $13.99 

Medium = 12” diameter (8 slices)  
Large = 14” diameter (10 slices) 
X-Large = 16” diameter (12 slices) 
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WE	  ALL	  	  
	  	  	  	  	  USE	  MATH	  	  
	  	  EVERYDAY	  

	   	  CBS	  •	  Texas	  Instruments	  •	  NCTM	  

Do	  we	  all	  do	  	  
	  	  	  	  	  	  	  	  MATHEMATICAL	  MODELING	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  every	  day?	  
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Do	  we	  all	  do	  	  
	  	  	  	  	  	  	  	  MATHEMATICAL	  MODELING	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  every	  day?	  

More	  oLen	  than	  we	  think.	  	  

	  Just	  not	  in	  the	  classroom.	  	  	  

	   	  Hmmm?	  

	   	   	  Why	  not?	  
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	  Why	  not?	  
Why	  is	  there	  a	  disconnect	  between	  
the	  way	  we	  learn	  and	  teach	  math	  and	  
the	  way	  we	  use	  it	  in	  our	  everyday	  lives	  
and	  careers?	  
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First Belief: SMP 

Authentic implementation of Mathematical 
Modeling in the classroom will incorporate nearly 
all of the Standards for Mathematical Practice.  
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Second Belief: UNDERSTAND 

The closer classroom learning matches real life, 
the more likely students will understand and 
apply what they learn to real-life situations.  
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Third Belief: BALANCE 

Problem-solving and authentic applications are 
under-represented in traditional mathematics 
curriculum and classrooms.  
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Fourth Belief: ATTITUDE 

When you infuse meaning into the learning of 
mathematics… 

 • Reveal aptitudes not typically noticed 
 • Improve attitudes toward mathematics 
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Where do we begin? 

• Begin with life. 

• Begin with a purpose  
      Need or Curiosity 
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 Mathematical modeling  
       begins with life. 

Along with some… 

Practicality 
Curiosity 

Wonder 
Need 

Perplexity 
Dan Meyer 
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Need  
A practical and useful reason to learn mathematics. 

• Problem to solve 
• Situation to understand 
• Decision to make, compare choices 
• Product or process to create or improve 
• Evaluate effectiveness 
• Reveal trends (good and bad) 
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Curiosity 
Sometimes you just want an answer to your  
question or you want to understand something 
better. 

• “I wonder…” 
• Answer a question. 
• Understand how or why something is the way  
  that it is. 

 - How does a satellite dish work? 
 - How does a spy listening device work? 
 - How does a web search work? 
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A Plethora of Views • Peter Galbraith 
As we are well aware the number of papers and research reports 
addressing the theory and/or practice of mathematical modelling with 
some form of connection to education has been growing astronomically. A 
short web-search, combining ‘mathematical modelling’ (both spellings) 
with ‘education’ elicited about 23 000 references; if model* was used in 
place of modelling the number increased to about 14.5 million. Small 
wonder then that educational publications have been increasingly 
featuring articles emerging from this field, even less that such a plethora 
of views are presented that even those experienced in the field can 
become disoriented, let alone those feeling their way in a new area.   

Models of Modelling: Genres, Purposes or Perspectives, Peter Galbraith, University of 
Queensland, Journal of Mathematical Modeling and Application, 2012, Vol. 1, No. 5, p.3. 
http://proxy.furb.br/ojs/index.php/modelling/article/view/2895 

30	  



What	  is	  	  
	   	  NOT	  mathema*cal	  
	   	   	  	  	  	   	  modeling?	  

• It is NOT showing students how to do a procedure. 
• It is NOT the use of manipulatives. 
• It is NOT modeling just because the textbook says so. 
• It is NOT modeling because the word “model” appears. 
• It is MORE THAN using mathematical models such as  
  tables, graphs, equations, drawings, etc. 
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What is mathematical modeling  
   according to the CCSS? 

• Standards for Mathematical Practice, K-12 

• Conceptual Category for High School, 9-12 
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Standards for Mathematical Practice 
1  Make sense of problems and persevere in solving them. 

2  Reason abstractly and quantitatively. 

3  Construct viable arguments and critique the reasoning 
of others. 

4  Model with mathematics. 

5  Use appropriate tools strategically. 

6  Attend to precision. 

7  Look for and make use of structure. 

8  Look for and express regularity in repeated reasoning. 
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4. Model with mathematics. 

Mathematically proficient students can apply the 
mathematics they know to solve problems arising in 
everyday life, society, and the workplace. 	  

