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CHAPTER 7 RATIONAL N UMBERS 

 

Rational Numbers Overview: There are four rational number topics (R1-R4) covering 19 grade 

level content expectations. Ten activities have been developed for these topics and a decimal 

section with three activities. 
 

Topics GLCEs Activities 

R1 Factorization. 

R2 Rational numbers. 

R3 Rate, ratio, and proportion. 

R4 Exponents, roots, and scientific notation. 

1 

6 

6 

6 

6 

4 

0 

0 

 

Letôs take the time to think about number systems we ask children to work in: 

Fortunately the number system we use contains a zero and is positional (The position of the digit 

indicates its value.) Without these two features use of the system of numbers is very 

cumbersome. As an example, consider the system of Roman numerals: 

 
Symbol Value 

I one 

V five 

X ten 

L fifty  

C one hundred 

D five hundred 

M one thousand 

 

As practiced by the Romans this was only an additive system. Nine was written as VIIII. It is 

generally held that the subtractive use of Roman numerals where nine was written as IX was not 

developed until later. 

 

Consider what a stone cutter went through making a cornerstone with the date of 1999 in this 

system. Instead of cutting four numerals, he would have to cut MDCCCCLXXXXVIIII. 

Certainly, the subtractive Roman numeral system, which is a small step toward a positional 

system, was a great improvement. Since placement of a smaller symbol before one of greater 

value indicates a subtraction, 1999 could be written as MCMXCIX. Do you suppose stonecutters 

could have developed the system? 

 

The system we use, Arabic numerals, is both positional and contains a zero so that the same 

digits can be used to have more than one value, e.g. In the number 777, one of the sevens has a 

value of seven hundred, another of seventy and the other of seven. 

 

Beginning by looking at only the non-negative integers, I+
, it is possible to add and multiply any 

two numbers in the system and there are identity elements, 0 for addition, which when added to 

any number in the system yields the number itself and 1 for multiplication. However, there are 

no additive inverses, a number which when added to a given number yields the identity, 0 or 

multiplicative inverses. The system is very limited, but the first system children experience. It 

means we have to invent special operations, such as subtraction, and special rules like, The 

smaller number is always subtracted from the larger number and Always divide the larger 
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number by the smaller number. Of course, when we include fractions and then again when we 

include the negative integers these ñrulesò change since we are now including both multiplicative 

and additive inverses. Use of these inverses could have eliminated the necessity of the operations 

of subtraction and division in a purely mathematical investigation. Both operations are parallel 

with practical applications so they really are necessary for practical use of the system. 

 

The inclusion of the inverses gives us the rational numbers, Q. It has taken the integers which 

had additive inverses and included multiplicative inverses. A rational number is defined as a 

ratio of two integers, 
b

a
, where a and b are integers. 

 

This inclusion of multiplicative inverses has a profound influence on how children can compute. 

Many children base the computation on counting. This is possible when we use integers because 

there is a next larger or smaller number. This is not, however, true for rational numbers. Between 

any two rational numbers there are an infinite number of other rational numbers. As an example, 

take the numbers 
3

2
 and 

4

3
. The number 

43

32

+

+
, a common error when children are adding 

fractions, is one such number between 
3

2
 and 

4

3
. 

Most teachers will recognize how much more difficult it seems to be for students to learn to 

compute with fractions (computation within the rational number system) than to compute with 

whole numbers or even all integers. 

 

For the expectations in this chapter, the number system needs to be further expanded to include 

irrational numbers. One such number is Õ2, the length of the side of a square with an area of 2. 

Rational numbers can be expressed either as terminating decimals (
4

3
 = 0.75) or as repeating 

decimals (
3

2
 = 0.666 ). Irrational numbers cannot be represented in this manner. For irrational 

numbers a decimal approximation (Õ2 º 1.414) or a decimal which shows a pattern for extending 

the decimal (1.010010001é) is generally used. With the inclusion of the irrational numbers, we 

will be working in the real number system. 

