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18 36 54 72 90 108 126 144 162 180 198 216 234 252 270 288 306 324 342 360

19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
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Give a rule to describe the constant difference between consecutive value of 
term in order to extend the pattern.

–1;  –1,5;  –2;  –2,5; …

65 Number patterns
Te

rm
 3

1.  Describe the pattern by giving the rule and then extend it by three value of term.

a.  36, 43, 50, 57, … b.  29, 17, 5, –7, …

Describe the pattern that has neither a constant difference nor a constant ratio.

1,  0,  –2,  –5,  –9,  –14

Give a rule to describe the constant ratio between consecutive terms.
2;  –1;  0,5;  –0,25;  0,125; …

“adding –0,5”

“adding –0,5 to the 
previous number in 

the pattern.”
“counting in –0,5”

“multiplying the previous 
number by –0,5”

“subtracting by one 
more than what was 
subtracted to get the 

previous term”

Using this rule, the 
next three terms will 

be –20, –27, –35.

c.  63, 45, 27, 9, … d.  59, 60, 61, 62, …

e.  18, 43, 68, 93, … f.  48, 61, 74, 87, …

g.  1, 8, 27, 64, … h.  1, 4, 16, 25, …

i.  36, 19, 2, –15, … j.  22, –16, –54, –92, …

2. Describe the pattern by giving the rule and then extend it by three value of term.

a.  6, –12, 24, –48, … b.  –17, –102, –612, –3 672, …
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Problem solving

Create your own sequences as follows:

• Constant difference between the consecutive value ot term

• Constant ratio between the consecutive value ot term

• Neither a constant difference nor a constant ratio

c.  16, 112, 784, 5 488, … d.  28, 140, 700, 3 500, …

e.  25, 75, 225, 675, … f.  52, –208, 832, –3 328, …

g.  37, 333, 2 997, 26 973, … h.  –39, –156, –624, –2 496, …

i.  43, –129, 387, –1 161, … j.  49, 294, 1 764, 10 584, …

3.  Describe the pattern by giving the rule and then extend it by three value of value of 
term.

a.  66, 58, 51, 45, … b.  32, 38, 31, 39, …

c.  25, 34, 46, 61, … d.  72, 55, 37, 18, …

e.  14, 28, 84, 336, … f.  16, 32, 128, 1 024, …

g.  21, 23, 19, 25, … h.  87, –3, 77, 7, 67, …

i.  27, 38, 50, 63, … j.  44, 66, 132, 330, …
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66 Number sequences
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Look at the example. Determine the 10th term.

The difference 
between the 
terms is –4.

Number sentences

First term: –4(1) + 1 = –3

Second term: –4(2) + 1 = –7

Third term: –4(3) + 1 = –11

Fourth term: –4(4) + 1 = – 14

Tenth term: –4(10) + 1 = –39

nth term: –4(n) + 1

n (Position in sequence) 1 2 3 4 10 n

Value of term –3 –7 –11 –14 –39

10 n

–39

“n” is any 
natural 
number.

1.  Determine the tenth and nth terms using a table and number sentence.

a.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term 13 23 33 43

b.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term 11 17 23 29

c.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term 17 20 23 26

d.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term –16 –23 –30 –37
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e.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term –3 6 15 24

f.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term 13 17 21 25

g.  nth term is: 

n (Position in sequence) 1 2 3 4 10 n

Value of term –6 10 26 42

2.  Make notes on how you solved the sequences.

Problem solving

Determine the tenth and nth terms using a table and a number sentence.

n (Position in sequence) 3 6 9 10 12 n

Value ot term 13 40 85 ? 148 ?

nth term is: 

n (Position in sequence) 18 12 10 6 n

Value of term 5 815 1 711 ? 199 ?

nth term is: 
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67 More number sequences
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 3

Example:

The bottom row of terms for each position in sequence (n) is obtained by using the formula or rule:  
square the position number (n) in the top row and add 1 = n2 + 1.

First term:  2 = (1)2 + 1

Second term: 5 = (2)2 + 1

Third term:  10 = (3)2 + 1

Fourth term: 17 = (4)2 + 1

Tenth term:  101 = (10)2 + 1

nth term :   = n2 + 1

Give the next three terms

22; 32; 42; 52; ...

 4;   9;   16;   25; ...

23; 33; 43; 53; ...

3 8; 3 27; 3 64; 3 125; ...

√ √ √ √ 

√ √ √ √

1.  Complete the tables.

n (Position in sequence) 1 2 3 4 10 n

Value of term 2 5 10 17 ? ?

a. n (Position in sequence) 3 4 5 6 10 n
Value of term 7 14 23 34 ? ?

Third term:   7 = ________________________________
Fourth term: 14 = ________________________________
Fifth term: 23 = ________________________________
Sixth term: 34 = ________________________________
Tenth term: ____ = ________________________________
nth term: ____ = ________________________________ 

Make notes on how you solved the sequences
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b.

Second term:   11 = ________________________________
Fourth term:   67 = ________________________________
Sixth term: 219 = ________________________________
Eighth term: 515 = ________________________________
Tenth term: ____ = ________________________________
nth term: ____ = ________________________________ 

c.

Minus Fifth term: –10 1
2   = ________________________________

Zero term:     1
2        = ________________________________

Fifth term:  ____   = ________________________________
Tenth term:  19 1

2     = ________________________________
Fifteenth term: 29 1

2     = ________________________________
nth term:  ____   = ________________________________ 

d.

Second term:   8 = ________________________________
Fourth term: ____ = ________________________________
Sixth term: 216 = ________________________________
Eighth term: 512 = ________________________________
Tenth term: ____ = ________________________________
nth term: ____ = ________________________________ 

e.

First term:   2 = ________________________________
Second term:   5 = ________________________________
Fourth term: 17 = ________________________________
Eighth term: 65 = ________________________________
Tenth term: ____ = ________________________________
nth term: ____ = ________________________________ 

Sharing

Share your answers with a friend.  Do you have the same rules for the nth value of term?

n (Position in sequence) 2 4 6 8 10 n
Value of term 11 67 219 515 ? ?

n (Position in sequence) –5 0 5 10 15 n
Value of term –10 1

2 
1
2 ? 19 1

2 29 1
2 ?

n (Position in sequence) 2 4 6 8 10 n
Value of term 8 ? 216 512 ? ?

n (Position in sequence) 1 2 4 8 10 n
Value of term 2 5 17 65 ? ?
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68 Geometric patterns
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What will the next 
pattern be?
The rule: add one 
section to each side.

First term: 6(1) = 6
Second term: 6(2) = 12
Third term: 6(3) = 18
Fourth term: 6(4) = 24
Fifth term: 6(5) = 30
Tenth term: 6(10) = 60
nth term: 6(n) = 6n

n (Position in sequence) 1 2 3 4 5 10 n

Value of term 6 12 18 24 30 60 ?

How will you 
determine the next 
pattern?

(1 × 6)

(2 × 6)

1.  Do the following: (You may need to use a seperate sheet of paper.)
i. Draw the fi rst four terms in each of the following geometric patterns.
ii. Write them in a table determining the fi rst, second, third, fourth, tenth and nth 

terms.
iii. Write number sentences for each table.

a.  Heptagon

i.

ii.

iii.
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Sharing

Do the same with an icosekaipentagon.

b.  Pentadecagon

i.

ii.

c.  Icosagon

i.

ii.

iii.

iii.
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69 Number sequences and equations
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Look at the example. Discuss. What will the 10th term be?

y = 3x + 1
4 

x –2 –1 0 1 2 5 10

y –5 3
4 –2 3

4 
1
4 3 1

4 6
1
4 15

1
4 

y = 3(–2) + 1
4 

y = –6 + 
1
4 

y = –5
3
4 

y = 3(–1) + 
1
4 

y = –3 + 
1
4 

y = –2
3
4 

y = 3(0) + 
1
4 

y = 0 + 
1
4 

y = 
1
4 

y = 3(2) + 
1
4 

y = 6 + 
1
4 

y = 6
1
4 

y = 3(1) + 
1
4 

y = 3 + 
1
4 

y = 3
1
4 

y = 3(5) + 
1
4 

y = 15 + 
1
4 

y = 15
1
4 

1.  Complete the tables using the equations.

a. x –2 –1 0 1 2 5 10

y y = 2x + 1
2 

b.

y = x2 – 1

x –2 –1 0 1 2 10 50

y

c.

y = x3 – 2

x –3 –2 –1 0 1 13 25

y
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How did you solve for m?

Describe In your own words how you solved for m.

d. x 0 2 3 50 75 100

y y = 
1
2 x + 4

e. x 1 3 5 7 27 47

y y = –4x – 3

2.  Complete the tables. What is the value of m and n?

a. x –2 –1 0 1 2 5 n

y m

y = x2 – 
1
4 

c. x –3 5 13 21 29 37 n

y m

y = 2x2 + 1
4 

b. x 1 2 3 4 n 6 7

y m

y = –x –4

d. x 3 6 9 n 15 21 24

y m

y = 
x
3  + 1
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70 Algebraic expressions
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Variables: a number that can have 
different values as compared to a 
constant that has a fi xed value.

b, x, p, z, y and c 
are variables. – 4

p

13z 4c

  y√ 
7b

x
4

–1, 5, 4 and
1

2 are 
constants, as their 
values do not change. 1

2

Constant: a constant is a number 
on its own whose value does not 
change.

–1 5 4

Algebraic expression: a collection 
of quantities made up of constants 
and variables joined by the four 
fundamental operations.

Here are some 
examples of 
algebraic 
expressions.

2x + 
3
y

x + 4

3z + 6

z
4

y – 3

Term: parts of an algebraic 
expression linked to each other by 
the + or – symbols.

Expressions 
with one 
term.

Expressions 
with two 
terms. Expressions 

with three 
terms.

3x

x
3

3x + y

4x2 + 3

x – 3y + 3

Coeffi cient: a constant attached to 
the front of a variable or group of 
variables.  The variable is multiplied 
by the coeffi cient.

Here are 
examples of a 
coeffi cient.

In 4x + 3y there are two terms, 4x and 3y, 
and the coefficient of x in 4x is 4 and the 
coefficient of y in 3y is 3.

Monomial: an algebraic 
expression that has only one 
term,  for example: 4x

Binomial: an algebraic expression 
that has two terms, for example: 

4x – 3y

Trinomial: an algebraic 
expression that has three terms, 
for example:

2x – 3y + z

1.  Identify the variables, constants and coeffi cients in the following.

a.  5x2 

x is a variable, 5 is a constant and also a coeffi cient.

b.  2x2 + 4x 

c.  d.  

e.  9x2 + 5 f.  xy2 + x 

g.  100xy + x h.  4x2 + 2x + 3 

x2

4 
x2

4x4 
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i.  j.  

2.  Write down the terms and coeffi cients of the variables in the following algebraic 
expressions:

a.  3x2 – 4y b.  2
3 x + y 

3.   Circle the like terms in the following algebraic expressions, and then add them 
together.

a.  3x2 – 4xy + 5x2 – 9 

3x2 + 5x2  = 8x2

b.  xyz – 5xy + 6zx + 15xyz – 1 

c.  x3 + y3 – 3xy + 6yx – 4y3 d.  abc + bcd + cda 

9x2 + 4
7x

c.  3x + 4y – 5
2 y 

d.  x2 + 2xy + y2 e.  
x
7  – 8

y  

Monomial

4.  Give fi ve examples of each.

Binomial Trinomial

Problem solving

Create an algebraic expression with variables, constants and using all the basic operations. Simplify the 
expression.

6x2 + 4x + 3
2x2
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Like terms are monomials 
that contain the same 
variables and are raised to 
the same powers. They can 
be combined to form a 
single term.

Revise
4a2b and 10a2b are like terms. 

In the expression:
3x2 + 2xy – 5y3 – 4xy + 9, the like 
terms are 2xy and –4xy. 