Standards for Mathematical Practice, CCSS 
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Mathematically proficient students who can apply what they 
know, are comfortable making assumptions and 
approximations to simplify a complicated situation, realizing 
that these may need revision later. They are able to identify 
important quantities in a practical situation and map their 
relationships using such tools as diagrams, two-way tables, 
graphs, flowcharts and formulas. They can analyze those 
relationships mathematically to draw conclusions. They 
routinely interpret their mathematical results in the context of 
the situation and reflect on whether the results make sense, 
possibly improving the model if it has not served its purpose. 

How is this different from the traditional 
way that mathematics is usually taught in 
middle school and high school? 
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Mathematically proficient students who can apply what they 
know, are comfortable making assumptions and 
approximations to simplify a complicated situation, realizing 
that these may need revision later. They are able to identify 
important quantities in a practical situation and map their 
relationships using such tools as diagrams, two-way tables, 
graphs, flowcharts and formulas. They can analyze those 
relationships mathematically to draw conclusions. They 
routinely interpret their mathematical results in the context of 
the situation and reflect on whether the results make sense, 
possibly improving the model if it has not served its purpose. 
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Conceptual	  Categories	  
Grades	  9-‐12	  

•  Number	  and	  Quan*ty	  (N)	  

•  Algebra	  (A)	  
•  Func*ons	  (F)	  

•  Geometry	  (G)	  

•  Modeling	  (*)	  

•  Sta*s*cs	  and	  Probability	  (S)	  
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Conceptual Category 
Domain 

Cluster Heading 

Standard F.IF.1 

Standard F.IF.2 

Standard F.IF.3 

Modeling Symbol * 
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Conceptual Category: Mathematical Modeling 

Modeling links classroom mathematics and statistics to everyday life, 
work and decision-making. Modeling is the process of choosing and 
using appropriate mathematics and statistics to analyze empirical 
situations, to understand them better, and to improve decisions. 
Quantities and their relationships in physical, economic, public 
policy, social and everyday situations can be modeled using 
mathematical and statistical methods. When making mathematical 
models, technology is valuable for varying assumptions, exploring 
consequences, and comparing predictions with data.  

…Real-world situations are not organized and labeled for analysis; 
formulating tractable models, representing such models, and 
analyzing them is appropriately a creative process. Like every such 
process, this depends on acquired expertise as well as creativity. 

CCSS-Mathematics 
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Smarter Balanced Assessment Consortium 
Draft Content Specifications • March 20, 2012 

Claim #1:  CONCEPTS AND PROCEDURES 
Students can explain and apply mathematical concepts and carry out 
mathematical procedures with precision and fluency. 

Claim #2:  PROBLEM SOLVING 
Students can solve a range of complex well-posed problems in pure and applied 
mathematics, making productive use of knowledge and problem solving 
strategies.  (The challenge is in identifying or using an appropriate solution path.) 

Claim #3:  COMMUNICATING REASONING  
Students can clearly and precisely construct viable arguments to support their 
own reasoning and to critique the reasoning of others. 

Claim #4:  MODELING AND DATA  ANALYSIS 
Students can analyze complex, real-world scenarios and can construct and use 
mathematical models to interpret and solve problems. 
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Rationale for Claim #4 
Smarter Balanced Assessment Consortium 

Draft Content Specifications 

Modeling is the bridge across the “school math”/”real world” 
divide that has been missing from many mathematics 
curricula and assessments.  

In the real world problems do not come neatly “packaged.” 
Real world problems are complex, and often contain 
insufficient or superfluous data. Assessment tasks will involve 
formulating a problem that is tractable using mathematics—
that is, formulating a model. This will usually involve making 
assumptions and simplifications. Students will need to select 
from data at hand, or estimate data that are missing. (Such 
tasks are therefore distinct from the problem solving tasks 
described in Claim #2, that are well-formulated.) 
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What	  is	  mathema*cal	  modeling?	  

“Mathema3cal	  modeling	  is	  the	  process	  by	  which	  
students	  encounter	  a	  real-‐world	  situa3on,	  pose	  a	  
ques3on	  regarding	  the	  situa3on,	  and	  use	  mathema3cs	  
to	  seek	  an	  answer	  to	  the	  ques3on.	  Mathema3cal	  
modeling	  involves	  iden3fying	  the	  relevant	  features	  
symbolically,	  analyzing	  the	  model,	  and	  considering	  the	  
accuracy	  and	  limita3ons	  of	  that	  model.”	  