 

As the complexity of the number systems we work in increases, the difficulty for children 

increases and unless great care is given many will be left behind! 
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Materials needed: 

ñSieve of Eratosthenesò worksheet 

A. RATIONAL NUMBERS: GL CES, MEAP DATA, SELECTED MEAP ITEMS AND 

ACTIVITIES BY TOPIC  
 

R1.  FACTORIZATION  

 

N.MR.05.07 Find the prime factorization of numbers from 2 through 50, express in exponential 

notation, e.g., 24 = 2
3
 x 3

1
, and understand that every whole number greater than 1 is either 

prime or can be expressed as a product of primes.* [Future Core] 

 

2007 MEAP Release Item Data All Students Students with Disabilities 

# GLCE MEAP a <x% A B C D O/M <x% A B C D O/M 

76 N.MR.05.07 F Core A  29 21 42 8 0  22 23 44 11 1 

 

2006 MEAP Grade 6 [37, 12, 19, 31, 1][34, 13, 19, 33, 1] 

 
 

 

Activity 1: Prime Numbers 

Use the ñSieve of Eratosthenesò worksheet. 

Draw a square around 1, since it is neither prime nor 

composite. 

Circle the 2 and draw a line through every second number. 

Circle the 2 and draw a line through every second number. 

Circle the 3 and draw a line through every third number even if it already has a line through 

it.  

Go to the next number which does not have a line through it (5), circle it and use the ordinal 

for that number (fifth) to put a line through the remaining numbers. 

Continue this process. How far is it necessary to go with this process to assure that all of the 

composite numbers have been crossed out? (11) 

Describe the circled numbers. (primes). Make a list of them. 

Describe the numbers with only one line through them. (Powers of a single prime.) Make a 

list of them. 

Describe the numbers with only two lines through them. (A product of two primes.) 

What does the number of lines through a number indicate? (The number of prime factors.) 
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Factor Pairs 

Materials needed: 

Power Point: The Square Root 

Function 

3 per inch 11 x 17 paper 

Materials needed: 

4 mm graph paper 

Activity 2: Factor pairs 

Get out a piece of 4 mm graph paper. 

Write the number 30 at the top of the paper and below the 30 a table for 

factor pairs. 

Draw all possible rectangles using 30 squares with the smallest dimension 

being the height of the rectangle. 

List the dimension as factor pairs in the table with the smaller dimension in 

the first column and ordered from smallest to largest. 

 

 

Activity 3: Square Root Approximation 

On the same paper, use the 30 squares to make the largest square possible. 

What is the length of a side? (5) 

How many squares are left over? (5) 

Stack the remaining 5 squares several spaces to the right of the 5-square. 

If the stack of squares is cut vertically into ten equal parts, each portion of a single square is 

broken into tenths. 

How many tenths will there be? (50) 

Break one of them into ten equal squares. 

What is the value of one of them? (0.01) 

How many tenth strips? (49) How many hundredth squares? (10) 

If the tenth strips are placed above and to the right of the 5-square in equal numbers, how 

many can be used? (40) How much would be left? (9 tenths & 10 hundredths) 

How many hundredths are needed to complete the 5.4-square? (16) 

Break another tenth strip and use the hundredths to complete the 5.4- square. 

How much is left? (8 tenths and 4 hundredths) 

This 5.4-square has sides, which are a little less than the square root of 30. 

And since there is not enough left for a fifth ring around the square which would yield a 5.5-

square, the square root of 30 is greater than 5.4 but less than 5.5, (5.4 < 30 < 5.5). 

What is the relationship of 30 and the smaller factors in the factor pairs list? (The smaller 

factor of a factor pair is less than the square root of the number.) 

 

Activity 4: The Square Root Function 

Use the 3 per inch 11 x 17 paper. 

Do the activity in the Power Point: The Square Root 

Function 

(This may be difficult for participants and might be 

stopped with using proportional triangles and the straight-line approximation curve to 

determine 30 .) 
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Materials needed: 

Five per Inch graph paper 

Activity 5: Factor Tree: 

Use the Five per Inch graph paper. 

Write the 30 at the top of the page. The factor tree will be drawn 

below the number. 

To the right, draw a rectangle using 30 squares where the height of the rectangle is a prime 

number. 

Begin the tree with the line to the left going to the prime number and the line to the right 

going to the other factor? 

Is the other factor composite? (yes) 

Draw a rectangle using the composite factor number of squares with a height that is prime. 

Continue the tree under the composite factor with the line to the left going to the height of the 

rectangle and the line to the right going to the other factor. 

Is this factor prime? (yes) 

The factor tree is complete. 

 

 

Definition - Prime Number: any integer other than 0 or ±1 that is not divisible without remainder 

by any other integers except ±1 and ± the integer itself  

 

Activity 6: Prime Factorization: 

Complete the prime factorizations for numbers 16 through 22. 