Example:

1. Add the following algebraic expressions.

a.  3
2 x2 + x + 1 and 3

7 x2 + 1
4 x + 5

Add –3x + 4 and 2x2 – 7x – 2

(– 3x + 4) + (2x2 – 7x – 2)

= 2x2 + (–3x – 7x) + (4 – 2)

= 2x2 – 10x + 2

b.  7
5 x3 – x2 + 1 and 2x2 + x – 3

c.  xy + z
y  + zx and 3xy – z

y  

d.  
3y
xz  + 

x
2y  + z and –

4y
xz  + 

3x
2y  – z
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Example:

2. Subtract the following algebraic expressions:

a.  7x3 – 3x2 + 2 from x2 – 5x + 2

Subtract 2x2 – 7x – 2 from –3x + 4

(– 3x + 4) – (2x2 – 7x – 2)

= –2x2 + [–3x – (–7x)] + [(4 – (–2)]

= –2x2 + (–3x + 7x) + (4 + 2)

= –2x2 + 4x + 6

c.  ax2 + 2hxy + by2 from cx2 + 2gxy + dy2

Problem solving

Create an algebraic expression with variables and constants using all the basic operations. Simplify the 
expression.

b.  
x
y  + 

y
z  – 3 from 

3x
y  – 

2y
z  + 7 + x2
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72a The product of a monomial and
polynomial
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 3

Monomials multiplied by polynomials (Applying the distributive property)

a(b + c)

= a × b + a × c

= ab + ac

3(a + b)

= (3 × a) + (3 × b)

= 3a + 3b

x(2 + 4)

= (x × 2) + (x × 4)

= 2x + 4x

= 6x

2a (3a2 – 4a + 5)

(2a × 3a2) – (2a ×4a) + (2a × 5)

= 6a1+2 – 8a1+1 + 10a

= 6a3 – 8a2 + 10a

ab aca

cb

3a 3b3

ba

2x 4xx

42

6a3 –8a2 10a2a

–4a3a2 5

or

or

or

or

– 2a(3a2 – 4a + 5)

= (–2a × 3a2) + (–2a × –4a) + (–2a + 5)

= –6a1+2 + 8a1+1 – 10a

= –6a3 + 8a2 – 10a
–6a3 8a2 –10a–2a

–4a3a2 5
or

Example:

1.  Revision: calculate.

2(3 + 4)

= (2 × 3) + (2 × 4)

= 6 + 8

= 14

2(3 + 4)

= 2 (7)

= 14

or

} Both ways are correct. 
Sometimes it is easier to 
write it in brackets.
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continued ☛

a.  3(6 + 9) b.  8(3 + 7) c.  5(2 + 1)

Example:

2.  Revision: Simplify.

a(b + c)

= (a × b) + (a × c)

= ab + ac

a.  b(c + d) b.  s(r + p) c.  z(e + c)

Example:

3.  Revision: Simplify.

3(a + b)

= (3 × a) + (3 × b)

= 3a + 3b

a.  7(b + c) b.  8(p + q) c.  4(x + y)
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72b The product of a monomial and
polynomial continued
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Example:

4.  Revision: Simplify.

x(2 + 4)

= (x × 2) + (x × 4)

= 2x + 4x

= 6x

x(2 + 4)

= x(6)

= 6x

 or

a.  x(6 + 3) b.  m(9 + 2) c.  y(5 + 7)

Example:

5.  Simplify.

2x(3x2 –4x + 5)

= 6x1+2 – 8x1+1 + 10x

= 6x3 – 8x2 + 10x

a.  2x (x2 – 11x + 12) b.  2x (x2 – x + 12) c.  4x (3x2 – 9x + 15)

Example:

6.  Simplify.

–2x(3x2 –4x + 5)

= (–2x)(3x2) + (–2x) (–4x) + (–2x) (+ 5)

= –6x1+2 – 8x1+1 + 10x

= –6x3 + 8x2 – 10x

–2x(3x2 –4x + 5)
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Problem solving

The a × can be “distributed” across the 2 + 4 into a × 2 plus a × 4. What did the original sum look like?

Determine the value of x2 – 3 if x = 
–3
2 .

Create your own monomial multiplied by a trinomial and simplify it.

Create your own monomial multiplied by a trinomial and simplify it using the distributive property.

Create your own trinomial and divide it by a monomial which is a factor of all three terms in the 
trinomial.

a.  2x (4x2 + 5x + 6) b.  4x (x2 – 3x + 2) c.  5x (x2 + 12x + 20)

a.  5x2 + 6x + 7 b.  9x2 + 6x + 5 c.  2x2 + 7x + 6

a.  –2x (2x2 – x + 4) b.  –4x (x2 – x + 12) c.  –2x (x2 – 6x + 8)

8.  Simplify and then substitute x = –2

7.  If x = –3, then: 4x2 + 3x + 2 =
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73a The product of two binomials
Te
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 3

(3 + 4)(3 + 5)

= (3 × 3) + (3 × 5) + (4 × 3)+(4 × 5)
= 9 + 15 + 12 + 20
= 56

or (3 + 4)(3 + 5)
= 7 × 8
= 56

9 15

12 20

3

53

4

or

Remember:
positive number × positive number = positive number
negative number × negative number = positive number
positive number × negative number = negative number

Example:

1.  Multiply.

(x + 2)(x + 3)

= (x + 2)(x +3)

= (x × x) + (x × 3) + (2 × x) + (2 × 3)

= x1+1 + 3x + 2x + 6

= x2 + 3x + 2x + 6

= x2 + 5x + 6

x2 3x

2x 6

x

3x

2

a.  (x + 2)(x + 2) b.  (x + 3)(x + 4) c.  (x + 1)(x + 1)
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Sign:

Date:

Example:

2.  Multiply.

(x – 2)(x – 3)

= (x – 2) × (x – 3)

= (x × x) + (x × –3) + (–2 × x) + (–2 × –3)

= x1+1 – 3x – 2x + 6

= x2 – 5x + 6

x2 –3x

–2x 6

x

–3x

–2

a.  (x – 3)(x – 4) b.  (x – 5)(x – 7) c.  (x – 2)(x – 4)

Example:

3.  Multiply.

(x + 2)(x – 3)

= (x + 2) × (x – 3)

= (x × x) + (x × –3) + (–2 × x) + (–2 × –3)

= x1+1 – 3x + 2x – 6

= x2 – x – 6

x2 –3x

2x –6

x

–3x

2

continued ☛
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73b The product of two binomials continued

Example:

4.  Multiply.

(x – 2)(x + 3)

= (x – 2) × (x + 3)

= (x × x) + (x × 3) + (–2 × x) + (–2 × 3)

= x1+1 + 3x – 2x – 6

= x2 + x – 6

x2 3x

–2x –6

x

+3x

–2

a.  (x – 4)(x + 5) b.  (x – 2)(x + 8) c.  (x – 5)(x + 4)

a.  (x + 5)(x – 5) b.  (x + 2)(x – 8) c.  (x + 7)(x – 8)

Te
rm

 3
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Sign:

Date:

Example:

5.  Multiply.

(x ± 2)2

= (x + 2)(x + 2) and (x – 2)(x – 2)

= x2 + 2x + 2x + 4 and x2 – 2x – 2x + 4

= x2 + 4x + 4 and x2 – 4x + 4

= x2 ± 4x + 4

x2 2x

2x 4

x

2x

2

a.  (x ± 3)2 b.  (x ± 4)2 c.  (x ± 6)2

x2 –2x

–2x 4

x

–2x

–2

Example:

6.  Simplify.

2(x – 3)2

= 2[(x – 3)(x – 3)]

= 2[x2 –3x –3x + 9]

= 2[x2 –6x + 9]

= 2x2 –12x + 18

continued ☛
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73c The product of two binomials continued

a.  2(x – 6)2

d.  –4(x – 1)2

b.  6(x – 7)2

e.  –7(x – 6)2

c.  3(x – 2)2

f.  2(x – 5)2

Example:  see previous worksheet for example.

7.  Revision: simplify.

a.  2(x + 3)2

d.  3(x + 2)2

b.  6(x + 2)2

e.  –1(x + 2)2

c.  3(x + 3)2

f.  –3(x + 3)2

Te
rm

 3
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Sign:

Date:

continued ☛

Example:

8.  Simplify.

(x + 1)(2x – 5)

= 2x2 – 5x + 2x – 5

= 2x2 – 3x – 5

a.  (x + 2)(x – 3) b.  (x + 2)(x – 4) c.  (x + 1)(x – 5)

Example:

9.  Simplify.

3(x + 1)(2x – 5)

= (3x + 3)(2x – 5)

= (3x × 2x) + (3x × – 5) + (3 × 2x) + (3 × –5)

= 6x2 – 15x + 6x – 15

= 6x2 – 9x – 15

3(x + 1)(2x – 5)

= 3(2x2 + 2x – 5x – 5)

= 3(2x2 – 3x – 5)

= 6x2 – 9x – 15

or

a.  3(x + 2)(3x – 1) b.  2(2x – 5)(3x + 1) c. 5(2x + 7)(3x – 5)



26

73d The product of two binomials continued

10.  Simplify.

a.  2(x + 1)2 + 4(x + 2)(x – 3) b.  3(a – 2)2 + (2a – 3)(a – 4) 

Multiplying algebraic expressions together
In order to multiply two algebraic expressions, each of the terms of one algebraic 
expression is multiplied by each of the terms of the other algebraic expression and 
the result is simplifi ed by adding the like terms.

Example:

11. Multiply these algebraic expressions and simplify (delete together).

Multiply 2n + 3 by n2 – 3n + 4

 (2n + 3)(n2 – 3n + 4)

 = 2n (n2 – 3n + 4) + 3 (n2 – 3n + 4)

 = 2n × n2 + 2n (–3n) + 2n × 4 + 3 × n2 + 3 (–3n) + 3 × 4

 = 2n3 – 6n2 + 8n + 3n2 – 9n + 12

 = 2n3 – 3n2 – n + 12

 (2n + 3)(n2 – 3n + 4) = 2n3 – 3n2 – n + 12

a.  (2x + 1)(x2 – 2x + 1) =

Te
rm

 3
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Sign:

Date:

b.  (b + 6)(b2 – 12b + 2) =

12.  Multiply.

Example: Multiply 2x2 – 3x – 9
x  by –x + 7

x 

Solution: (2x2 – 3x – 9
x )(–x + 7

x ) 

  = 2x2 (–x + 
7
x ) – 3x (–x + 7

x ) – 9
x  (–x + 7

x )

  = 2x2 × (–x) + 2x2 × 7
x  – 3x × (–x) – 3x × 7

x  – 9
x  × (–x) – 9

x  × 7
x 

  = –2x3 + 14x + 3x2 – 21 + 9 – 63
x2

  = –2x3 + 3x2 + 14x – 12 – 63
x2

  (2x2 – 3x – 9
x )(–x + 7

x ) = –2x3 + 3x2 + 14x – 12 – 
63
x2

a.  c2 + 7c – 14 by – c + 7
c b.  2b2 – 5b – 5

b  by – b + 2
b 

Problem solving

Create two binomial expressions (with coeffi cients that are positive or negative integers).  Multiply them 
together and simplify the product.
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74 Divide a trinomial and polynomial
by a monomial

Te
rm

 3

Compare the examples.

4x4 – 2x3

2x2

= 4x4

2x2  – 
2x3

2x2

= 2x4–2 – x3–2

= 2x2 – x

Example 1:

x3

x2

= 
x.x.x
x.x

= x

Example 2:
6x3 – 8x2

2x

= 
6x3

2x  – 
8x2

2x

= 3x3–1 – 4x2–1

= 3x2 – 4x

Example 3:

1.  Revision: simplify using examples 1 and 2 above to guide you.

a.  
2x2 – 2x

2x b.  
3x2 – 6x

3x c.  
10x2 – 10x

5x

2.  Simplify.

Example: 6x3 – 8x2 + 2x + 10
2x

= 
6x3

2x  – 8x2

2x  + 
2x
2x  + 

10
2x

= 3x3–1 – 4x2–1 + 1 + 
5
x

= 3x2 – 4x + 1 + 
5
x

a.  6x3 + 2x2 + 2x
2x

b.  12x3 + 6x2 + 6x
3x c.  15x3 + 10x2 + 30x

5x
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Sign:

Date:

d.  
6x3 + 8x2 + 2x + 8

2x e.  
12x3 + 6x2 + 9x + 9

3x f. 
20x3 + 16x2 – 8x – 8

4x  

3. Divide and test.

 Example: (2x2 + 5x + 3) ÷ (2x + 3)

x + 1

a.  (3x2 + 7x + 4) ÷ (3x + 4) =

Test
(2x + 3) (x + 1)
= 2x2 + 3x + 2x + 3
= 2x2 + 5x + 3

Problem solving

Create a polynomial divided by a monomial.

Find the remainder when x2 – x + 1 is divided by x + 1.

Find the quotient and remainder when x4 + 2x3 + 2
3 x – 1

3  is divided by x2 + 1
3 .

b.  (5x2 + 21x + 18) ÷ (5x + 6) =

c.  (2x2 + 18x + 16) ÷ (x + 2) =

2x + 3 2x2 + 5x + 3
–(2x2 + 3x)

2x + 3
–(2x + 3)
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Look at this example:

75a Algebraic expressions and substitution
Te

rm
 3

We can evaluate any algebraic expression for 
Given values(s) of the variable(s) occurring in it.

Find the value of 3x2 – x + 2 when x = 2

Let us understand the steps involved.

First, substitute the given variable 
with the given value, i.e.
3 × (22) – (2) + 2

And then simplify the numerical 
result obtained in the fi rst step.
3 × 22 – 2 + 2 = 3 × 4 – 2 + 2
   = 12 – 2 + 2
   = 12
therefore

3x2 – x + 2 = 12 when x = 2

Example:

1.   Evaluate each of the following algebraic expressions for the indicated value of the 
variable: x = 4

x2 + 3x – 5
(4)2 + 3(4) – 5
= 16 + 12 – 5
= 28 – 5
= 23

a.  x2 + 2x – 8 b.  x2 + 3x – 5 c.  x2 – 3x – 8

d.  x2 – 4x + 2 e.  x2 + 2x – 4 f.  x2 – 5x – 10

Take two other examples:

(3x2 – 3x + 1)(x – 1) when x = 3
Substitute x with 3 and we get
(3 × 32 – 3 × 3 + 1)(3 – 1)
= (3 × 9 – 9 + 1)(2)
= 2(19) = 38

(3x2 – 1) + (4x3 – 4x – 3) when x = –1
Substitute with x = –1 and we get
[3 × (–1)2 – 1] + [4(–1)3 –4 (–1) –3]
= 3 – 1 + [–4 + 4 – 3]
= 2 – 3
= –1
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Sign:

Date:

Example:

2.   Evaluate each of the following algebraic expressions for
the indicated value of the variable: x = –1

2
3 x3 + 4

5 x2 – 7
5 

= 2
3 (–1)3 + 4

5 (–1)2 – 7
5 

= – 2
3  + 4

5  – 7
5 

= – 2
3  – 3

5 

= –10–9
15 

= –19
15 

= –1
4

15 

a.  1
2 x2 + 3

4 x – 2
4 b.  3

4 x3 + 1
2 x – 1

4 c.  1
2 x2 + 1

2 x – 1
10 

d.  3
4 x2 – 1

2 x + 1
5 e.  1

8 x3 + 1
4 x + 1

3 f.  1
3 x2 + 1

4 x + 1
12 

Example:

3.   Evaluate each of the following algebraic expressions for the indicated value of the 
variable: x = 

1
3 

2
3x  + x2

4  – 7
x2 

= 
2

3(  )  + 4  – 
7

(  )2

= 
2
1  + 4  – 

7

= 2 + ( 1
9  ÷ 4

1 ) – ( 7
1  ÷ 1

9 )

= 2 + ( 1
9  × 1

4 ) – ( 7
1  × 9

1 )

= 2 + 1
36  – 63

1 

= 2 – 63 + 1
36 

= –61 1
36 

continued ☛

1
3 

1
3 

1
3 1

9 
1
9 
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75b Algebraic expressions and substitution 
continued

Te
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a.  4
5 x2 + 

1
5 x – 1

6 b.  1
4 x3 – 

1
7 x – 

1
5 c.  1

8 x – 
3
4 x – 4

5 

Example: if

4.   Evaluate each of the following algebraic expressions for the indicated values of 
the variables:  x = 2  and  y = 1

x = 2  and  y = 1

then 
x2

y  + 3xy – 11

 = 
22

1  + (3)(2)(1) – 11

 = (
4
1 ) + 6 – 11

 = 4 + 6 – 11

 = –1

a.  
x2

y  + 2xy + 5 = b.  x2

y  + 3xy + 11 = c.  x2

y2  – 3xy – 7 =

d.  x2

y2  – 2xy – 3 = e.  x2

y  + 4xy + 10 = f.  x3

y3  + 4xy + 2 =
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Sign:

Date:

Problem solving

Explain in your own words what it means to evaluate an algebraic expression for the indicated values.  
You can make use of an example to explain this.