ALributed	  to	  NCTM,	  2000.	  

Reference:	  Teacher’s	  Edi3on:	  Modeling	  With	  Mathema3cs:	  A	  Bridge	  to	  Algebra	  II,	  W.H.	  
Freeman	  and	  Co.,	  2006,	  p.T6.	  
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What	  is	  mathema*cal	  modeling?	  

According	  to	  Joshua	  Paul	  Abrams,	  a	  teacher	  of	  
mathema3cal	  modeling:	  

“Mathema*cal	  modeling	  is	  the	  process	  of	  using	  
mathema3cs	  to	  study	  a	  ques3on	  from	  outside	  the	  field	  
of	  mathema3cs.	  A	  mathema*cal	  model	  is	  a	  
representa*on	  of	  a	  par3cular	  phenomenon	  using	  
structures	  such	  as	  graphs,	  equa3ons	  or	  algorithms.”	  

Joshua	  Paul	  Abrams,	  Mathema3cal	  Modeling,	  2001.	  p.2..	  
Meridian	  Academy,	  Brookline,	  MA	  
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“They	  [students]	  should	  spend	  considerable	  3me	  using	  
math	  to	  resolve	  problems	  for	  which	  mathema3cs	  is	  
neither	  the	  ini3al	  source	  of	  their	  mo3va3on	  nor	  the	  end	  
result.	  When	  we	  teach	  mathema3cs	  as	  an	  intellectual	  
lens	  through	  which	  non-‐mathema3cal	  ques3ons	  can	  be	  
examined,	  then	  we	  are	  providing	  our	  students	  with	  an	  
educa3on	  that	  will	  serve	  them	  and	  our	  society	  
throughout	  their	  lives.”	  

Joshua	  Paul	  Abrams,	  Mathema3cal	  Modeling,	  2001,	  p.4..	  
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What	  is	  mathema*cal	  	  
	   	   	   	   	   	   	  modeling?	  

	   	  According	  to	  Henry	  Pollak:	  

“Every	  applica3on	  of	  mathema3cs	  uses	  mathema3cs	  to	  
understand	  or	  evaluate	  or	  predict	  something	  in	  the	  part	  
of	  the	  world	  outside	  of	  mathema3cs.	  What	  
dis3nguishes	  modeling	  from	  other	  forms	  of	  applica3ons	  
of	  mathema3cs	  are…	  
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(1)	  explicit	  aLen3on	  at	  the	  beginning	  of	  the	  process	  of	  
gebng	  from	  the	  problem	  outside	  of	  mathema3cs	  to	  its	  
mathema3cal	  founda3on	  and	  

(2)	  an	  explicit	  reconcilia3on	  between	  the	  mathema3cs	  
and	  the	  real-‐world	  situa3on	  at	  the	  end.	  Throughout	  the	  
modeling	  process,	  considera3on	  is	  given	  to	  both	  the	  
external	  world	  and	  the	  mathema3cs,	  and	  the	  results	  
have	  to	  be	  both	  mathema3cally	  correct	  and	  reasonable	  
in	  a	  real-‐world	  context.”	  

Henry	  Pollak,	  A	  History	  of	  the	  Teaching	  of	  Modeling.	  
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	  What	  is	  	  
	   	   	   	  the	  process	  of	  
mathema*cal	  	   	   	  	  	  	  
	  modeling?	  
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Mathematical Modeling Process 
CCSS Conceptual Category 

(1) identifying variables in the situation and selecting those that 
represent essential features,  
(2) formulating a model by creating and selecting geometric, 
graphical, tabular, algebraic, or statistical representations that 
describe relationships between the variables,  
(3) analyzing and performing operations on these relationships to 
draw conclusions,  
(4) interpreting the results of the mathematics in terms of the original 
situation,  
(5) validating the conclusions by comparing them with the situation, 
and then either improving the model or, if it is acceptable,  
(6) reporting on the conclusions and the reasoning behind them.   
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Mathematical Modeling Process 
CCSS Conceptual Category 
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Mathema*cal	  Modeling	  
2010/2011	  Mathema*cal	  Modeling	  Task	  Force	  

“Mathema*cal	  modeling	  is	  the	  link	  between	  
mathema*cs	  and	  the	  rest	  of	  the	  world.”	  	  
Meerschaert,	  M.,	  Mathema*cal	  Modeling,	  Elsevier	  Science,	  2010	  