 

2 = 2
1
 9 = 3

2
 16 =  

3 = 3
1
 10 = 2

1
 x 5

1
 17 =  

4 = 2
2
 11 = 11

1
 18 =  

5 = 5
1
 12 = 2

2
 x 3

1
 19 =  

6 = 2
1
 x 3

1
 13 = 13

1
 20 =  

7 = 7
1
 14 = 2

1
 x 7

1
 21 =  

8 = 2
3
 15 = 3

1
 x 5

1
 22 =  
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R2.  RATIONAL NUMBERS  

 

N.FL.06.14 For applied situations, estimate the answers to calculations involving operations 

with rational numbers. [Core] 

N.ME.06.17 Locate negative rational numbers (including integers) on the number line; know 

that numbers and their negatives add to 0 and are on opposite sides and at equal distance from 0, 

on a number line. [Core] 

N.ME.06.18 Understand that rational numbers are quotients of integers (nonzero 

denominators), e.g., a rational number is either a fraction or a negative fraction. [Extended Core] 

N.FL.07.09 Estimate results of computations with rational numbers. [Core] 

N.ME.08.03 Understand that in decimal form, rational numbers either terminate or eventually 

repeat and that calculators truncate or round repeating decimals; locate rational numbers on the 

number line; know fraction forms of common repeating decimals (e.g., .1é = 1/9, .3... = 1/3) 

N.ME.08.04 Understand that irrational numbers are those that cannot be expressed as the 

quotient of two integers, and cannot be represented by terminating or repeating decimals; 

approximate the position of familiar irrational numbers on the number line, e.g., 2^
.5
, 3^

.5
, p. 

 

2007 MEAP Release Item Data All Students Students with Disabilities 

# GLCE MEAP a <x% A B C D O/M <x% A B C D O/M 

37 N.FL.06.14 Core B  16 58 13 13 0  19 39 22 19 1 

38 N.FL.06.14 Core C  7 28 58 8 0  11 37 39 13 1 

39 N.FL.06.14 Core B  11 42 21 25 0  16 32 29 22 1 

43 N.ME.06.17 Core C  6 5 85 30 0  16 12 66 6 1 

44 N.ME.06.17 Core C  6 21 71 3 0  10 36 48 5 1 

45 N.ME.06.17 Core B  7 55 29 9 0  10 38 35 16 1 

68 N.ME.06.18 Extended B  5 73 7 15 0  11 55 13 20 1 

4 N.FL.07.09 Core A  69 12 6 13 0  47 20 15 18 1 

5 N.FL.07.09 Core C  9 17 61 12 0  22 23 36 19 0 

6 N.FL.07.09 Core B  27 36 18 19 0  25 28 27 20 0 

 

2007 MEAP Grade 7 #37 
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2007 MEAP Grade 7 #39 

 
 

2007 MEAP Grade 7 

 
 

2007 MEAP Grade 8 
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The definition of rational numbers is that they are numbers of the form, 
q

p
, where p and q are 

integers (both positive and negative). Terminating and/or repeating decimals are decimal 

equivalents of rational numbers. Writing decimal equivalents for rational numbers is simply a 

matter of carrying out the division to the desired number of decimal places. Either the remainder 

at some point is zero or a number, which has been the remainder previously and thus the 

numbers begin to repeat. The notation used with repeating decimals of drawing a line above the 

repeating portion, (e.g. 
99

25
 =          = 0.2525é) does not seem to be expected at this level. 

Although conversion from decimal form to fractional form is not an expectation, it will be 

shown. 

 

Fractional equivalents of terminating and repeating decimals 

 

Activity 1: Terminating decimal 

 

Write 0.75 as a fraction with denominator 100. 

Reduce the fraction.  

 

Activity 2: Convert a repeating decimal to a fraction. 

 

Find the fractional equivalent of 0.272727é 

 

Set           x = 0.272727é 

Then   100 x = 27.2727é 

Subtracting    99x = 27 

 

        x = 
99

27
 = 

33

9
 = 

11

3
 

Therefore   
11

3
 = 0.272727é 

 

Are there other numbers; numbers which do not have fractional equivalents? 

 

Activity 3: 

Show the Power Point: Squares. 

 

0.25 

Materials needed: 

Power Point: Squares 
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Activity 4: Proof that 2  is not rational. 