Example:     

5.   Evaluate each of the following algebraic expressions for the indicated values of 
the variables:  x = 2, y = 1  and  z = –3 

    If x = 2, y = 1, z = –3

    then xyz – x3 – y3 + z3

= (2)(1)(–3) – (2)3 – (1)3 + (–3)3

= –6 – 8 – 1 – 27

= –42

a.  xyz + x2 + y2 + 23 = b.  xyz + x3 – y2 – 23 = c.  xyz – x3 – y3 + 22 =

d.  x2yz3 – x2 + y2 – 22 = e.  xyz + x3 + y3 – 23 = f.  xyz – x2 – y2 + 22 =
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76 Factorise algebraic expressions
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Factorising is the reverse of 
expanding an expression 
through multiplication.

Expand: 2x (x + 3)
 = 2x2 + 6x

Factorise: 2x2 + 6x
 = 2x (x + 3)

Factorise: a – 4b
 = 1 (a – 4b)

Factorise: 4b – a
 = –1 (a – 4b)

Note that 1 and –1 are 
common factors of every 
expression.

2x2 6x2x

3x

Example:

1.  Multiply a monomial by a binomial and factorise your answer.

Expand: 2x(x + 3)

  = 2x2 + 6x

a.  2(x – 3)

Factorise: 2x2 + 6x

  = 2x(x + 3)

b.  4x(x – 1)

c.  x(y + 1) d.  p(q + 3)

e.  2a(a + 1) f.  abc(ab – abc)
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Sign:

Date:

Example:

2.  Factorise the following (always start by looking for a common factor, 
do not forget 1 or –1 and write the terms in the factor in alphabetical order).

Factorise: a – 4b

  = 1(a – 4b)

a.  y – x2 =

Factorise: 4b – a

  = –1(a – 4b)

b.  2x2 – c =

c.  –x2 + 1 = d.  p2q2 – n =

Problem solving

Expand the following and prove your answer by factorising.     2(p3 + 8p2 – 5p)
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77 Factorise more algebraic expressions
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Remember: Factorising is the reverse of expanding.

Revise how to factorise.
Look for the largest number that can divide into each term 
of the given expression. Look for any common factors.
12x + 20xy
= 4x(3 + 5y)

Check by expanding your answer.

4x(3 – 5y)
= 12x + 20xy

To factorise, rewrite 
the expression as 
factors multiplied 
together.

This is because 4x is the largest 
factor of both 12x and 20xy.

Example: 6a4 – 4a2

  = 2a2 (3a2 – 2)

Check your answer by multiplication: 
2a2 (3a2 – 2)
= 2a2 x 3a2 + 2a2 (– 2)= 6a4 – 4a2

1.  Factorise.

a.  8y4 – 4y2 b.  10a4 – 6a2

c.  18x4 – 36x2 d.  12m4 – 15m2

Example: ax – bx + 2a – 2b
  = x(a – b) + 2(a – b)
  =(a – b)(x + 2)

2.  Factorise (group terms together).

a.  bx – cx + 3b – 3c b.  cd – ce + 2d – 2e 

c.  cy – dy + 2c – 2d d.  mx – my + 5x – 5y 

Check your answer: 
(a – b) (x + 2)
= ax – bx + 2a – 2b
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Sign:

Date:

Factorise

a.  am – bm + 2a – 2b b.  k(2k – 4m) + (7k – 14m)  c.  4x4 – 16y2 =

d.  mn – pn + 2m – 2p e.  4p(c – d) – 7(–d + c)

Example: 2x(a – b) – 3(a – b)
  = (a – b)(2x – 3)

3.  Factorise (group terms together).

a.  3x(m – n) – 2(–n + m) = b.  3q(d – e) – 1(–e + d) =

c.  2a(x – y) – 5(–y + x) = d.  2d(a – c) – 3(–c + a) =

Example: 2x(a – b) – 3(b – a)
  = 2x(a – b) – 3(–a + b)
  = 2x(a – b) + 3(a – b)
  = (a – b)(2x + 3)

4.  Factorise. (Remember to look for a common factor fi rst.)

a.  5d2 + 20d + 2d + 8 b.  3a2bc – 4abc + 6a2 + 8a

c.  6b4 – 2b2 = d.  3m(p – q) – 3(–q + p) =

Example: (a + b)2 – 5(a + b)
  = (a + b)[(a + b) – 5]
  = (a + b)(a + b – 5)

5.  Factorise.

a.  7(x2 – xy) + (y – x) = b.  ab2 – ac2 =

c.  121b2 + 11b = d.  9(a2 – ab) – 6(a – b) =

Check your answer: 
(a – b) (2x – 3)
= 2ax – 3a – 2bx + 3b

Check your answer: 
(a – b) (2x + 3)
= 2ax – 2bx + 3a – 3b

and
  2x (a – b) –3 (a – b)
  = 2ax – bx – 3a + 3b

and
  2x (a – b) –3 (b – a)
  = 2ax – 2bx – 3b + 3a
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78 Factorise more algebraic expressions
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Look at the examples.  Describe what happens in them

Example 1:

25a2 – 1

= (5a – 1)(5a + 1)

Example 4:

9(a + b)2 – 1

= [3(a + b) – 1] [3(a + b) + 1]

= (3a + b – 1) (3a + 3b + 1)

Example 2:

a4 – b4

= (a2 – b2)(a2 + b2)
= (a – b)(a + b) (a2 + b2)

Example 3: 3x2 – 27

  = 3(x2 – 9)

  = 3(x + 3)(x – 3)

Example: See example 1 above.

1.  Factorise.

a.  36x2 – 1 b.  16y2 – 1

c.  64p2 – 1 d.  49m2 – 1

e.  100a2 – 1 f.  9q2 – 1

Example: See example 2 above.

2.  Factorise.

a.  d4 – g4 = b.  x16 – y16 =

c.  m8 – m8 = d.  p4 – q4 =
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Date:

Problem solving

Is 12 a factor of 48?     Is 3p2 a factor of 6p4?

Is 12x3y2z5 a factor of 24x4y5z6? How do you know?

If –x3 + 5x2 –4x + 5 is a polynomial, what is the common factor?

Example: See example 4 on the previous page.

4.  Factorise.

a.  36(x + y)2 – 4 = b.  4(m + n)2 – 49 =

c.  16(d + e)2 – 81 = d.  25(o + p)2 – 81 =

e.  49(v + w)2 – 16 = f.  (q + r)2 – 16 =

Example: See example 3 on the previous page.

3.  Factorise.

a.  4x2 – 64 b.  2x2 – 2

c.  3x2 – 39 d.  7x2 – 56

e.  6x2 – 42 f.  9x2 – 90

e.  v4 – w4 = f.  s8 – t8 =
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79 Factorise more algebraic expressions
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Look at the examples. Discuss them.

2x + 6y
x + 3y

= 
2(x + 3y)
(x + 3y)

= 2

Example 1: Example 2: Example 3:
3x – 3y
6x – 6y

= 
3(x – y)
6(x – y)

= 
1
2

9a2 – 1
3a + 1

= 
(3a – 1)(3a + 1)

3a + 1

= 3a – 1

a.  
3x + 6y
x + 2y b.  

2x + 8y
x + 4y c.  

2x + 12y
x + 6y

d.  
3x + 9y
x + 3y e.  

2x + 10y
x + 5y f.  

5x + 10y
x + 2y

a.  
2x – 2y
5x – 5y b.  

3x – 3y
9x – 9y c.  

5x – 5y
10x – 10y

Example: See example 2 above.

Example: See example 1 above.

2.  Factorise.

1.  Factorise.
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Problem solving

Factorise:

a. b. c. d.                                 e.

f. g. h. i.                                     j.

d.  
4x – 4y
8x – 8y e.  

2x – 2y
6x – 6y f.  

4x – 4y
12x – 12y

a.  
81a2 – 1
9a + 1 b.  

36a2 – 1
6a + 1 c.  

16a2 – 1
4a – 1

Example: See example 3 on the previous page.

3.  Factorise.

d.  
121a2 – 1
11a + 1 e.  

25a2 – 1
5a + 1 f.  

100a2 – 1
10a – 1

25x + 25y
30x + 30y

7a – 7b
14a – 14b

4x + 28y
x + 7y

256a2 – 1
16a + 1

27x – 27y
81x – 81y

12x – 108y
x – 9y

225a2 – 1
15a + 1

169a2 + 1
13a + 1

8x + 56y
x + 7y

16x – 16y
42x – 42y



42
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expressions
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( 
   

   
   

  )

   x2  3x

 2x  6

x
+
2

(x + 3)

( 
   

   
   

  )

Revise.

Example:

1.  Factorise.

x2 + 5x + 6

= x2 + 5x + 6

= (x + 3)(x + 2)

x2 + 5x + 6
= x2 + 5x + 6
= (x + 3)(x + 2)

Both operations 
are positive.

 + 2)
3 × 2 = 6= x  + 5

= (x + 3)(x + 3)(x
3 + 2 = 5

x2 – 5x + 6
(x – 3)(x – 2)

x2 – x – 6
(x – 3)(x + 2)

    x2 –2x

–3x  6

(x – 2)

x
–
3

    x2   2x

–3x –6

x
–
3

(x + 2)
( 

   
   

   
  )

   x2   3x

2x   6

x
+
2

(x + 3)

( 
   

   
   

 )

a.  x2 + 3x + 2 b.  x2 + 4x + 3

c.  x2 + 6x + 5 d.  x2 + 8x + 12

e.  x2 + 4x + 4 f.  x2 + 12x + 20
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Problem solving

Factorise x2 + 15x + 56   x2 – 2x – 45

 x2 + 14x + 48   x2 – x + 132

 x2 + 13x + 42   x2 – 16x + 63

 x2 + 13x + 42   x2 – 10x – 24

 x2 + 13x + 40   x2 – x – 72

Example:

2.  Factorise.

x2 – 5x + 6

= (x – 3)(x – 2)     x2  –2x

–3x   6

x
–
3

(x – 2)

( 
   

   
   

  )

a.  x2 – 6x + 9 b.  x2 – 4x + 3 c.  x2 – 6x + 8

d.  x2 – 9x + 8 e.  x2 – 12x + 20 f.  x2 – 7x + 6

Example:

3.  Factorise.

x2 – x – 6

= (x – 3)(x + 2)     x2   2x

–3x –6

x
–
3

(x + 2)

( 
   

   
   

  )

a.  x2 – x – 12 b.  x2 – 3x – 10 c.  x2 – x – 2

d.  x2 – 2x – 24 e.  x2 – 2x – 15 f.  x2 – 2x – 8
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Look at the examples. Discuss.

–2x   = 8

–2x
–2  = 

8
–2

      x = –4

Example 1: Example 2:
      3x + 1 = 7

3x + 1 – 1 = 7 – 1

           3x  = 6

                 = 
6
3

              x = 2

Example:

1.  Solve for x.

      x – 3 = 4
x – 3 + 3 = 4 + 3
            x = 7

a.  x – 4 = 7 b.  x – 4 = 9 c.  x – 4 = 15

d.  x – 3 = 8 e.  x – 2 = 12 f.  x – 5 = 9

Example:

2.  Solve for x.

  –6x = –12

 
–6x
–6  = 

–12
–6 

   x    = 2

a.  –4x = –16 b.  –x = –15 c.  –7x = –28

d.  –3x = –9 e.  –3x = –21 f.  –9x = –90

3x
3
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Problem solving

Gugu is 9 years older than Sam. In 3 years’ time Gugu will be twice as old as Sam. How old is Gugu now?

Peter has fi ve computer games. Sarah has twice as many as Peter. Thoko has two more than Sarah and  
Peter together. How many games does Thoko have?

Thapelo has six sweets more than Palesa. In total they have 24 sweets. How many sweets does Palesa 
have?

g.  –3x = –18 h.  –2x = –30 i.  –5x = –25

Example:

3.  Solve for x.

      4x – 3 = 9
4x – 3 + 3 = 9 + 3
            4x = 12
            

4x
4  = 12

4 

             x = 3

a.  4x – 4 = 4 b.  2x – 15 = 1 c.  8x – 8 = 8

Write an equation for each of these and solve it.