The	  process	  of	  beginning	  with	  a	  situa*on	  and	  gaining	  
understanding	  about	  that	  situa*on	  is	  generally	  
referred	  to	  as	  “modeling.”	  If	  the	  understanding	  comes	  
about	  through	  the	  use	  of	  mathema*cs,	  the	  process	  is	  
known	  as	  mathema*cal	  modeling.	  	  
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Mathema*cal	  Modeling	  
2010/2011	  Mathema*cal	  Modeling	  Task	  Force	  

Step	  1.	  	  Iden*fy	  a	  situa*on.	  No*ce	  something	  that	  
you	  wish	  to	  understand,	  and	  pose	  a	  well-‐defined	  
ques*on	  indica*ng	  exactly	  what	  you	  wish	  to	  
understand.	  
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Mathema*cal	  Modeling	  
2010/2011	  Mathema*cal	  Modeling	  Task	  Force	  

Step	  2.	  	  Simplify	  the	  situa*on.	  List	  the	  key	  features	  
(and	  rela*onships	  among	  those	  features)	  that	  you	  
wish	  to	  include	  for	  considera*on.	  	  These	  are	  the	  
assump*ons	  on	  which	  your	  model	  will	  rest.	  	  Also	  note	  
features	  and	  rela*onships	  you	  choose	  to	  ignore	  for	  
now.	  
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Mathema*cal	  Modeling	  
2010/2011	  Mathema*cal	  Modeling	  Task	  Force	  

Step	  3.	  	  Build	  the	  model.	  	  Solve	  the	  problem.	  Interpret	  
in	  mathema*cal	  terms	  the	  features	  and	  rela*onships	  
you	  have	  chosen.	  	  (Define	  variables,	  write	  equa*ons,	  
draw	  shapes,	  measure	  objects,	  calculate	  probabili*es,	  
gather	  data	  and	  organize	  into	  tables,	  make	  graphs,	  
etc.).	  	  That	  is	  the	  model.	  	  Then,	  apply	  the	  model	  and	  
solve	  the	  problem.	  	  (Solve	  the	  equa*on,	  draw	  
inferences	  from	  paferns	  in	  the	  data,	  compare	  results	  
to	  a	  standard	  result,	  etc.).	  
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Mathema*cal	  Modeling	  
2010/2011	  Mathema*cal	  Modeling	  Task	  Force	  

Step	  4.	  	  Evaluate	  and	  revise	  the	  model.	  Go	  back	  to	  the	  
original	  situa*on	  and	  see	  if	  results	  of	  mathema*cal	  
work	  make	  sense.	  	  If	  so,	  use	  the	  model	  un*l	  new	  
informa*on	  becomes	  available	  or	  assump*ons	  
change.	  	  If	  not,	  reconsider	  the	  assump*ons	  you	  made	  
in	  step	  2	  and	  revise	  them	  to	  be	  more	  realis*c.	  

54	  



Hugh Burkhardt, Shell Centre 
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Insert Cathy Humphries 

Cathy Humphries 
Insidemathematics.org 

56	  



Modeling	  In	  a	  Nutshell	  
Start	  With	  Life	  
•	  Problem	  to	  solve,	  ques3on	  to	  answer,	  decision	  to	  make,	  	  

	  real-‐life	  situa3on	  to	  understand.	  
•	  Life	  can	  be	  complex	  	  Simplify!	  

Do	  The	  Math!	  
•	  Use	  available	  tools,	  models,	  representa3ons.	  
•	  Learn	  new	  ones	  (and	  the	  requisite	  mathema3cs)	  
•	  ALend	  to	  accuracy,	  appropriateness,	  relevance,	  reasonableness	  

Check	  Back	  With	  Life	  
•	  Apply,	  revise,	  extend.	  
•	  Cycle	  through	  the	  process	  as	  many	  3mes	  as	  needed.	  
•	  Act	  upon	  the	  results.	  Decide,	  answer,	  report.	  
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Mathema*cal	  Modeling	  Process	  

1) 	  Begin	  with	  a	  real-‐world	  situa*on.	  
	  Problem	  to	  solve	  •	  Situa*on	  to	  understand	  •	  Decision	  to	  make	  
	  Product	  or	  process	  to	  create	  or	  improve	  •	  Ques*on	  to	  answer	  •	  “I	  wonder…”	  
	  May	  want	  to	  re-‐visit	  and	  change	  

2) 	  Iden*fy	  key	  factors	  and	  simplify.	  
	  Variables	  •	  Assump*ons	  •	  Features	  to	  ignore	  
	  May	  want	  to	  re-‐visit	  and	  change.	  

