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Reading and Reasoning in 

Mathematics
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Steps to Success 
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"Mathematics is no more 

computation than 

literature is typing."

— John Allan Paulos, Ph.D.

Temple University
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We need to help students . . . 

Increase conceptual 

knowledge

Build their 

reading skills

Depend less on 

rote memory
Build math 

vocabulary
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Two Essential Strategies

Helping students learn how to learn is critical to 

aiding the development of higher-order thinking 

skills

• Modeling is one way to teach students how 

to learn 

• Scaffolding allows students to practice with 

diminishing support—to build confidence and 

competence
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The Payoff for Students

• When higher-order thinking skills are used, 

students carry the knowledge longer.

• Knowledge gained from higher-order 

thinking processes is more easily 

transferrable…and that knowledge 

becomes accessible for solving new 

problems.
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First Read: Read for Understanding

Second Read: Identify a Problem-
Solving Process

Third Read: Solve the Problem and 
Check for Reasonableness

Reading and Reasoning Process

Miller, P. and Koesling, D. “Mathematics Teaching for Understanding: Reasoning, Reading, and 

Formative Assessment. Danvers, MA
6 Workbook p. 1 
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• Read through the problem aloud – noting your 

reactions to what you’re reading.

• What vocabulary do you not know?

• What’s the real-world context of the problem?

• Is there a picture that can help you visualize the 

problem?

• What questions are being asked?

Miller, P. and Koesling, D. “Mathematics Teaching for Understanding: Reasoning, Reading, and 

Formative Assessment.” Danvers, MA

First Read: Read for Understanding
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First Read: Read for Understanding

8 Workbook p. 2 



GEDtestingservice.com  •  GED.com

Tier 3 

Domain-specific 
academic vocabulary

Tier 2 

High-Utility academic vocabulary 
found in many content texts, 

cross-curricular terms

Tier 1 

Everyday words, familiar to most students primarily 
learned through conversation

Analyze Compare Contrast

Demonstrate Describe Argument

Conclusions Evidence Determine

Develop Evaluate Explain

Identify Infer Draw

Distinguish Suggest Interpret

Organize Illustrations Predict

Absolute value Additive inverse Algorithm

Attribute Constant Distance formula

Exponent Function Dependent variable

Independent variable Linear Numerical expression

Profit Property Proportional gain

Rate of change Strategy Value

Tiered Vocabulary

9
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Building Vocabulary

Definition (In Own Words) Facts/Characteristics

Examples Non-examples

Characteristics or Facts

Non-Examples

Word or 

Symbol

Frayer Model – (Barton and Heidema, 2002)
10 Workbook p. 4 
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Tools for Building Vocabulary

An equation is a mathematical 

statement that shows that two 

expressions are equal.
Facts/Characteristics

ab = ba (an identify)

F = 1.8C +32 (a formula)

5 + 6 = 11 (a number statement)

x = 3 (statement of value) 

Non-examples

• Always has one equal sign

• The left side is equivalent to 

the right side

• Some equations have 0, 1, 2, 

or more solutions

• Some are algebraic

2x + 3y (expression)

3 (number)

Perimeter (word)

x<y (inequality)

= 4.2 (has no left side)

Equation

Frayer Model – (Barton and Heidema, 2002)
11



GEDtestingservice.com  •  GED.com

• What is the pertinent information in this problem?

• What problem-solving strategies could I use?

• Which of those problem-solving strategies is best suited 

for this problem?

• How will I represent the problem in the symbolic 

language of mathematics?

• What mathematical details will I select as I reason and 

solve this problem?

Second Read: Identify a 

Problem-Solving Process

Miller, P. and Koesling, D. “Mathematics Teaching for Understanding: Reasoning, Reading, and 

Formative Assessment.” Danvers, MA
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Miller, P. and Koesling, D. “Mathematics Teaching for Understanding: Reasoning, Reading, and 

Formative Assessment.” Danvers, MA

Second Read: Identify a 
Problem-Solving Process
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Begin with the Basics

Noticing

• Allows all students to 

participate

• Work independently or in 

groups

• What is stated in the 

problem

• What are the “givens” of 

the problem

Wondering

• Is the planning part

• Talk about strategies to use

• Restate the problem

• Pose questions about what 

they noticed

• Allows students to slow 

down and think

• Brainstorm, list, and discuss 

ideas

14
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Try It!