Melissa starts to save money in her piggy bank. She starts with R5 in January and saves double the amount 
in each consecutive month. How much money did she save after 6 months?

d.  2x – 15 = 1 e.  5x  – 10 = 10 f.  12x – 9 = 27

g.  6x – 15 = 15 h.  7x – 5 = 9 i.  2x – 3 = 3
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Look at the example. Discuss.

Solve for x.
x2 – 3x = 0
x (x – 3) = 0 (Make sure the right hand side is zero then factorise left-hand side)
x = 0 or x – 3 = 0 (at least one factor = 0)
Therefore x = 0 or x = 3 (add 3 to both sides to solve the equation)

Example:

1.  Solve the following equations:

  x2 + 4x = 0
x(x + 4) = 0
x = 0 or x + 4 = 0
x = 0 or x = –4

a.  a2 + 8a = 0 b.  t2 + 9t = 0 c.  x2 + 7x = 0

d.  x2 + 5x = 0 e.  q2 + 12q = 0 f.  q2 + 10q = 0

g.  b2 + 6b = 0 h.  m2 + 2m = 0 i.  s2 + 4s = 0

j.  y2 + 2y = 0
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Example: 

2.  Solve for x.

 2x2 + 4x = 0
2x(x + 2) = 0
      2x = 0 or x + 2 = 0
            2x

2  = 0
2  or x + 2 – 2 = –2

    ∴  x = 0 or x = –2

a.  5x2 + 10x = 0 b.  2a2 + 2a = 0 c.  12p2 + 24p = 0

d.  6a2 + 12a = 0 e.  8b2 + 8b = 0 f.  7x2 + 28x = 0

g.  3x2 + 9x = 0 h.  4x2 + 12x = 0 i.  9b2 + 27b = 0

j.  2x2 + 8x = 0

How fast can you solve for x?

a.  9x2 + 15x = 0    f.  x2 – 4 = 0

b.  x3 + x2 = 0    g.  x2 – 11x = 0

c.  x2 – 121 = 0    h.  4x2 + 100x = 0

d.  12x2 + 9x = 0    i.  7x2 + 49x = 0

e.  3x2 – 27x = 0    j.  5x2 – 225x = 0

Do the inverse operation.
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Look at the example. Discuss.

Solve for x if x2 – 25 = 0
At least one factor = 0

(x + 5)(x – 5) = 0

x + 5 = 0 or x – 5 = 0

Therefore x = – 5 or x = 5

[Factorise the difference of two squares on 
the left-hand side.]

Example:

1.  Solve for x:

Solve for x if x2 – 16 = 0

(x + 4)(x – 4) = 0

x = –4 or x = 4

a.  x2 – 9 = 0 b.  x2 – 36 = 0 c.  x2 – 25 = 0

d.  x2 – 169 = 0 e.  x2 – 4 = 0 f. x2 – 100 = 0

g.  x2 – 64 = 0 h.  x2 – 144 = 0 i.  x2 – 16 = 0

j.  x2 – 225 = 0

Therefore 

the left-hand side.]

Add –5 to both 
sides of the 
equation.

Add 5 to 
both sides of 
the equation.

2.  Solve for x: x2 – 6,25 = 0
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Example:

3.  Expand:

(x + 4)(x – 4) = 0

x2 – 16 = 0

a.  (x + 2)(x – 2) = 0 b.  (x + 7)(x – 7) = 0 c.  (x + 5)(x – 5) = 0

d.  (x + 9)(x – 9) = 0 e.  (x + 3)(x – 3) = 0 f.  (x + 8)(x – 8) = 0

g.  (x + 11)(x – 11) = 0 h.  (x + 12)(x – 12) = 0 i.  (x + 10)(x – 10) = 0

j.  (x + 14)(x – 14) = 0 4.  Calculate: (x + 1,2)(x – 1,2) = 0

How fast can you solve this?

x2 – 1 = 0

x2 – 400 = 0

x2 – 256 = 0

Solve for x if:

x2 – 16 = 0

x2 – 81 = 0
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1.  Find the volume of these prisms by using the above formula.

a. l = 4x cm
 b = 4x cm
 h = 5x cm

b. l = 3x cm
 b = x + 3 cm
 h = x + 1 cm

c. l = 2x + 2 cm
 b = x + 3 cm
 h = x cm

Look at the example. Discuss.

A rectangular prism with the following measurements:
    Length = (2x) cm 
    Breadth = (x – 1) cm
    Height = (2x + 2) cm

Volume = length × breadth × height

l × b × h
= (2x)cm × (x – 1)cm × (2x + 2)cm
= (2x)(x – 1) × (2x + 2)cm3

= (2x2 – 2x) × (2x + 2)cm3

= 4x3 + 4x2 – 4x2 – 4x cm3

= 4x3 + 4x cm3

d. l = 4x  cm
 b = x + 2 cm
 h = 3x + 1 cm

e. l = 4x cm
 b = x + 1 cm
 h = x + 2 cm

f. l = 2x cm
 b = 2x + 3 cm
 h = 3x + 1 cm
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g. l = 8x cm
 b = 5x cm
 h = 10x cm

h. l = (3x + 2) cm
 b = (4x + 1) cm
 h = 5x cm

i. l =  (3x + 4)cm
 b = (2x + 3) cm
 h = 5x cm

2.  Calculate the volume of these prisms in terms of x.

a. b.

c. d.

5x + 1

2x

3x
 +

 2

2x + 1

2x + 1

3x

4x + 1

2x
 +

 1

2x
 +

 1

3x

3x + 1

4x
 +

 5

Problem solving

– Look around the classroom or your home and create your own problems by measuring items such as 
boxes and rectangular prism containers (tissue boxes, lunch tins, pencil cases, etc.)

– If x = 3, calculate the actual volumes in question 2 above.

2x + 1
x + 1
x

2x
 +

 1
x +

 1
x
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Look at the examples. Discuss.

85 Algebraic equations: substitution
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y = 2x2 + 4x + 3. Calculate y if x = –2:

Example:

1. Calculate the value of y if x = –1 using both methods.

y = 3x2 + 6x + 2
y = 3(–1)2 + 6 (–1) + 2
= 3 – 6 + 2
= –1

a.  y = 2x2 + 8x + 3

y = 2(–2)2 + 4 (–2) + 3
or
= 8 – 8 + 3
= 3

y = 2x(x + 2) + 3
= 2(–2)(–2 + 2) + 3
= 2 (–2)(0) + 3
= 0 + 3
= 3

y = 3x2 + 6x + 2
y = 3x(x + 2) + 2
= 3(–1)(–1 + 2) + 2
= 3(–1)(1) + 2
= –3 + 2
= –1

or

b.  y = 7x2 + 14x + 1

c.  y = 2b2 + 4b + 5 d.  y = 3x2 + 9x + 5
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e.  y = 3x2 + 6x + 5 f.  y = 6x2 + 12x + 4

g.  y = 5x2 + 10x + 2 h.  y = 4a2 + 8a + 2

i.  y = 3n2 + 6x + 3 j.  y = 2x2 + 6x + 5

Problem solving

y = x2 + 5x + 3; x = –2

Substitute with the given value for the variable and calculate.

y = 2x2 + 7x – 14; x = 3

y = 5x2 + 6x + 12; x = –6

y = 4x2 + 10x + 15; x = 3

y = x2 + 9x – 7; x = 4
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1.  Write an equation for each of these and solve them.

Read and discuss before solving the problems.

Try to understand and not just memorise. 
Yes, sometimes we need to memorise formulae and methods, but then make sure 
you can explain to yourself and to other learners how they work.

If you get stuck when trying to solve an equation, try to approach the problem from 
a different point of view. Is there another way of looking at the problem? Is there 
another way of doing it? Can you solve part of the problem fi rst?

For example, if you need to show whether an expression is positive or negative, and 
you cannot do it algebraically, a graphical method might help.

a. 331 students went on a fi eld trip. Six buses were fi lled and seven students travelled in 
cars. How many students were in each bus?

b. Bongiwe had R24 to spend on seven pencils. After buying them she had R10 left. 
How much did each pencil cost?
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continued ☛

c. The sum of three consecutive numbers is 72. What is the smallest of these 
numbers?

d. The sum of three consecutive even numbers is 48. What is the smallest of these 
numbers?

e. You bought a magazine for R5 and four erasers. You spent a total of R25. How much 
did each eraser cost?
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Using algebraic equations to solve 
practical problems continued

f. Suzanne had many boxes. She bought seven more. A week later half of all her boxes 
were damaged. There were only 22 undamaged boxes left. How many boxes did 
she start off with?

g. Riana spent half of her monthly allowance on cell phone airtime. To help her earn 
more money, her parents let her wash and vacuum their car for R40. What is her 
monthly allowance if she ended up with R120?

h. Rebecca had some sweets to give to her four friends. She kept 10 sweets for herself 
and then divided the rest evenly among her friends. Each friend received two 
sweets. With how many sweets did she start? 
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i. How old am I if 400 reduced by two times my age is 244?

j. Mpho sold half of her books and then bought 16 more. She now has 36 books. With 
how many did she begin?

k. For a fi eld trip, four learners travelled by car and the rest in nine buses. How many 
learners were in each bus if 472 students went on the trip? 

Problem solving

Write fi ve of your own problems and solve them. Write down the rule that solves them.
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Look at the example. Discuss.

Example: Complete the table below for x and y values for the equation: y = 2x2 – 3.

x –2 –1 0 1 2

y 5 –1 –3 –1 5

y = 2(–2)2 – 3
= 2(4) – 3
= 8 – 3
= 5

y = 2(–1)2 – 3
= 2(1) – 3
= 2 – 3
= –1

y = 2(0)2 – 3
= 0 – 3
= – 3

y = 2(1)2 – 3
= 2 – 3
= 2 – 3
= –1

y = 2(2)2 – 3
= 8 – 3
= 5

1.  Complete the table below for x and y values for the equation. 

a. y = 3x2 – 4 b. y = 4x2 – 3 c. y = 2x2 – 1

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y

d. y = 5x2 – 7 e. y = 5x2 – 3 f. y = 2x2 – 2

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y

g. y = 3x2 – 6 h. y = 4x2 – 2 i. y = 2x2 – 6

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y

x –2 –1 0 1 2

y
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a. y = x2 – 3 b. y = x2 – 10 c. y = x2 – 4

x –5 –3 0

y 1 13

x –4 –2 0

y 15 26

x –7 –5 0

y 21 96

d. y = x2 – 1 e. y = x2 – 7 f. y = x2 – 9

x –2 –1 0

y 48 63

x –2 –1 0

y 74 93

x –2 –1 0

y 16 27

g. y = x2 – 5 h. y = x2 – 8 i. y = x2 – 6

x –2 –1 0

y –1 4

x –2 –1 0

y –4 8

x –2 –1 0

y –5 3

More equations...

y = 3x2 – 4

Choose your own values for the variable. Draw tables and solve for y.

y = 2x2 – 6 y = 5p2 – 10 y = 6x2 – 5 y = q2 – 1

Example:

2.  Complete the table below for x and y values for the equation.

y = x2 – 2

x –3 –2 0 1 3

y 7 2 –2 –1 7

y = (–3)2 – 2

= 9 – 2

= 7

y = (–2)2 – 2

= 4 – 2

= 2

y = (0)2 – 2

= 0 – 2

= – 2

– 1 = x2 – 2

x2 = 1

x = 1

7 = x2 – 2

x2 = 9

x = 3
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1.  Answer the following questions.

A linear equation is an equation with one or more variables which can be 
represented by a straight line on a graph. The equation is never squared or square 
rooted. Example: y = x + 2.

a. What does linear mean?

x y = x + 2 Ordered pair (coordinates)

–2 –2 + 2 = 0  (–2, 0)
–1 –1 + 2 = 1  (–1, 1)
 0   0 + 2 = 2   (0, 2)
 1   1 + 2 = 3   (1, 3)
 2   2 + 2 = 4   (2, 4)

–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

x

y

–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

x

y

y = x + 2 Ordered pair (coordinates)

 –2 + 2 = 0  (–2, 0)

Choose some 
values for x.

   2 + 2 = 4   (2, 4) You plot these 
chosen points on 
the set of axes.

This is a

discrete function

that consists of
isolated points.

If we draw a line 
through all the points 
and extend the line 

in both directions, we 
get a

continuous function
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b. Is y = x + 3 linear or non–linear? Draw it.

c. Is y = x2 + 2 linear or non–linear? Draw it.

d. Compare you answers to b and c. Do exponents make an equation linear or non–
linear?

continued ☛
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–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

x

y

–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

x

y

A linear graph

means a straight 
line that increases 

or decreases.

Example:

Look at the examples. Discuss.

(–3; –3) and (3; 3)
Increasing

(–3; 3) and (3; –3)
Decreasing

–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

If a graph increases 
or decreases in a 
curved line it is a

non–linear graph.

A non–linear graph 
is not a straight line 

graph.

x

y
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2.  Describe each graph using the words highlighted in green in this worksheet.

a. b. c.

d. e. f.

Problem solving

Draw a graph that includes four of the features learned in this worksheet.

y

yyy

yy

x

xxx

xx
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Read and discuss.Read and discuss. The point at which the line crosses the

y–axis is called the y–intercept The y–intercept is the point on the 
graph where the value of x is zero: 
y–intercept = (0, y)

–3 –2 –1  0 1 2 3

3

2

1

–1

–2

–3

The x–intercept is the point on the 
graph where the value of y is zero: 
x–intercept = (x, 0)

Example: Find the x and y intercepts of the graph of y = 2x – 7
To fi nd the y–intercept,   To fi nd the x–intercept,
substitute x with 0.    substitute y with 0.
y = 2(0) – 7     0 = 2x – 7
y = –7      2x = 7

      x = 7
2 

The y–intercept is at point (0, –7) and the x–intercept is at point ( 7
2 , 0)

Think back:

THEN
Think back to when you were in 
primary school: your worksheets 
contained statements like

 + 3 = 4 and you had to fi ll in
the box.