3) 	  Create	  and	  solve	  mathema*cal	  models.	  
	  Pictures	  •	  Drawings	  •	  Graphs	  •	  Equa*ons	  •	  Tables	  •	  Spreadsheets	  •	  Maps	  
	  Apply	  and/or	  learn	  relevant	  mathema;cs	  (in	  context!)	  

4) 	  Analyze	  the	  result.	  
	  Will	  it	  work?	  •	  Is	  it	  doable?	  •	  Simplify?	  •	  Add	  back	  complexity?	  
	  Change	  the	  ques*on?	  •	  Change	  assump*ons?	  •	  Change	  the	  model?	  	  

5) 	  Report	  and	  support	  your	  results.	  Implement.	  
	  Get	  feedback	  •	  Accept	  sugges*ons	  •	  Act	  
	   	   	   	   	   	   	   	   	   	   	   	  Bruce	  Grip	  DRAFT	  Version,	  2013	  
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Traditional Approach and Modeling Approach 

Traditional 
 Math  Math  Math  Possible Application 
 Mathematics is learned in a logical, pre-determined order. 
 Application problems are usually contrived, overly guided,  
 or often skipped. 

Math Modeling 
 Life  Math  Life  Extend to Other Contexts 
 Models and mathematics applied to one context may be adapted to other  
 contexts. Original context may need to be simplified to apply useful 
 mathematics. New mathematics may need to be learned. 
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Connecting Mathematics, Meaning and Life 

• Typically CCSS Mathematical Modeling expects students 
to apply mathematics already learned. 

• Modeling provides also an opportunity to teach new 
mathematics and a reason to learn the math. 

• Many models and skills are transferable to other 
contexts. The practicing of skills is now meaningful. 
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I want students (and teachers) 
   to see life  
 through the lens of mathematics. 
     Bring mathematics to life! 
     (Mathematical Modeling!) 

   I want teachers 
  to see mathematics 
       through  
    the lens of life! 
     Bring life to mathematics! 
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Mathematical Modeling Process 
Step 1: Begin with a real-world situation 

 Problem to solve 
  Situation to understand 
 Question to answer 
  Decision to make 
 Product or process to invent or improve 
  Product or plan to compare 
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Question or Decision 
Can I make a living selling hot dogs? 
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Mathematical Modeling Process 
Step 2: Identify key factors and simplify. 

 Factors to consider 
  Identify important variables 

  Make assumptions as needed 
  Decide which features to ignore 
 Decide upon criteria. 
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What do I need to consider? 

• Variables? 
 May be added throughout the process 

• Criteria?  
 May be revised as needed 

• Assumptions?  
 What about the things we do not know? 
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How can I simplify? 

• What variables will I ignore? (may re-visit) 

• What assumptions will I make? (may re-visit) 

• Do I need to modify the question? 
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How can I simplify? 

Adjust the question.  
Make the question more specific. 

How many hot dogs do I need to sell each week 
to make $100 per week? 
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Business Situation: Identify Variables 

Fixed costs 
  Rent, permits, insurance 
Variable costs 
  Food, condiments, paper 
Total cost 
  Total of fixed and variable cost 
Revenue 
  Determine price 
Profit 
  Difference between revenue and cost 
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Business Situation: Simplify and Assume 

Fixed costs = $60/week    
  Rent, permits, insurance 
Variable costs = $0.85/hot dog 
  Food, condiments, paper 
Total cost = Fixed cost + Variable cost 
Revenue = $1.50 per hot dog 
  Involves price and quantity. 
Profit = goal is $100/week 
  Profit = Revenue – Cost 
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Mathematical Modeling Process 
Step 3: Create and solve mathematical models. 

 Pictures • Drawings • Maps 
  Tables • Spreadsheets 
 Functions • Equations • Graphs 
  Technology Tools 
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Mathematical Modeling Process 
Step 3: Create and solve mathematical models. 

 Pictures • Drawings • Maps 
  Tables • Spreadsheets 
 Functions • Equations • Graphs 
  Technology Tools 

     Fixed costs = $60/week    
        

     Variable costs = $0.85/hot dog 
       
     Revenue = $1.50 per hot dog 
       
     Profit = goal is $100/week 

     Total cost = Fixed cost + Variable cost 
       71	  



Mathematical Modeling Process 
Step 3: Create and solve mathematical models. 

• Most will solve for a single case and not generalize. 