This is a proof by contradiction. 

Proof: 

Either 2  is rational and can be expressed as 
q

p
, where p and q are relatively prime, or 2  

is not equivalent to a rational number. 

Assume  2  = 
q

p
, where  p and q are relatively prime. 

Squaring both sides we get: 2 = 
q

p
   or 2q

2
 = p

2 

Hence, p
2
 is even and p is even. So, p = 2k for some integer k. 

Therefore, p
2
 = 4 k

2
 

Substituting this for p
2
 in the equation, 2q

2
 = p

2
, 2q

2
 = 4 k

2 
or q

2
 = 2 k

2
, so q

2
 is even. 

This is a contradiction since p and q are relatively prime. 

Hence 2   cannot be expressed as a quotient of integers and is not rational and its decimal 

equivalent neither terminates nor repeats. 

 

Numbers such as this are called irrational and when combined with rational numbers form 

the set of real numbers. (p is another irrational number. (In 1841, an English mathematician, 

calculated p to 208 decimal places. An error in his work was later found in the 153
rd

 

calculation. Books of many pages have been published which contained only decimal 

approximations of p.)  

 

 

2 

2 
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R3.  RATE, RATIO, AND PRO PORTION  
 

N.ME.05.23 Express ratios in several ways, e.g., ñ3 cups to 5 people; 3:5; 3/5ò; recognize and 

find equivalent ratios. [Extended Core] 

N.ME.06.11 Find equivalent ratios by scaling up or scaling down. [Core] 

N.MR.07.02 Solve problems involving derived quantities such as density, velocity, and 

weighted averages.* [Future Core] 

N.FL.07.03 Calculate rates of change, including speed. [Core] 

N.MR.07.04 Convert ratio quantities between different systems of units, such as feet per 

second to miles per hour. [Core] 

N.FL.07.05 Solve proportion problems using such methods as unit rate, scaling, finding 

equivalent fractions, and solving the proportion equation a/b = c/d; know how to see patterns 

about proportional situations in tables.* [Core] 

 

2007 MEAP Release Item Data All Students Students with Disabilities 

# GLCE MEAP a <x% A B C D O/M <x% A B C D O/M 

62 N.ME.05.23 Extended D  26 28 7 39 0  34 33 9 24 0 

13 N.ME.06.11 Core B  16 61 6 17 0  22 41 16 20 1 

14 N.ME.06.11 Core B  7 75 6 11 0  10 49 15 26 1 

15 N.ME.06.11 Core C  27 11 58 4 0  48 17 29 6 1 

68 N.MR.07.02 Future A  64 8 10 17 0  41 16 21 22 1 

7 N.FL.07.03 Core B  5 83 5 6 0  6 63 13 18 0 

8 N.FL.07.03 Core B  22 67 6 5 0  22 47 15 15 0 

9 N.FL.07.03 Core A  78 8 4 11 0  53 15 8 24 0 

10 N.MR.07.04 Core B  6 66 16 12 0  10 45 28 15 0 

11 N.MR.07.04 Core C  16 19 49 16 1  19 25 34 21 1 

12 N.MR.07.04 Core B  10 31 14 45 0  14 22 17 46 0 

34 N.FL.07.05 Core C  9 9 75 6 0  14 15 58 12 1 

35 N.FL.07.05 Core A  67 14 6 13 0  39 26 17 17 1 

36 N.FL.07.05 Core B  9 58 19 14 0  17 35 24 23 1 

 

2007 MEAP Grade 7 #13 
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2007 MEAP Grade 7 

 
 

2007 MEAP Grade 8 

 
 

2007 MEAP Grade 8 

 
 

Remark 1: 

One of the difficulties with ratio is the different notations which are used: 4 : 5 and 4/5. Students 

are apt not to have seen the first notation and the second example has been used for fractions and 

students view ratios as fractions when this notation is used. Fractions, as we have used them, is a 

quotient of part of a set (or portion of an object) to the total number in the set (or to the total 

objects). Whereas, the ratio is a comparison of part of a set to the remainder of the set (part to 

part). 

Equivalent fractions and equivalent ratios can be found using the same operation. However, the 

operations of addition, subtraction, multiplication and division are meaningful for fractions but 

not generally for ratios.  

 

Remark 2: 

It is important to realize that expectation, N.MR.07.03, when it is referring to rates of change; the 