NOW
Now you can say "x + 3 = 4"

Using function notation
These y = equations are functions. f(x) is 
the symbol for a function involving a single 
variable (in this case x).

Previously we would have said:
y = 2x + 5; solve for y if x = –2.

Now you can say:
f(x) = 2x + 5, fi nd f(–2).

Example:   f(x) = 2x + 5, fi nd f(–2)
f(–2) = 2(–2) + 5
    = – 4 + 5
    = 1

Let us proceed with x– and y–intercepts.  

Find x– and y–intercepts of y = f(x) = x2 + x –2.

To fi nd the x–intercepts, we solve   To fi nd the y–intercept, we substitute x = 0
f(x) = x2 + x – 2     f(0) = (0)2 + (0) – 2.
    0 = x2 + x – 2         y = 02 + 0 – 2
    0 = (x + 2)(x – 1)         y = – 2
    x = 1 or x = –2         y = –2

So x–intercepts are (1, 0) and (–2, 0) and the y–intercepts are (0, –2)

–3 –2 –1  0 1 2 3–3 –2 –1  0 1 2 3

The point at which the line crosses the

x–axis is called the x–intercept

y

x
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If the x–intercept is 4, what could the y–intercept be?

Example: To fi nd the y–intercept, substitute x with 0
y = 2(0) – 7
y = –7

1. Find the x– and y–intercepts.

To fi nd the x–intercept, substitute y with 0
0 = 2x – 7
2x = 7
x = 7

2  = 3.5

a. y = 2x + 4 b. y = 2x + 7 c. y = 2x – 5

2. Find the x– and y–intercepts.

d. y = 3x – 6 e. y = –4x – 1 f. y = –3x – 2

a. y = x2 + 2x + 1 b. y = x2 + 3x – 2 c. y = x2 + 4x – 2 

d. y = x2 + 5x – 4 e. y = x2 – 2x – 1 f. y = x2 – 4x + 3 
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Change in height.

Gradient: 
Change in y
Change in x 

Change in y.

Always move from left to right to 
determine slope and increasing and 

decreasing

Change in x.

Change in x

Change in horizontal distance.

Starting from the left with the line going  
up to the right is a positive gradient

Look at these examples:

3

3

5

2

2

4

The gradient of the 
line is 3

3  = 1.

5
2  = 2 1

2  = 2,5
The line is steeper 
so the gradient is 
larger.

2
4  = 1

2  = 0,5
The line is less 
steep, so the 
gradient is smaller.

y

yyy

x

xxx
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continued ☛

Starting from the left with the line going down to the right is a negative gradient.

–3

3

2

4

The gradient is:
–3
3  
= –1

–5
2  

= –2 1
2

= –2,5

–5

–2

–2
4  
= – 1

2
= –0,5

Negative gradient:

Remember these terms that we use when we talk about linear and non–linear 
graphs:

linear

minimum

maximumnon–linear

increasing decreasing

y

y

y y

x

x x

x x

y y

x x x

y y
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1. What are the gradients of these lines? 

a. b.

c. d.

x

x

y

y

y

y

x

x
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Problem solving

How would you determine the gradient of any object in your home.

2. What are the gradients of these lines?

a.

c.

e.

b.

d.

f.

x x

xx

x x

y y

yy

y y
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1.  Plot the following on the Cartesian plane. Use some of the above words to 
describe the graphs.

91 Use tables of ordered pairs
Te
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x –4 –3 –2 –1 0 1 2 3 4

y –1 0 1 2 3 4 5 6 7

–10 –9 –8 –7 –6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6 7 8 9 10

10

9

8

7

6

5

4

3

2

1

–1

–2

–3

–4

–5

–6

–7

–8

–9

–10

a.
x –4 –3 –2 –1 0 1 2 3 4

y –3 –2 –1 0 1 2 3 4 5

b.
x –4 –3 –2 –1 0 1 2 3 4

y –5 –4 –3 –2 –1 0 1 2 3

Describe the graph using:
• Linear or non–linear
• Constant, increasing, decreasing
• Maximum or minimum (or not applicable)
• Discrete or continuous
• y–intercept and x–intercept

x

y
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c.
x –4 –3 –2 –1 0 1 2 3 4

y 4 3 2 1 2 –1 –2 –3 –4

d.
x –4 –3 –2 –1 0 1 2 3 4

y 1 0 1 2 3 4 5 6 7

e.
x –4 –3 –2 –1 0 1 2 3 4

y 18 11 6 3 0 3 6 11 18

f.
x –4 –3 –2 –1 0 1 2 3 4

y –2 0 2 0 –2 0 2 0 –2

Problem solving

Create your own table with ordered pairs and a graph showing a linear graph intercepting the x–axis 
and y–axis.
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x 4 4 4 4 4 4 4

y –3 –2 –1 0 1 2 3

x = 4
In this equation for all the values of y, x = 4 and it is plotted as a straight vertical 
line. We can say that the equation is independent from y.

If you write it in a table, it looks like this:

–5 –4 –3 –2 –1  0 1 2 3 4 5

5

4

3

2

1

–1

–2

–3

–4

–5

(–3,4) (–2,4) (–1,4) (1,4) (2,4) (3,4)

(4,3)

(4,2)

(4,1)

(4,0)

(4,–1)

(4,–2)

(4,–3)

x –3 –2 –1 0 1 2 3

y 4 4 4 4 4 4 4

y = 4
This equation is independent from x, so for all values of x, y = 4, it is plotted as a 
straight horizontal line.

1.  Sketch and compare the graphs of:

These are the 
ordered pairs.

a. x = 3
 y = 3

x
y

x
y

b. x = –2
 y = –2

These are the 
ordered pairs.

x

y
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c. x = 5
 y = 5

x
y

x
y

d. x = 7
 y = 7

e. x = –6
 y = 6

x
y

x
y

f. x = –8
 y = 8

Problem solving

Sketch and compare the graphs of y = 2,5 and x = 2,5.
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93 Yet more graphs
Te

rm
 3

x –3 –2 –1 0 1 2 3

y –3 –2 –1 0 1 2 3

x = y

1.  Sketch and compare the graphs. Use the graph paper on the next page. Use 
colour and label each graph.

Is this graph 
linear or 

non–linear?

a. x = y

–4 –3 –2 –1  0 1 2 3 4

4

3

2

1

–1

–2

–3

–4

(–3,–3)

(–1,–1)

(–2,–2)

(1,1)

(3,3)

(2,2)

What are 
ordered pairs?

Is this graph 
constant, 

increasing or 
decreasing?

What will 
the graph 

look like if it is 
decreasing?

b. x = –y

c. –x = y d. –x = –y

2.  Describe each graph.

a. Is the graph linear or non–linear?

b. Is the graph constant, increasing or decreasing?  

a. b. c. d.

a. b. c. d.

x

y
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Problem solving

Compare the graphs a, b, c and d.
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94 Yet more graphs
Te

rm
 3

Sketch and compare the graphs: y = 2x; y = 2x + 1; y = 2x – 1

y = 2x y = 2x – 1y = 2x + 1
x –3 –2 –1 0 1 2 3

y –6 –4 –2 0 2 4 6

x –3 –2 –1 0 1 2 3

y –5 –3 –1 1 3 5 7

x –3 –2 –1 0 1 2 3

y –7 –5 –3 –1 1 3 5

–8 –7 –6 –5 –4 –3 –2 –1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

–1

–2

–3

–4

–5

–6

–7

–8

0

1.  Sketch and compare the graphs of

a. y = 3x
 y = 3x + 1
 y = 3x – 1

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

x

y

x

y
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Problem solving.

Sketch and compare the graphs of y = 6x, y = 6x + 1 and y = 6x –1

–8 –7 –6 –5 –4 –3 –2 –1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

–1

–2

–3

–4

–5

–6

–7

–8

0

b. y = 5x
 y = 5x + 2
 y = 5x – 1

–8 –7 –6 –5 –4 –3 –2 –1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

–1

–2

–3

–4

–5

–6

–7

–8

0

d. y = 6x
 y = 6x + 4
 y = 6x – 1

–8 –7 –6 –5 –4 –3 –2 –1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

–1

–2

–3

–4

–5

–6

–7

–8

0

c. y = 4x
 y = 4x + 1
 y = 4x – 2

x

x

y

y

x

y
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95 Sketch and compare graphs
Te

rm
 3

y = 3x

y = 5x

y = 4x

x -3 -2 -1 0 1 2 3

y -9 -6 -3 0 3 6 9

x -3 -2 -1 0 1 2 3

y -12 -8 -4 0 4 8 12

x -3 -2 -1 0 1 2 3

y -15 -10 -5 0 5 10 15

-8 -7 -6 -5 -4 -3 -2 -1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

0

1.  Sketch, label and compare the graphs.

a. y = 2x
 y = 5x
 y = 6x

• 

• 
• 
• 

•

•

• 

• 

• 

• 

• 

••

•

•
•

•
•

•

•••
••

• 

x

y

x

y
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Problem solving

Compare the graphs in a, b, c and d.

-8 -7 -6 -5 -4 -3 -2 -1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

0

b. y = -2x
 y = -5x
 y = -6x

-8 -7 -6 -5 -4 -3 -2 -1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

0

d. y = 3x
 y = -x
 y = -2x

-8 -7 -6 -5 -4 -3 -2 -1  1 2 3 4 5 6 7 8

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

0

c. y = 3x
 y = x
 y = 2x

x

x

y

y
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96a Compare and sketch graphs
Te

rm
 3

y = -3x + 2

x –3 –2 –1 0 1

y 11 8 5 2 –1

Plot it on the graph and join the points.

• 

• 

• 

• 

• 
• 

• 

x

y

y = -3x + 2
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1.  Complete the table and sketch the graph.

a. y = 4x + 3

x

y

continued ☛

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-19

-20

-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
y

x
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96b Compare and sketch graphs continued

Te
rm

 3

b. y = 2x + 4

x

y

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-19

-20

-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

x

y
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Compare graphs a and b.

c. y = -3x + 1

x

y

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-19

-20

-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

d. y = -2x + 2

x

y

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-19

-20

-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

x

y

x

y
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 3

Equation:  y = x + 3

x -4 -3 -2 -1 0 1 2 3 4

y -1 0 1 2 3 4 5 6 7

1.  Draw a graph using the equation and the given table. If the graph increases or 
decreases, what must you change to make it increase or decrease more?

a.
x -3 -2 -1 0 1 2 3

y -13 -8 -3 2 7 12 17 Equation:  y = 5x + 2

• • 
• • 

••

• • 

• • 
• • 

• • 

• • 

x

y
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Problem solving

Determine the equation of the straight line passing through some points given by you.

e.
x -3 -2 -1 0 1 2 3

y 8 5 2 -1 -4 -7 -10

d.
x -3 -2 -1 0 1 2 3

y 7 5 3 1 -1 -3 -5

c.
x -3 -2 -1 0 1 2 3

y -14 -10 -6 -2 2 6 10

b.
x -3 -2 -1 0 1 2 3

y -18 -12 -6 0 6 12 18
Equation:  y = 6x

Equation:  y = 4x - 2

Equation:  y = 2x + 1

Equation:  y = -3x - 2
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98 More graphs
Te

rm
 3

Look at the graph and write the ordered pairs in the tables. We have done the first 
one for you.

1. a.  y = 4
x -3 -2 -1 0 1 2 3

y 4 4 4 4 4 4 4

b.  x = 4
x

y

c.  x = y
x

y

d.  y = -x
x

y

• • 

• • 

• 

• • • 

• • • • • 
• • 

• • 
• • 

• • • 

• • 

• • 
• • • 

• • 

• • 

• • 

• • 

• • 

• • • • 

• • 

• • 

• • 

x

y
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Look at the graph and write the ordered pairs in the tables. We have done the first 
one for you.

Problem solving

Determine the equation of a linear graph by drawing your own graph fi rst.

2.  Look at the coloured lines on this graph. 
What will the ordered pairs and equations be?

x

y

x

y

x

y

x

y

• • 

• • 

Hint: Stretch the green 
line so that it is longer. 

y

x
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99a Yet more graphs
Te

rm
 3

a.  y = 2x
x -3 2 -1 0 1 2 3

y -6 -4 -2 0 2 4 6

b.  y = 2x + 1
x -3 -2 -1 0 1 2 3

y -5 -3 -1 1 3 5 7

c.  y = 2x - 1
x -3 -2 -1 0 1 2 3

y -7 -5 -3 -1 1 3 5

What is the rule?

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 
• • 

• • 

• • 

• • 

• • 

• • 
• • 

x

y
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1.  Determine the equation.

continued ☛

Equation: x

y

x

y

x

y

Equation: 

Equation: 

a.

••

••
••

••
••

•••

••

••

••

••

••

••

•••••••••••••••••••••••

••

••

••

••

••

••

••

x

y
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99b Yet more graphs continued

Te
rm

 3

Equation: x

y

x

y

x

y

Equation:

Equation: 

b.

••

••

••

••

••

••

••

••

••

••

••

••

••

••••

••

••

••

••

••

••

x

y
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Problem solving

Determine the equation of three straight lines by drawing any three lines on a graph (use this worksheet 
to guide you).

Equation: x

y

x

y

x

y

Equation:

Equation: 

c.

••

••

••

••

•••

••

••

••

•••

••

•••

••

••

••

••

••

••

••••••••••••••••••••••

••

••

••

x

y
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 fo

llo
w

in
g

 
p

a
tte

rn
s 

in
 n

a
tu

re
 a

nd
 s

ee
 h

ow
 y

ou
 c

a
n 

cr
ea

te
 a

 p
ol

yh
ed

ro
n 

ou
t o

f e
a

ch
 o

ne
. 