• Build a table (organized or guess-and-check) incorporating number 
of hot dogs, cost, revenue and profit  
• Express cost as a function combining fixed and variable costs  
• Express revenue as a function  
• Build an Excel spreadsheet using the functions  
• Enter the functions into a graphing utility or graphing calculator 
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Create Models and Solve 

Business Situation: Use Models to Solve 

• Single case calculation. 
• Represent as a table (adaptive, sequential) 
• Generalize as a function, solve an equation.  
• Generalize as a graph (solve or compare). 
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Business Situation 

Use a table to solve 

• Guess and check method. 

• Structured, sequential table, evaluating expressions 

• Excel spreadsheet, graphing calculator, Geogebra 

• Evaluating expressions, estimate domain/range 

• Check for structure and repeated reasoning 
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I can represent the relationships using a table/spreadsheet: 
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Business Situation 

Symbolic method of solution. 

• Solve equations or a system of equations. 

• Solve linear inequalities. 

• Combine alike terms.  

• Use the distributive property. 

• Represent using meaningful function notation. 
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Business Situation 
Fixed costs = $60/week    
  Rent, permits, insurance 
Variable costs = $0.85/hot dog 
  Food, condiments, paper 
Total cost = Fixed cost + Variable cost 
Revenue = $1.50 per hot dog 
  Involves price and quantity. 
Profit = goal = $100/week 
  Profit = Revenue – Cost 

r(h) = 1.50h 
c(h) = 0.85h + 60 
Profit = Revenue - Cost 
p(h) = r(h) – c(h) = 1.50h – (0.85h + 60) = 0.65h - 60 
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Business Situation 

Desired Profit of $100 per week 
Profit = Revenue – Cost 
p(h) = r(h) – c(h) 
p(h) = 1.50h – (0.85h + 60) 
p(h) = 0.65h – 60 
100 = 0.65h – 60 
160 = 0.65h 
h = 247 hot dogs 

Is this reasonable? What if we change the price? 
Costs? Profit needed? 
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Business Situation 

Use graph to solve and compare. 

• Utilize graphing application 

• What is the meaning of point? Intercepts? Slope? 

• How do I change? What would change in context? 

• If I make such change in context, how will I notice in  
    a change in the graph? 

• Discuss adding, subtracting and substituting. 

• Discuss discrete vs. continuous, domain, range. 
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I can represent the relationships using a graphing utility: 
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Hot Dog 

What mathematics did we encounter? 

Which Standards for Mathematical Practice? 

What extensions? 

How did we experience mathematical modeling as a 
process? (What more do we need to do?) 
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Standards for Mathematical Practice 
1  Make sense of problems and persevere in solving them. 

2  Reason abstractly and quantitatively. 

3  Construct viable arguments and critique the reasoning 
of others. 

4  Model with mathematics. 

5  Use appropriate tools strategically. 

6  Attend to precision. 

7  Look for and make use of structure. 

8  Look for and express regularity in repeated reasoning. 
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Soda	  Can	  12-‐pack	  
Step	  1.	  	  Iden*fy	  a	  situa*on.	  No*ce	  something	  that	  you	  
wish	  to	  understand,	  and	  pose	  a	  well-‐defined	  ques*on	  
indica*ng	  exactly	  what	  you	  wish	  to	  understand.	  



Soda	  Can	  Packaging	  
Is	  there	  a	  beLer	  way	  	  
	   	  to	  package	  soda	  cans?	  

What	  is	  the	  best	   	  
	   	  way	  to	  package	  

soda	  cans?	  



Modeling	  Soda	  Cans	  

What do we mean by “better?” 

How will we  
 know  

when we have  
  found the  
 best? 



What	  criteria?	  

What	  assump*ons?	  

How	  will	  we	  simplify?	  

Befer	  than	  what?	  



What	  is	  best?	  What	  is	  efficient?	  

Efficient =  

Efficient =  

Space Used 
Space Available 

Area of Cans 
Area of Polygon 



Standard	  Six	  Pack	  



Triangular	  Six	  Pack	  









Parallelo-‐Pack	  



Hexagonal	  Seven	  Pack	  





Design	  1	  SEVEN	  PACK	  



DESIGN	  2	  TWELVE	  PACK	  



COMPARING	  

•  The	  seven	  pack	  has	  an	  efficiency	  of	  85%.	  
•  The	  twelve	  pack	  has	  an	  efficiency	  of	  86%.	  

•  They	  are	  both	  more	  efficient	  than	  the	  
rectangular	  six	  pack.	  



