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Agenda
Do some math 

Talk about what we did
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How to “connect” formal mathematics with 
students’ lived experiences?
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• Structure without structuring 

• Mathematics is disconnected from 
lived reality 

• Math is seen as meaningless 

• Little opportunity to participate in 
mathematical practices
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Formal mathematics 
• Potentially very general 
• Far removed from context

Better! But still… 

• Not enough structuring 

• There is a big jump from lived experiences 
to formal mathematics – often too big  

• Ultimately, formal mathematics is the only 
tool that students have to solve problems

“discovery” sequence
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Formal mathematics 
• Potentially very general 
• Far removed from context

• Generalizable, but still 
retain contextual cues 

• Models for mathematics

the “pre-formal” layer

Lived experiences 
• Contain mathematical 

principles 
• Context-bound 
• Models of a situation
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“Pre-formal” models
…	 help students learn 

mathematics

…	 are tools that students 
can use to do math

Structure and meaning 
of algebra equations

Strategies to solve 
algebra equations



Two models for 
algebra equations
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objects 
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a process  

that describes how an 
unknown is changed
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and 
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The equation represents  
objects 
that are  

grouped & compared

The equation represents 
a process  

that describes how an 
unknown is changed

“Three x’s and two ones are 
the same as eight ones.”

“Start with a number. Multiply 
it by three. Add two. You end 
up with 8. What number did 

you start with?”

Structure 
and 

meaning

Models



The equation represents  
objects 
that are  

grouped & compared

The equation represents 
a process  

that describes how an 
unknown is changed

Structure 
and 

meaning

Strategy Balance:  
Make simpler equations 
by doing the same thing 

to both sides

Backtrack: 
Work backwards from 

the end, using opposite 
operations to undo. 
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I"charge"
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How$much$money$does$the$pirate$need$to$be$able$to$get$to$the$hotel$and$stay$for$one$night?$

Hotel:"
$25"

dollars"
per"night"

Algebra(1:(Number(tricks,(arrow(chains,(and(algebra(equations(((

We can represent number tricks three ways: in words, with arrow chains, and as algebra equations.  
Complete the table below by converting between these forms.  Then, use backtracking on the 
arrow chain to solve the equation.  The first row has been completed for you. 

 

Words Arrow chain Algebra equation Solution 

Start with a 
number 

Multiply by 2 

Subtract 6 

End up with 4 

 
 

 
 

2! − 6 = 4 ! = 5 
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Start 
• Activities are “experientially real” 

for students 
• Informal models of the situation 

can become “preformal” 
models for mathematics 

The “pre-formal” layer 
• Spend lots of time solving 

problems using models 
• Goal: Models become “tools to 

think with” 

Connect to formal 
• Squiggle between models and 

formal

Instructional sequences
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One piece of fruit can be 
weighed directly 

One piece can’t be 
weighted directly, but 
multiple pieces can. 

Need to use weights on 
both sides
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Montana Educator’s Conference 2018: Building meaning into algebra equations 
Frederick Peck, University of Montana 

www.fapeck.com   |   www.RMEintheclassroom.com 

PROBLEM ONE: RICE 
Imagine that you sell bananas.  You use a balance scale to weigh the bananas.  You have (only) the following weights 
available: 

Two 1g weights One 5g weight One 10g weight One 50g weight 

    

A customer comes in and wants to buy 39g of bananas.  On the balance scale below, show how you can weigh 39g of 
bananas. 

 

 

PROBLEM TWO: PEARS 

Balance scale A Balance Scale B 

  

Which balance scale can you use to find the weight of one pear: Balance Scale A or Balance Scale B? Explain why you 
chose the scale that you did 

 

 

PROBLEM THREE: KEEPING THE BALANCE 

This scale is balanced: 

 

What would the scale look like if you added 1g on the left 
side? Draw a picture below: 

 

Describe two ways that you could make the scale balance 
again.  

 

Montana Educator’s Conference 2018: Building meaning into algebra equations 
Frederick Peck, University of Montana 

www.fapeck.com   |   www.RMEintheclassroom.com 

PROBLEM FOUR: IS IT BALANCED? 
For each pair of scales below, the top scale is balanced. Will the bottom scale be balanced? How do you know?  

(a) This scale is balanced 

 

 Will this be balanced?  

 

How do you know?  

 

 
 

 

(b) This scale is balanced 

 

 Will this be balanced?  

 

How do you know?  

 

 
 

 

CHALLENGE PROBLEM 
Go back to problem 1. Make a list of all the banana weights that you can measure using your weights. How do you know 
that you have all of them?  

  

? ?

?

? ?

?

? ?

?
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Montana Educator’s Conference 2018: Building meaning into algebra equations 
Frederick Peck, University of Montana 
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PROBLEM FIVE: EQUATIONS ON THE BALANCE SCALE 
 

1. Use the balance scale on the right to model the equation,  

3" + 2 = 8 

 

 

2. Then, use balance strategies to solve for ". For each step, draw the balance scale, write the equation, and explain 

your reasoning.  

Step 1:   

  

Equation: _______________________ 

What did you do? 

 

Why will the scale remain balanced? 

   

Step 2:   

  

Equation: _______________________ 

What did you do? 

 

Why will the scale remain balanced? 

   

Step 3:   

  

Equation: _______________________ 

What did you do? 

 

Why will the scale remain balanced? 

 

 

" = _________________ 
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Extensions

Draw an arrow chain for each equation



Extensions

Arrow chains for 
functions



Extensions

Balance models for systems of equations



Thank-you!
Fred Peck 

frederick.peck@umontana.edu 

www.RMEintheclassroom.com

The Masters of Ar ts in Teaching School Mathematics is
focused on what teachers actually do. Our courses weave
together math content and practice-based strategies for
math teaching to deepen your understanding of the content
you teach, and strengthen your teaching. Courses are
differentiated to accommodate teachers of all levels, K-12

An MA degree for math teachers

• Most courses are held during the summer
• All courses are fully online
• Easy to apply—no GRE required

LEARN MORE AND APPLY ONLINE:
http://hs.umt.edu/math/graduate/ma-teaching.php

Sample schedule

Designed with teachers in mind

2
YEARS

TO COMPLETE DEGREE

$10,500
AVERAGE SALARY INCREASE

FOR MONTANA TEACHERS WITH A 
MASTERS DEGREE

7:1
STUDENT : TEACHER 

RATIO

MA in Teaching School Mathematics
The University of Montana

Summer M501: Teaching math with technology
M570: Concepts of calculus for teachers
M572: Algebra for teachers

Fall CI 588: Action research in classrooms

Spring M500: Current math curricula

Summer M573: Geometry for teachers
M574: Probability and statistics for teachers
CI 542: Math supervision and teaching

Fall M510: Problem solving for teachers

Spring CI 552: Models of PD in math and science

(all courses fully online)

Photo: Will McKnight

Cool! An online MA degree 
just for math teachers!

MCTM trivia night: 
Craft Local 
7pm doors 
8:15 Trivia!