What do you notice? What do you wonder?

15 Workbook p. 5 
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It’s better to solve one 

problem five different 

ways than to solve five 

different problems.

— George Polya, Mathematician

Stanford University
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Understand 
the problem

Devise a 
plan

Carry out 
the plan

Look back 
(reflect)
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Must-Have Heuristics 

17
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Strategy 1 - Guess and Check

Copy the figure below and place the digits 1, 2, 3, 4, and 5 in the 

circles so that sums across (horizontally) and down (vertically) are 

the same.

18 Workbook pp. 7-10 
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Guess and Check

Copy the figure below and place the digits 1, 2, 3, 4, and 5 in the circles so 

that sums across (horizontally) and down (vertically) are the same.

19
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Strategy 2 - Make a List

Three darts hit this dart 

board and each scores a 1, 

5, or 10. The total score is 

the sum of the scores for the 

three darts. There could be 

three 1’s, two 1’s and one 5, 

one 5 and two 10’s, and so 

on. How many different 

possible total scores could a 

person get with three darts?

20
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Make a List

# of 1’s # of 5’s # of 10’s Score

3 0 0 3

2 1 0 7

2 0 1 12

1 2 0 11

1 1 1 16

1 0 2 21

0 3 0 15

0 2 1 20

0 1 2 25

0 0 3 30

21
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In a stock car race, the first five finishers in some order were a Ford, a 

Pontiac, a Chevrolet, a Buick, and a Dodge.

• The Ford finished seven seconds before the Chevrolet.

• The Pontiac finished six seconds after the Buick.

• The Dodge finished eight seconds after the Buick.

• The Chevrolet finished two seconds before the Pontiac.

In what order did the cars finish the race?  What strategy did you use?

Strategy 3 - Draw a Diagram

22
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In a stock car race, the first five finishers in some order were a Ford, a 

Pontiac, a Chevrolet, a Buick, and a Dodge.

• The Ford finished seven seconds before the Chevrolet.

• The Pontiac finished six seconds after the Buick.

• The Dodge finished eight seconds after the Buick.

• The Chevrolet finished two seconds before the Pontiac.

In what order did the cars finish the race?  What strategy did you use?

Draw a Diagram
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South Point Amusement Park 

has a special package for large 

groups: a flat fee of $20 and $6 

per person. 

If a club has $100 to spend on 

admission, what is the largest 

number of people who can 

attend?

Strategy 4 - Make a Table or Chart

24
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South Point Amusement Park has a special package for large groups: a flat fee 

of $20 and $6 per person. 

If a club has $100 to spend on admission, what is the largest number of people 

who can attend?

Make a Table or Chart

25
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Continue these numerical sequences by 

finding the next three numbers for each 

group.

1, 4, 7, 10, 13, ___, ___, ___

19, 20, 22, 25, 29, ___, ___, ___

2, 6, 18, 54, ___, ___, ___

Strategy 5 - Find a Pattern

26
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Continue these numerical sequences by finding the next three numbers for each group.

1, 4, 7, 10, 13, ___, ___, ___ (add 3 to the previous term)

1, 4, 7, 10, 13, 16, 19, 22

19, 20, 22, 25, 29, ___, ___, ___ ( add 1 to the previous term, then add 2 to that term, then add 

three to that term)

19, 20, 22, 25, 29, 34, 40, 47

2, 6, 18, 54, ___, ___, ___ (multiply the previous term by 3 to generate the next term)

2, 6, 18, 54, 162, 486, 1458

Find a Pattern
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The houses on Main Street are numbered 

consecutively from 1 to 150. 

How many house numbers                                

contain at least one digit 7?

Strategy 6 - Make it Simpler

28
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The houses on Main Street are numbered consecutively from 1 to 150. 

How many house numbers contain at least one digit 7?