Our	  Challenge	  As	  Teachers	  
Modeling	  •	  Teaching	  Math	  •	  Teaching	  Modeling	  

Mathema*cs	  Teacher	  and	  Curriculum	  Writer	  
-‐	  Begins	  with	  mathema3cs	  (content	  standards).	  
-‐	  Focus	  on	  mathema3cs;	  uses	  applica3ons	  to	  illustrate,	  
mo3vate,	  develop	  or	  understand	  mathema3cs.	  
-‐	  Expected	  outcome	  is	  deeper	  understanding	  of	  the	  math	  

Modeler	  and	  Modeling	  
-‐	  Begins	  with	  life.	  (Math	  provides	  the	  tools	  and	  pathways.)	  
-‐	  Focus	  on	  understanding	  or	  solving	  a	  life	  problem	  or	  
improving	  a	  product	  or	  situa3on.	  
-‐	  Leads	  to	  a	  solu3on,	  decision,	  recommenda3on,	  	  

	  modifica3on,	  plan	   99	  
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The authorities of four towns are planning to build 
an airport that will serve the needs of their 
citizens. Identify the optimal place for the airport 
location so that the needs of the four towns are 
served in a fair way. Send a letter to the Ministry 
of Transportation explaining and documenting 
your solution.  

The problem was open-ended and purposefully not well defined. Thus, 
students had to provide necessary hypotheses in order to clarify the problem 
situation. 

Build An Airport 

Mousoulides, Nicholas G., Cyprus University of Technology, Cyprus, “Geogebra As a Conceptual 
Tool for Modeling Real World Problems.” 101	  



What mathematics do you see? 
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My	  wife	  had	  two	  coupons	  
when	  she	  bought	  her	  shoes	  
at	  the	  department	  store.	  	  

What	  mathema*cs	  do	  you	  
see?	  
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Which is the 
better deal? 

Buy 3 to get 2 free? 

 OR 

Buy 2 to get 1 free? 
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What 
mathematics  
do you see? 

Saturday, Feb. 16, 2013 
THE TRIBUNE 
San Luis Obispo, CA 
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Van’s	  Skate	  Park	  

SESSION FEES 
$5.00 per session for members. 
$12.00 per session for non-members. 
$25.00 annual membership fee 
$299.00 annual unlimited use fee  

Equipment rental is extra. 

What is my annual cost for 
sessions at Van’s Skatepark? 

Should I become a member? 

Use mathematics to support your 
answer and your decision. 
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Amusement Park 
How much will it cost me for rides  
at the amusement park? 

Deluxe Bracelet = $14.75 
Includes all midway rides. 

Limited Bracelet = $11.75 
All midway rides excluding: 
Screaming Eagle, Disk-o, 
Bumper Cars, Roller Coaster 

Individual Ride Tickets 
 1 for $2.25 
 7 for $13.00 

http://www.oakspark.com/prices.html 

GOLF TICKET 
$6.00/Adult 
$3.00/Kids 5 and under 

GO KART TICKET 
$5.00/driver 
$2.00/passenger 
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The	  auto	  dealer	  is	  offering	  a	  cash	  rebate	  of	  $1,000	  or	  
aLrac3ve	  interest	  rates	  of	  1.9%	  for	  a	  36-‐month	  loan,	  
3.9%	  for	  a	  48-‐month	  loan	  and	  5.9%	  for	  a	  60-‐month	  loan.	  
What	  is	  the	  best	  choice?	  

Buying	  a	  Car	  
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Tetracycline Hydrochloride 
Pharmacokinetics 
Absorption: 75–80% of dose absorbed.  
Peak: 2–4 hours.  
Distribution: Widely distributed, preferentially binds to rapid growing 
tissues; crosses placenta; enters breast milk.  
Metabolism: Not metabolized; enterohepatic cycling.  
Elimination: 50–60% in urine within 72 hours.  
Half-Life: 6–12 hours 

http://www.medpill.info/tetracycline-hydrochloride-1925.htm 
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Trauma	  Center	  

A	  trauma	  center	  serves	  several	  communi3es.	  Suppose	  a	  
group	  of	  small	  towns	  agree	  to	  fund	  and	  build	  a	  regional	  
trauma	  center.	  How	  do	  you	  determine	  the	  best	  loca3on?	  
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I am watching the Olympic trials for the U.S. The race is about 
to begin and the announcer is telling us the woman in lane 8 
has the advantage of getting to the straightaway first and that 
is her strength. Does she run a shorter distance to get to the 
straight part of the track? 