Yo
u 

d
on

’t 
ha

ve
 to

 n
a

m
e 

th
e 

p
ol

yh
ed

ro
n.

 

4.
 L

oo
k 

a
t t

hi
s 

a
rc

hi
te

ct
ur

a
l s

tru
ct

ur
e.

 W
hy

 d
o 

w
e 

sa
y 

th
is

 is
 a

 c
on

ca
ve

 p
ol

yh
ed

ro
n?

Fl
ow

er
s

Un
d

er
 th

e 
se

a

a
.

d
.  

Ro
ck

s
e

. 
Pl

a
nt

s

c.
b

.
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 R
ea

d
, c

lo
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 y
ou

r e
ye

s 
a

nd
 v

is
ua

lis
e.

Im
a

g
in

e
 

yo
u 

ha
ve

 a
 

te
tra

he
d

ro
n.

 
Im

a
g

in
e

 
no

w
 th

a
t 

yo
u 

ha
ve

 
tw

o
 id

e
nt

ic
a

l 
te

tra
he

d
ra

. 
Pl

a
ce

 th
e

m
 

to
g

e
th

e
r. 

N
a

m
e

 a
nd

 
d

e
sc

rib
e

 th
e

 
ne

w
 s

o
lid

.

Im
a

g
in

e
 y

o
u 

ha
ve

 a
 c

ub
e

. 
In

 y
o

ur
 m

in
d

, c
ut

 o
ff 

a
ll 

th
e

 
ve

rti
ce

s.
 W

hi
ch

 A
rc

hi
m

e
d

e
a

n 
so

lid
 w

ill 
it 

b
e

?

Tr
un

ca
te

d
 

o
ct

a
he

d
ro

n

Tr
un

ca
te

d
 

ic
o

sa
he

d
ro

n
Sn

ub
 c

ub
e

Tr
un

ca
te

d
 

cu
b

e
C

ub
o

ct
a

he
d

ro
n 

Tr
un

ca
te

d
 

te
tra

he
d

ro
n

Tr
un

ca
te

d
 

d
o

d
e

ca
he

d
ro

n
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m

b
ic

ub
o

ct
a

he
d

ro
n

Im
a

g
in

e
 y

o
u 

ha
ve

 a
 

te
tra

he
d

ro
n.

 In
 y

o
ur

 m
in

d
, 

cu
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ff 
a

ll 
th

e
 v
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rti

ce
s.

 W
hi

ch
 

A
rc

hi
m

e
d

e
a

n 
so

lid
 w

ill 
it 

b
e
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1.
  W

rit
e 

d
ow

n 
th

e 
na

m
es

 o
f a

ll 
th

e 
p

la
to

ni
c 

so
lid

s’
. N

ex
t t

o 
ea

ch
 g

iv
e 

a
 d

es
cr

ip
tio

n 
th

a
t y

ou
 w

ill
 re

a
d

 to
 a

 fr
ie

nd
. T

he
 fr

ie
nd

 m
us

t t
he

n 
g

ue
ss

 th
e 

g
eo

m
et

ric
 o

b
je

ct
.

2.
 M

a
ke

 th
e 
fi v

e 
p

la
to

ni
c 

so
lid

s 
fro

m
 th

e 
cu

t–
ou

ts
 a

nd
 p

la
ce

 th
em

 o
n 

yo
ur

 
d

es
k.

  T
ic

k 
ho

w
 m

a
ny

 g
eo

m
et

ric
 fi 

g
ur

es
 y

ou
 c

a
n 

se
e 

fro
m

 th
e 

a
ng

le
 fr

om
 w

hi
ch

 
yo

u 
a

re
 lo

ok
in

g
.  

   
   

   

a
.

b
.

d
.

e
.

c.

W
or

k 
in

 p
a

irs

In
 p

a
irs

 d
o

 th
e

 fo
llo

w
in

g
 a

ct
iv

ity
:

Ea
ch

 o
f y

o
u 

m
a

ke
 a

 re
g

ul
a

r a
nd

 ir
re

g
ul

a
r s

o
lid

 c
yl

in
d

e
r, 

sp
he

re
 a

nd
 a

ny
 o

th
e

r g
e

o
m

e
tri

c 
so

lid
.

Ea
ch

 o
f y

o
u 

p
la

ce
s 

th
e

 g
e

o
m

e
tri

c 
so

lid
 y

o
u 

ha
ve

 m
a

d
e

 in
to

 a
 b

a
g

. 

O
ne

 o
f y

o
u 

th
e

n 
fe

e
ls 

o
ne

 o
f t

he
 o

b
je

ct
s 

in
 th

e
 b

a
g

 a
nd

 d
e

sc
rib

e
s 

it 
to

 th
e

 o
th

e
r, 

w
ho

 h
a

s 
to

 g
ue

ss
 

w
ha

t i
t i

s.
 

D
o

 th
is 

a
 fe

w
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m
e
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b

y 
re

p
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ci
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 s
o

lid
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Fa
m
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m
e:

Pl
a

y 
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ur
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w
n 

cr
e

a
te

d
 g

a
m

e
 w

ith
 y

o
ur

 fa
m

ily
 m

e
m

b
e

rs
 a

t h
o

m
e

.

In
 th

is
 a

ct
iv

ity
 y

ou
 a

re
 g

oi
ng

 to
 d

es
ig

n 
th

e 
q

ue
st

io
ns

 fo
r t

hi
s 

g
a

m
e.

  F
irs

t, 
w

rit
e 

d
ow

n 
so

m
e 

ke
y 

g
eo

m
et

ric
 s

ol
id

 w
or

d
s 

le
a

rn
ed

 s
o 

fa
r. 

 U
se

 t
he

se
 w

or
d

s 
to

 c
re

a
te

 y
ou

r 
g

a
m

e 
ca

rd
s 

on
 th

e 
ne

xt
 p

a
g

e.
   

1.
  R

e
a

d
 th

e
 ru

le
s.

 C
re

a
te

 y
o

ur
 o

w
n 

g
a

m
e 

co
m

p
on

en
ts

.

G
a

m
e 

ru
le

s
W

ha
t y

ou
 n

ee
d

:
• 

Tw
o

 to
ke

ns
 to

 p
la

y 
w

ith
 (u

se
 a

ny
 s

m
a

ll 
o

b
je

ct
s)

• 
M

a
rk

e
rs

 to
 c

o
ve

r t
he

 n
um

b
e

rs
• 

D
ic

e
 (m

a
ke

 y
o

ur
 o

w
n 

us
in

g
 a

 c
ub

e
 te

m
p

la
te

)
• 

Q
ue

st
io

n 
ca

rd
s 

(c
ut

 u
p

 a
 s

he
e

t o
f p

a
p

e
r i

nt
o

 3
2 

re
ct

a
ng

ul
a

r c
a

rd
s 

o
n 

w
hi

ch
 y

o
u 

w
ill 

w
rit

e
 q

ue
st

io
ns

 to
 b

e
 a

sk
e

d
)

• 
G

a
m

e
 b

o
a

rd

H
ow

 to
 p

la
y:

D
iv

id
e

 y
o

ur
 g

ro
up

 in
to

 tw
o

 te
a

m
s.

Ea
ch

 te
a

m
 h

a
s 

a
 to

ke
n.

 • 
Pl

a
ce

 y
o

ur
 to

ke
n 

o
n 

a
ny

 e
m

p
ty

 s
q

ua
re

. Y
o

u 
ca

n 
m

o
ve

 in
 a

ny
 d

ire
ct

io
n.

  
• 

Th
ro

w
 th

e
 d

ic
e

. T
he

 n
um

b
e

r o
n 

th
e

 d
ic

e
 w

ill 
in

d
ic

a
te

 to
 y

o
u 

ho
w

 m
a

ny
 p

la
ce

s 
yo

u 
ca

n 
m

o
ve

.
• 

Yo
ur

 a
im

 is
 to

 la
nd

 o
n 

a
 s

o
lid

. W
he

n 
yo

u 
la

nd
 o

n 
a

 s
o

lid
, t

a
ke

 a
 c

a
rd

 fr
o

m
 th

e
 b

o
x.

 R
e

a
d

 
th

e
 q

ue
st

io
n 

a
nd

 a
ns

w
e

r i
t. 

Tu
rn

 o
ve

r t
he

 c
a

rd
 to

 fi 
nd

 th
e

 c
o

rre
ct

 a
ns

w
e

r. 
If 

yo
u 

ha
ve

 
a

ns
w

e
re

d
 c

o
rre

ct
ly

, y
o

u 
ca

n 
ke

e
p

 th
e

 c
a

rd
; o

th
e

rw
ise

 p
la

ce
 it

 a
t t

he
 b

a
ck

 o
f P

a
ck

 1
, 

G
ra

d
e

 9
.

• 
A

lso
, i

f y
o

u 
a

ns
w

e
re

d
 c

o
rre

ct
ly

 a
nd

 k
e

p
t t

he
 c

a
rd

, p
la

ce
 a

 m
a

rk
e

r o
n 

th
e

 g
e

o
m

e
tri

c 
sh

a
p

e
 o

r s
o

lid
. T

hi
s 

m
e

a
ns

 th
a

t n
o

–o
ne

 c
a

n 
a

ns
w

e
r a

 q
ue

st
io

n 
o

n 
th

is 
sq

ua
re

 a
g

a
in

; i
t i

s 
no

w
 th

e
 s

a
m

e
 a

s 
a

 w
hi

te
 s

q
ua

re
.

• 
Th

e
 n

e
xt

 te
a

m
 p

la
ys

.
• 

Yo
u 

a
lw

a
ys

 w
a

it 
fo

r y
o

ur
 tu

rn
 o

nc
e

 y
o

u 
ha

ve
 a

ns
w

e
re

d
 th

e
 p

re
vi

o
us

 q
ue

st
io

n.
 If

 y
o

u 
la

nd
 

o
n 

a
n 

e
m

p
ty

 s
q

ua
re

 y
o

u 
ca

nn
o

t t
a

ke
 a

 c
a

rd
. Y

o
u 

ha
ve

 to
 w

a
it 

fo
r y

o
ur

 n
e

xt
 tu

rn
 to

 th
ro

w
 

a
g

a
in

.
• 

Th
e

 g
a

m
e

 is
 o

ve
r o

nc
e

 a
ll 

th
e

 s
ha

p
e

s 
o

r g
e

o
m

e
tri

c 
so

lid
s 

a
re

 c
o

ve
re

d
.

• 
In

 th
e

 b
o

tt
o

m
 c

o
rn

e
r o

f e
a

ch
 c

a
rd

 is
 a

 s
co

re
. A

d
d

 a
ll 

o
f t

he
 s

co
re

s 
o

f t
he

 c
a

rd
s 

yo
u 

w
o

n.
  

Pr
is

m
s

Tr
ia

ng
ul

a
r 

p
ris

m

Pe
nt

a
g

o
na

l 
p

ris
m

 O
ct

a
g

o
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l 
p

ris
m

 H
e

xa
g

o
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l 
p

ris
m

C
ub

o
id

C
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C
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r
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r 
p
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u
p
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o

id O
c

O
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C
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g

o
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l

Py
ra

m
id

s
Pe

nt
a

g
o
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l 

p
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p
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id
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p
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p
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p
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se
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, a
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 a
ns

w
e
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he

 q
ue

st
io

ns
.

A
re

 th
e

se
 ra

ilw
a

y 
tra

ck
s 

p
a

ra
lle

l?
  

If 
w

e
 w

e
re

 to
 v

ie
w

 th
is 

fro
m

 a
b

o
ve

, w
e

 w
o

ul
d

 s
e

e
 

p
a

ra
lle

l l
in

e
s.

W
ha

t i
s 

ha
p

p
e

ni
ng

 
w

ith
 th

is 
g

irl
? 

D
o

e
s 

sh
e

 
p

hy
sic

a
lly

 g
e

t s
m

a
lle

r?

va
ni

sh
in

g
 p

o
in

t
va

ni
sh

in
g

 p
o

in
t

p
e

rs
p

e
ct

iv
e

 li
ne

1.
  U

se
 a

 p
en

ci
l, 

a
 p

ie
ce

 o
f p

a
p

er
, a

 ru
le

r a
nd

 a
n 

er
a

se
r. 

Fo
llo

w
 th

e 
in

st
ru

ct
io

ns
, a

nd
 

d
ra

w
 th

e 
fo

llo
w

in
g

.

St
ep

 1
: D

ra
w

 a
 h

o
riz

o
nt

a
l l

in
e

. 
St

ep
 2

: C
ho

o
se

 a
 v

a
ni

sh
in

g
 p

o
in

t. 
Yo

u 
ca

n 
p

ic
k 

a
 p

o
in

t a
ny

w
he

re
 o

n 
th

is 
lin

e
, i

t d
o

e
sn

't 
re

a
lly

 m
a

tt
e

r w
he

re
. (

Yo
ur

 re
su

lts
 w

ill 
ju

st
 lo

o
k 

d
iff

e
re

nt
 

d
e

p
e

nd
in

g
 o

n 
w

he
re

 y
o

u 
p

ut
 th

e
 p

o
in

t.)

St
ep

 3
:  

D
ra

w
 p

e
rs

p
e

ct
iv

e
 li

ne
s,

 (D
ra

w
 th

e
 p

e
rs

p
e

ct
iv

e
 

lin
e

s 
lig

ht
ly

 s
o

 th
a

t y
o

u 
ca

n 
e

a
sil

y 
e

ra
se

 th
e

m
). 