Break the problem down. First determine how many houses have a seven in the units 

place. (15)

7, 17, 27, 37, 47, 57, 67, 77, 87, 97, 107, 117, 127, 137, 147

Next, determine how many houses have a seven in tens place. (10)

70, 71, 72, 73, 74, 75, 76, 77, 78, 79

Take out any duplicates (1) 

Answer – 24 houses contain at least one digit 7.

Make it Simpler

29
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The figure shows twelve 

toothpicks arranged to 

form three squares. 

How can you form five 

squares by moving only 

three toothpicks?

Strategy 7 - Act It Out or Use 

Objects

30
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The figure shows twelve toothpicks 

arranged to form three squares. How can 

you form five squares by moving only three 

toothpicks?

Act It Out or Use Objects

Answer: One of the squares is formed by the outer boundary of the 

arrangement. There was no requirement that each of the five squares 

must be congruent to each of the others.

31
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Brady was trying to decide when to get up in 

the morning. He needs 45 minutes to get ready 

for the workshop he plans to attend. It takes 

him 25 minutes to drive to the adult center 

where the workshop will be held. He wanted to 

get to the center 20 minutes early to stop by his 

classroom and pick up some materials. If the 

session starts at 7:30 a.m., what time should he 

get up, if he wants to give himself 10 extra 

minutes in case the traffic is bad?

Strategy 8 - Work Backwards

32
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Brady was trying to decide when to get up in the morning. He needs 45 minutes 

to get ready for the workshop he plans to attend. It takes him 25 minutes to 

drive to the adult center where the workshop will be held. He wanted to get to 

center 20 minutes early to stop by his classroom and pick up some materials. If 

the session starts at 7:30 a.m., what time should he get up, if he wants to give 

himself 10 extra minutes in case the traffic is bad?

Start with the time he has to be at the workshop – 7:30 

He needed 20 minutes to go by the classroom – 7:10

He drove for 25 minutes – 6:45

He needed 45 minutes to get ready – 6:00

To allow for 10 minutes in case the traffic was bad – 5:50

Work Backwards

33
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Two apples weigh the same as a banana 

and a cherry. A banana weighs the same as 

nine cherries.  How many cherries weigh the 

same as one apple?

Strategy 9 - Brainstorm and Write an 

Equation

34
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Two apples weigh the same as a banana and a cherry. A banana weighs the same as nine 

cherries.  How many cherries weigh the same as one apple?

You will need to use three variables.

– A  =  the weight of an apple 

– B =  the weight of a banana 

– C =  the weight of a cherry 

2A  =  B  + C

B  = 9C

Substituting:  2A  =  9C  + C

2A = 10C A  = 5C

Answer:  5 cherries weigh the same as 1 apple

Brainstorm and Write an Equation

35
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Three apples and two pears cost 78 cents. 

However, two apples and three pears cost 

82 cents.  What is the total cost of one apple 

and one pear?

Strategy 10 – Use Logical 

Reasoning

36
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Three apples and two pears cost 78 cents. However, two apples 

and three pears cost 82 cents.  What is the total cost of one 

apple and one pear?

By combining the two clues given, one can conclude that five 

apples and five pears cost 78 plus 82 cents, or 160 cents. Divide 

that by five and you can conclude that one apple and one pear 

costs 32 cents.

Remember – you are not looking for the cost of an apple or a 

pear, but the combined cost of both.

Strategy 10 – Use Logical 

Reasoning

37
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• Now that I understand the problem’s 

content, how can I best use my math skills 

to solve the problem?

• Am I answering the right question?

• How should the answer to the question be 

expressed?

Third Read: Solve the Problem and 
Check for Reasonableness

Miller, P. and Koesling, D. “Mathematics Teaching for Understanding: Reasoning, Reading, and 

Formative Assessment.” Danvers, MA
38
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Active Reading Strategy for Problem Solving

• Read problem closely

• Identify the goal – the task(s) to be completed

– Paraphrase what author wants to be done

– Write in own words

• Identify the givens – information relevant to 

solving the task

– Look for key terms

Goals and Givens

39 Workbook pp. 11-12 
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Goals and Givens Template
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Thank you!

communications@GEDTestingService.com
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