NBC, June 30, 2012, 9:55 p.m. 
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Is Cha-Cha another possible 
source of modeling problems? 
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Contexts	  for	  Modeling	  

•  Birthday	  Party	  
•  Silkscreen	  T-‐shirts	  
•  Health	  Club	  
•  Carnival	  Rides	  
•  College	  Tui3on	  
•  Cell	  Phone	  Plans	  
•  Text	  Message	  Plans	  

•  Pay-‐Per-‐View	  Plans	  
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Parabolic	  	  Microphone	  
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Building a small room within a gallery for my daughter’s art 
show. How did we make sure all angles are right angles? 
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Florida	  Officials	  Ask	  District	  To	  Inves*gate	  	  
High	  Number	  Of	  Test	  Erasures.	  

The	  Florida	  Times-‐Union	  (6/17,	  Palka)	  reports	  that	  Florida	  "educa3on	  
officials	  have	  asked	  Duval	  County	  Public	  Schools	  to	  inves3gate	  test	  
documents	  with	  'extremely	  unusual	  levels	  of	  erasures'	  at	  one	  
school."	  The	  state	  sent	  similar	  no3fica3ons	  to	  13	  other	  districts.	  
Sta3s3cal	  analysis	  of	  tests	  "was	  based	  on	  an	  examina3on	  of	  the	  rates	  
of	  answers	  being	  changed	  from	  wrong	  to	  right,	  while	  also	  taking	  into	  
account	  other	  erasure	  types,	  according	  to	  a	  template	  memo	  sent	  to	  
the	  districts.	  The	  erasure	  rate	  was	  at	  least	  at	  a	  'level	  of	  erasures	  that	  
would	  be	  expected	  to	  occur	  once	  in	  a	  trillion	  3mes	  when	  tests	  are	  
taken	  under	  standardized	  condi3ons,'	  according	  to	  the	  memo,	  which	  
was	  dated	  June	  9."	  
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Number In 
Poverty 

TABLE 24 
NOTE: Number in 
thousands, confidence 
intervals (C.I.) in 
thousands or percentage 
points as appropriate.  

http://www.census.gov/
hhes/www/poverty/data/
historical/people.html 

120	  



121	  



122	  



101qs.com 123	  



Mathematical Modeling Notes 

1) Some real-world mathematical modeling problems can be solved in 
minutes using simple mathematics. Some may require several months 
and involve complex mathematics. 

2) Mathematical modeling serves at least two purposes in the 
mathematics curriculum: 

 - Apply, in novel situations, mathematics already learned. 
 - Provide a motivation to learn new mathematics. 

3) If the mathematical modeling process is used to achieve a 
mathematical goal (content standards), then teachers and curriculum 
writers will need to anticipate the mathematics likely to arise from a 
particular context. (Be ready and willing to be surprised by the 
mathematics you encounter.)  
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Mathematical Modeling Notes 

4) The process of mathematical modeling may involve a lot of time, may 
involve ways of learning unfamiliar to many teachers, and may lead to 
mathematics unfamiliar to many teachers. 

5) Teachers will guide the process. How much students are involved in 
each step of the process will depend on the facilitative skills of the 
teacher and on choices made by the teacher. 

6) Real-world problems may involve multiple content standards from 
different conceptual categories (number and quantity, algebra, functions, 
geometry, probability and statistics). 
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Mathematical Modeling Notes 

7) The development and practice of important skills is more meaningful 
when students see the skills are relevant to solving real-world problems. 
Skill development does not have to precede problem solving but can be 
woven into the process of solving problems using mathematical 
modeling. 

8) We all do mathematical modeling every day. Learning the process of 
mathematical modeling and applying it in the classroom will take time. Do 
not rush it. Do not ignore it. Collaborate with colleagues (and your 
students) and embrace a way of learning mathematics that connects the 
math to the real world. 

9) Whimsical problems, contrived problems, pure math problems can also 
be valuable and fun. Sometimes exploration of pure mathematics leads to 
real-life applications. 
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I want students (and teachers) 
   to see life  
 through the lens of mathematics. 
     Bring mathematics to life! 
     (Mathematical Modeling!) 

   I want teachers 
  to see mathematics 
       through  
    the lens of life! 
     Bring life to mathematics! 
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Mathematical Modeling, like many things 
worth doing, is not built in a day. 

Wherever you are, take the next step. 

Together. 
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