M
a

ke
 

o
ne

 li
ne

 w
ith

 y
o

ur
 ru

le
r f

ro
m

 th
e

 v
a

ni
sh

in
g

 p
o

in
t 

o
ut

w
a

rd
. T

hi
s 

lin
e

 w
ill 

b
e

 th
e

 b
o

tt
o

m
 o

f y
o

ur
 b

ui
ld

in
g

. 
N

e
xt

, d
ra

w
 th

e
 to

p
 li

ne
. T

hi
s 

w
ill 

fo
rm

 th
e

 b
a

se
 o

f o
ne

 
w

a
ll 

o
f t

he
 h

o
us

e
.

St
ep

 4
: D

ra
w

 tw
o

 v
e

rti
ca

l l
in

e
s 

th
a

t c
o

nn
e

ct
 th

e
 

b
o

tt
o

m
 a

nd
 to

p
 li

ne
s.

 O
ne

 w
a

ll 
o

f y
o

ur
 s

tru
ct

ur
e

 is
 

d
o

ne
.

St
ep

 5
: F

o
rm

 th
e

 fr
o

nt
 o

f t
he

 p
e

rs
p

e
ct

iv
e

 o
b

je
ct

. D
ra

w
 

tw
o

 h
o

riz
o

nt
a

l l
in

e
s 

o
f e

q
ua

l d
ist

a
nc

e
 fr

o
m

 th
e

 to
p

 a
nd

 
b

o
tt

o
m

 o
f t

he
 c

lo
se

st
 p

a
rt 

o
f t

he
 w

a
ll.

 C
o

nn
e

ct
 th

e
se

 
tw

o
 n

e
w

 li
ne

s 
w

ith
 a

no
th

e
r v

e
rti

ca
l l

in
e

.

W
ha

t y
ou

 h
a

ve
 d

on
e 

so
 fa

r i
s 

to
 d

ra
w

 a
 c

ub
oi

d
. Y

ou
 

m
ig

ht
 n

ee
d

 to
 s

ha
d

e 
it 

to
 s

ee
 it

 m
or

e 
cl

ea
rly

. T
hi

s 
is

 
w

ha
t w

e 
ca

ll 
a

 o
ne

–p
oi

nt
 p

er
sp

ec
tiv

e 
d

ra
w

in
g

 a
t i

ts
 

si
m

p
le

st
.

St
ep

 6
: D

ra
w

 th
e

 ro
o

f.
D

ra
w

 tw
o

 d
ia

g
o

na
l l

in
e

s 
fro

m
 th

e
 to

p
 v

e
rti

ce
s 

o
f t

he
 

fro
nt

 o
f t

he
 b

o
x 

(c
re

a
tin

g
 a

 tr
ia

ng
le

). 
D

ra
w

 a
 li

ne
 fr

o
m

 
w

he
re

 th
e

 li
ne

s 
m

e
e

t t
o

w
a

rd
s 

th
e

 v
a

ni
sh

in
g

 p
o

in
t. 

D
ra

w
 a

no
th

e
r d

ia
g

o
na

l l
in

e
 th

a
t c

o
nn

e
ct

s 
th

e
 fa

r p
o

in
t 

o
f t

he
 b

o
x 

w
ith

 th
e

 li
ne

 y
o

u 
ju

st
 c

re
a

te
d

 g
o

in
g

 to
w

a
rd

s 
th

e
 v

a
ni

sh
in

g
 p

o
in

t. 
Tr

y 
to

 m
a

ke
 th

is 
d

ia
g

o
na

l l
in

e
 h

a
ve

 
th

e
 s

a
m

e
 a

ng
le

 a
s 

th
e

 li
ne

 it
 m

a
tc

he
s 

up
 w

ith
 a

t t
he

 
fro

nt
. T

he
se

 tw
o

 li
ne

s 
sh

o
ul

d
 b

e
 p

a
ra

lle
l. 

St
ep

 7
:  

M
a

ke
 th

e
 d

ra
w

in
g

 n
e

a
t.R

e
m

o
ve

 a
ny

 
un

w
a

nt
e

d
 p

e
rs

p
e

ct
iv

e
 li

ne
s,

 li
ke

 th
e

 o
ne

s 
e

xt
e

nd
in

g
 

to
w

a
rd

s 
th

e
 v

a
ni

sh
in

g
 p

o
in

t a
nd

 h
o

riz
o

n 
lin

e
.

th
e

 h
o

us
e

.

p
e

rs
p

e
ct

iv
e

 li
ne

p
e

rs
p

e
ct

iv
e

 li
ne

co
nn

e
ct

in
g

 li
ne

co
nn

e
ct

in
g

 li
ne

Be
fo

re
 y

o
u 

ca
rry

 o
n 

w
ith

 S
te

p
 5

, a
ns

w
e

r t
he

 fo
llo

w
in

g
 q

ue
st

io
ns

. 

 
• 

A
re

 th
e

 tw
o

 c
o

nn
e

ct
in

g
 li

ne
s 

th
e

 s
a

m
e

 le
ng

th
? 

 _
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

  
• 

W
hy

 d
o

 y
o

u 
th

in
k 

w
e

 h
a

ve
 o

ne
 lo

ng
 a

nd
 o

ne
 s

ho
rt 

lin
e

? 

 
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

N
ot

e:
 T

he
 to

p
 p

e
rs

p
e

ct
iv

e
 li

ne
 g

o
e

s 
p

a
st

 th
e

 c
o

nn
e

ct
in

g
 li

ne
. E

ra
se

 th
e

 
e

xt
e

nd
e

d
 li

ne
, a

s 
it 

is 
no

t n
e

e
d

e
d

. W
he

n 
d

ra
w

in
g

 o
b

je
ct

s 
in

 o
ne

–p
o

in
t 

p
e

rs
p

e
ct

iv
e

, d
ra

w
in

g
 li

ne
s 

th
a

t a
re

 to
o

 lo
ng

 o
r t

o
o

 s
ho

rt 
a

re
 c

o
m

m
o

n,
 a

nd
 w

e
 

sh
o

ul
d

 a
d

ju
st

 th
e

m
 a

cc
o

rd
in

g
ly

. 

c
o

n
ti

n
u

e
d

 ☛

va
ni

sh
in

g
 p

o
in

t
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c
o

n
ti

n
u

e
d

 ☛

2.
  A

p
p

ly
 th

is
 k

no
w

le
d

g
e 

(d
ra

w
in

g
 m

et
ho

d
) 

to
 d

ra
w

 s
om

et
hi

ng
 a

m
a

zi
ng

. (
Re

m
em

b
er

, 
th

e 
m

or
e 

yo
u 

a
p

p
ly

 th
is

 k
no

w
le

d
g

e,
 th

e 
b

et
te

r y
ou

r d
ra

w
in

g
s 

w
ill

 b
ec

om
e.

)

4.
   

Be
fo

re
 lo

ok
in

g
 a

t t
w

o–
p

oi
nt

 p
er

sp
ec

tiv
e,

 w
e 

a
re

 g
oi

ng
 to

 d
ra

w
 a

 c
ub

e 
us

in
g

 o
ne

–
p

oi
nt

 p
er

sp
ec

tiv
e.

Re
m

e
m

b
e

r i
n 

th
e

 p
re

vi
o

us
 a

ct
iv

ity
 w

e
 fo

cu
se

d
 o

n 
o

ne
–p

o
in

t p
e

rs
p

e
ct

iv
e

. I
n 

th
is 

a
ct

iv
ity

, w
e

 a
re

 g
o

in
g

 to
 lo

o
k 

a
t 

tw
o

–p
o

in
t p

e
rs

p
e

ct
iv

e
.

3.
  L

oo
k 

a
t t

he
 p

ho
to

g
ra

p
hs

. I
nd

ic
a

te
 o

n 
th

e 
p

ho
to

g
ra

p
hs

 th
e 

va
ni

sh
in

g
 p

oi
nt

s 
a

nd
 

th
e 

p
er

sp
ec

tiv
e 

lin
es

.

St
ep

 1
: D

ra
w

 th
e

 h
o

riz
o

nt
a

l l
in

e
 a

nd
 v

a
ni

sh
in

g
 p

o
in

t.
St

ep
 2

: D
ra

w
 tw

o
 p

a
irs

 o
f p

e
rs

p
e

ct
iv

e
 li

ne
s.

 N
o

te
 th

a
t 

w
e

 h
a

ve
 m

o
re

 th
a

n 
tw

o
 p

e
rs

p
e

ct
iv

e
 li

ne
s,

 b
ut

 s
til

l o
nl

y 
o

ne
 v

a
ni

sh
in

g
 p

o
in

t.

St
ep

 3
: D

ra
w

 a
 h

o
riz

o
nt

a
l l

in
e

 jo
in

in
g

 th
re

e
 o

f t
he

 
p

e
rs

p
e

ct
iv

e
 li

ne
s,

 a
s 

sh
o

w
n 

in
 th

e
 d

ra
w

in
g

.
St

ep
 4

: D
ra

w
 a

 s
q

ua
re

 u
sin

g
 th

e
 h

o
riz

o
nt

a
l l

in
e

 d
ra

w
n 

in
 S

te
p

 3
.

St
ep

 5
: E

st
im

a
te

 w
he

re
 y

o
u 

th
in

k 
th

e
 b

a
ck

 e
d

g
e

 o
f t

he
 

cu
b

e
 is

 g
o

in
g

 to
 b

e
, a

nd
 d

ra
w

 th
a

t h
o

riz
o

nt
a

l l
in

e
.

St
ep

 6
: E

xt
e

nd
 th

e
 p

e
rs

p
e

ct
iv

e
 li

ne
 o

n 
th

e
 ri

g
ht

.

St
ep

 7
: D

ra
w

 a
 v

e
rti

ca
l l

in
e

 fr
o

m
 th

e
 b

a
ck

 e
d

g
e

 
(h

o
riz

o
nt

a
l l

in
e

) o
f t

he
 c

ub
e

, t
o

 th
e

 p
e

rs
p

e
ct

iv
e

 li
ne

 o
n 

th
e

 fa
r r

ig
ht

.

St
ep

 8
: E

ra
se

 th
e

 li
ne

s 
th

a
t a

re
 n

o
t n

e
e

d
e

d
.
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vi
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M
a

ke
 a

 p
e

rs
p

e
ct

iv
e
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ra

w
in

g
 o

f y
o

ur
 o

w
n,

 u
sin

g
 p

e
rs

p
e

ct
iv

e
 li

ne
s 

a
nd

 a
 v

a
ni

sh
in

g
 p

o
in

t.

a
.

a
.

b
.

b
.
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0c

Pe
rs

pe
c

tiv
e 

c
on

tin
ue

d

5.
 Id

en
tif

y 
th

e 
va

ni
sh

in
g

 p
oi

nt
 a

nd
 li

ne
s 

of
 p

er
sp

ec
tiv

e.

6.
 L

oo
k 

a
t t

he
se

 tw
o 

p
ho

to
g

ra
p

hs
 a

nd
 id

en
tif

y 
th

e 
tw

o 
va

ni
sh

in
g

 p
oi

nt
s.

8.
  L

oo
k 

a
t t

hi
s 

p
ic

tu
re

 a
nd

 d
o 

th
e 

fo
llo

w
in

g
:

9.
 F

ol
lo

w
 th

e 
st

ep
s 

to
 d

ra
w

 tw
o 

cu
b

oi
d

s 
th

a
t l

oo
k 

lik
e 

b
ui

ld
in

g
s.

7.
 D

ra
w

 a
 c

ub
e 

us
in

g
 tw

o–
p

oi
nt

 p
er

sp
ec

tiv
e.

St
ep

 1
: D

ra
w

 th
e

 h
o

riz
o

nt
a

l l
in

e
 a

nd
 tw

o
 v

a
ni

sh
in

g
 

p
o

in
ts

.
St

ep
 2

: D
ra

w
 fo

ur
 p

e
rs

p
e

ct
iv

e
 li

ne
s 

fro
m

 e
a

ch
 

va
ni

sh
in

g
 p

o
in

t, 
un

til
 th

e
y 

m
e

e
t.

St
ep

 3
: E

xt
e

nd
 th

e
 fi 

rs
t t

w
o

 p
e

rs
p

e
ct

iv
e

 li
ne

s 
un

til
 th

e
y 

re
a

ch
 th

e
 s

e
co

nd
 p

a
ir 

o
f p

e
rs

p
e

ct
iv

e
 li

ne
s.

St
ep

 4
: F

ro
m

 w
he

re
 th

e
 p

e
rs

p
e

ct
iv

e
 li

ne
s 

st
o

p
 in

 S
te

p
 

3,
 d

ra
w

 v
e

rti
ca

l l
in

e
s 

un
til

 th
e

y 
re

a
ch

 th
e

 la
st

 p
a

ir 
o

f 
p

e
rs

p
e

ct
iv

e
 li

ne
s.

St
ep

 5
: D

ra
w

 a
 li

ne
 fr

o
m

 w
he

re
 th

e
 s

e
co

nd
 p

e
rs

p
e

ct
iv

e
 

lin
e

s 
m

e
e

t t
o

 w
he

re
 th

e
 la

st
 p

e
rs

p
e

ct
iv

e
 li

ne
s 

m
e

e
t.

St
ep

 6
: E

ra
se

 th
e

 u
nn

e
ce

ss
a

ry
 li

ne
s.

1.
  D

ra
w

 a
 h

o
riz

o
nt

a
l l

in
e

. A
d

d
 tw

o
 v

a
ni

sh
in

g
 p

o
in

ts
.

2.
  M

a
ke

 a
 v

e
rti

ca
l p

e
rp

e
nd

ic
ul

a
r t

o
 th

e
 h

o
riz

o
nt

a
l l

in
e

. 
M

a
ke

 s
ur

e
 it

 is
 in

 th
e

 m
id

d
le

 o
f t

he
 li

ne
 a

nd
 s

ho
rte

r 
th

a
n 

th
e

 h
o

riz
o

nt
a

l l
in

e
.

3.
  D

ra
w

 p
e

rs
p

e
ct

iv
e

 li
ne

s 
fro

m
 th

e
 v

e
rti

ca
l l

in
e

 to
 th

e
 

va
ni

sh
in

g
 p

o
in

ts
. U

se
 th

e
 d

ia
g

ra
m

 to
 g

ui
d

e
 y

o
u.

4.
  N

o
w

 d
ra

w
 tw

o
 li

ne
s 

p
a

ra
lle

l t
o

 th
e

 v
e

rti
ca

l l
in

e
, o

ne
 

o
n 

th
e

 le
ft

 a
nd

 o
ne

 o
n 

th
e

 ri
g

ht
.

5.
  E

ra
se

 th
e

 u
nn

e
ce

ss
a

ry
 li

ne
s 

a
s 

in
 th

e
 d

ra
w

in
g

 b
e

lo
w

.
6.

  Y
o

u 
ha

ve
 y

o
ur

 fi 
rs

t c
ub

o
id

. E
xt

e
nd

 th
e

 le
ft

–h
a

nd
 

p
e

rs
p

e
ct

iv
e

 li
ne

s 
a

g
a

in
. D

e
ci

d
e

 w
he

re
 y

o
u 

w
a

nt
 

to
 p

la
ce

 y
o

ur
 s

e
co

nd
 c

ub
o

id
. I

t s
ho

ul
d

 b
e

 o
n 

th
e

 
le

ft
. D

ra
w

 a
 v

e
rti

ca
l l

in
e

 fr
o

m
 th

e
 to

p
 to

 th
e

 b
o

tt
o

m
 

p
e

rs
p

e
ct

iv
e

 li
ne

.

7.
  E

xt
e

nd
 th

e
 p

e
rs

p
e

ct
iv

e
 li

ne
s 

o
n 

th
e

 ri
g

ht
 to

 w
he

re
 

yo
ur

 s
e

co
nd

 c
ub

o
id

 s
ta

rts
. D

ra
w

 a
no

th
e

r v
e

rti
ca

l 
lin

e
 o

n 
th

e
 le

ft
–h

a
nd

 s
id

e
, s

ho
w

in
g

 th
e

 o
th

e
r e

d
g

e
 

o
f y

o
ur

 c
ub

o
id

s.

8.
  E

ra
se

 th
e

 li
ne

s 
a

s 
sh

o
w

n 
in

 th
e

 p
ic

tu
re

.

a
. 

Id
e

nt
ify

 th
e

 v
a

ni
sh

in
g

 p
o

in
ts

.
b

. 
N

a
m

e
 a

ll 
th

e
 g

e
o

m
e

tri
c 

so
lid

s 
th

is 
b

ui
ld

in
g

 is
 

m
a

d
e

 o
f.

c.
  S

e
e

 if
 y

o
u 

ca
n 

d
ra

w
 th

is 
ca

st
le

 u
sin

g
 a

 
ho

riz
o

nt
a

l l
in

e
, v

a
ni

sh
in

g
 p

o
in

ts
, p

e
rs

p
e

ct
iv

e
 

lin
e

s,
 v

e
rti

ca
l l

in
e

s,
 e

tc
.

Ex
p

a
nd

ed
 o

p
p

or
tu

ni
ty

: A
d

d
 a

no
th

e
r ‘

b
ui

ld
in

g
’ t

o
 th

e
 d

ra
w

in
g

. M
a

ke
 s

ur
e

 it
 is

 in
 

p
e

rs
p

e
ct

iv
e

.

n 
th

e
 h

o
riz

o
nt

a
l l

in
e

.

iv
e

 li
ne

.
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a

m
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W
rit

e
 d

o
w

n 
th

e
 im

p
o

rta
nt

 p
o

in
ts

 t
ha

t 
yo

u 
ne

e
d

 t
o

 r
e

m
e

m
b

e
r 

w
he

n 
co

ns
tru

ct
in

g
 

fi g
ur

e
s.

St
ep

 1
: 

C
o

ns
tru

ct
 a

n 
e

q
ui

la
te

ra
l t

ria
ng

le
.  

La
b

e
l i

t A
BC

.
St

ep
 2

: 
C

o
ns

tru
ct

 a
no

th
e

r e
q

ui
la

te
ra

l t
ria

ng
le

 w
ith

 o
ne

 b
a

se
 

jo
in

e
d

 to
 b

a
se

 A
B 

o
f t

he
 fi 

rs
t t

ria
ng

le
.

St
ep

 3
:  

C
o

ns
tru

ct
 a

no
th

e
r t

ria
ng

le
 u

sin
g

 B
D

 a
s 

a
 b

a
se

. 
St

ep
 4

: 
C

o
ns

tru
ct

 a
no

th
e

r t
ria

ng
le

 u
sin

g
 A

D
 a

s 
a

 b
a

se
.

St
ep

 1
: 

C
o

ns
tru

ct
 tw

o
 p

e
rp

e
nd

ic
ul

a
r l

in
e

s.
 

Th
e

 le
ng

th
s 

o
f A

D
 a

nd
 A

B 
sh

o
ul

d
 

b
e

 th
e

 s
a

m
e

. U
se

 y
o

ur
 p

a
ir 

o
f 

co
m

p
a

ss
e

s 
to

 m
e

a
su

re
 th

e
m

. F
ro

m
 

th
e

re
, c

o
ns

tru
ct

 s
q

ua
re

 A
BC

D
.

St
ep

 2
: 

• 
    U

sin
g

 A
B 

a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

 •
   U

sin
g

 D
C

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

St
ep

 3
: 

• 
  U

sin
g

 D
A

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

• 
  U

sin
g

 B
C

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

c
o

n
ti

n
u

e
d
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M
a

ki
ng

 

D
o

 a
ll 

th
e

 c
o

ns
tru

ct
io

n 
o

n 
ca

rd
b

o
a

rd
 n

o
w

, t
he

n 
cu

t i
t o

ut
 a

nd
 m

a
ke

 th
e

 g
e

o
m

e
tri

c 
o

b
je

ct
.

12
1b

C
on

st
ru

c
tin

g 
ne

ts
 c

on
tin

ue
d

3.
  C

on
st

ru
ct

 a
 tr

ia
ng

ul
a

r p
ris

m
 c

on
st

ru
ct

io
n 

ne
t.

4.
  C

on
st

ru
ct

 a
 re

ct
a

ng
ul

a
r p

ris
m

 c
on

st
ru

ct
io

n 
ne

t.

St
ep

 1
: 

C
o

ns
tru

ct
 tw

o
 p

e
rp

e
nd

ic
ul

a
r l

in
e

s.
 

Th
e

 le
ng

th
s 

o
f A

D
 a

nd
 A

B 
co

ul
d

 b
e

 
th

e
 s

a
m

e
 o

r o
ne

 c
o

ul
d

 b
e

 lo
ng

e
r t

o
 

fo
rm

 a
 re

ct
a

ng
le

. U
se

 y
o

ur
 p

a
ir 

o
f 

co
m

p
a

ss
e

s 
to

 m
e

a
su

re
 th

e
m

). 
Fr

o
m

 
th

e
re

, c
o

ns
tru

ct
 s

q
ua

re
 A

BC
D

.

St
ep

 2
: 

• 
  U

sin
g

 A
B 

a
s 

a
 b

a
se

, c
o

ns
tru

ct
 

a
no

th
e

r s
q

ua
re

 (o
r r

e
ct

a
ng

le
 ).

• 
  U

sin
g

 D
C

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
sq

ua
re

 (o
r r

e
ct

a
ng

le
).

St
ep

 3
: 

• 
   U

sin
g

 D
A

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

• 
   U

sin
g

 B
C

 a
s 

a
 b

a
se

, c
o

ns
tru

ct
 a

 
tri

a
ng

le
.

St
ep

 1
: 

C
o

ns
tru

ct
 tw

o
 p

e
rp

e
nd

ic
ul

a
r l

in
e

s.
 

Th
e

 le
ng

th
 b

e
tw

e
e

n 
A

 a
nd

 B
 s

ho
ul

d
 

b
e

 lo
ng

e
r t

ha
n 

th
a

t b
e

tw
e

e
n 

D
 a

nd
 

A
. U

se
 y

o
ur

 c
o

m
p

a
ss

 to
 m

e
a

su
re

 
th

e
m

. F
ro

m
 th

e
re

, c
o

ns
tru

ct
 

re
ct

a
ng

le
 A

BC
D

.

St
ep

 2
: 

• 
   U

se
 D

C
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r r

e
ct

a
ng

le
 a

b
o

ve
.

• 
   U

se
 A

B 
a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r r

e
ct

a
ng

le
 b

e
lo

w
. L

a
b

e
l 

th
e

 n
e

w
 p

o
in

ts
 G

 a
nd

 H
.

• 
   U

se
 G

H
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r r

e
ct

a
ng

le
.

St
ep

 3
: 

• 
   U

se
 D

A
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 a
 

sq
ua

re
.

 •
   U

se
 C

B 
a

s 
b

a
se

 to
 c

o
ns

tru
ct

 a
 

sq
ua

re
.
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1.
  C

on
st

ru
ct

 a
 h

ex
a

g
on

a
l p

ris
m

.

In
 t

he
 p

re
vi

o
us

 w
o

rk
sh

e
e

t 
yo

u 
co

ns
tru

ct
e

d
 n

e
ts

. W
ha

t 
a

re
 t

he
 m

ist
a

ke
s 

yo
u 

m
a

d
e

 
a

nd
 h

o
w

 w
ill 

yo
u 

co
rre

ct
 th

e
m

 in
 th

is 
w

o
rk

sh
e

e
t?

St
ep

 1
: 

C
o

ns
tru

ct
 h

e
xa

g
o

n 
A

BC
D

EF
.

St
ep

 2
: 

• 
  U

se
 A

B 
a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
.

• 
  U

se
 B

C
 a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
.

• 
  U

se
 C

D
 a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
.

• 
  U

se
 D

E 
a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
. 

La
b

e
l i

t E
D

JI
.

• 
  U

se
 E

F 
a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
.

• 
  U

se
 F

A
 a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 re
ct

a
ng

le
.

N
ot

e:
 T

he
 re

ct
a

ng
le

s 
ca

n 
a

lso
 b

e
 s

q
ua

re
s.

St
ep

 3
: 

• 
  U

se
 IJ

 a
s 

a
 b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r h

e
xa

g
o

n.

c
o

n
ti

n
u

e
d

 ☛

2.
  H

ex
a

g
on

a
l p

yr
a

m
id

 c
on

st
ru

ct
io

n

St
ep

 1
: 

C
o

ns
tru

ct
 h

e
xa

g
o

n 
A

BC
D

EF
.

St
ep

 2
: 

• 
  U

se
 A

B 
a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 tr
ia

ng
le

.
• 

  U
se

 B
C

 a
s 

a
 b

a
se

 to
 c

o
ns

tru
ct

 a
 tr

ia
ng

le
.

• 
  U

se
 C

D
 a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 tr
ia

ng
le

.
• 

  U
se

 D
E 

a
s 

a
 b

a
se

 to
 c

o
ns

tru
ct

 a
 tr

ia
ng

le
.

• 
  U

se
 E

F 
a

s 
a

 b
a

se
 to

 c
o

ns
tru

ct
 a

 tr
ia

ng
le

.
• 

  U
se

 F
A

 a
s 

a
 b

a
se

 to
 c

o
ns

tru
ct

 a
 tr

ia
ng

le
.
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e 
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on
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ru
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g 
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 c
on

tin
ue

d

c
o

n
ti

n
u

e
d

 ☛

3.
  C

on
st

ru
ct

 a
 c

ub
e.

St
ep

 1
: 

C
o

ns
tru

ct
 tw

o
 p

e
rp

e
nd

ic
ul

a
r l

in
e

s.
 

Th
e

 le
ng

th
 b

e
tw

e
e

n 
A

 a
nd

 B
 s

ho
ul

d
 

b
e

 th
e

 s
a

m
e

 a
s 

th
e

 le
ng

th
 b

e
tw

e
e

n 
D

 a
nd

 A
. U

se
 y

o
ur

 c
o

m
p

a
ss

 
to

 m
e

a
su

re
 th

e
m

. F
ro

m
 th

e
re

, 
co

ns
tru

ct
 s

q
ua

re
 A

BC
D

.

St
ep

 2
: 

• 
   U

se
 D

C
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r s

q
ua

re
.

• 
   U

se
 A

B 
a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r s

q
ua

re
. L

a
b

e
l t

he
 n

e
w

 
p

o
in

ts
 G

 a
nd

 H
.

• 
   U

se
 G

H
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 
a

no
th

e
r s

q
ua

re
.

St
ep

 3
: 

• 
   U

se
 D

A
 a

s 
b

a
se

 to
 c

o
ns

tru
ct

 a
 

sq
ua

re
.

• 
   U

se
 C

B 
a

s 
b

a
se

 to
 c

o
ns

tru
ct

 a
 

sq
ua

re
.

5.
  C

on
st

ru
ct

 a
n 

oc
ta

he
d

ro
n 

ne
t. 

St
ep

 1
: 

C
o

ns
tru

ct
 a

 p
e

nt
a

g
o

n.
St

ep
 2

: 
Le

t H
 b

e
 th

e
 m

id
d

le
 o

f t
he

 n
e

xt
 c

irc
le

, f
o

r c
o

ns
tru

ct
in

g
 

th
e

 n
e

xt
 p

e
nt

a
g

o
n.

4.
  C

on
st

ru
ct

 a
n 

oc
ta

he
d

ro
n.

St
ep

 1
: 

C
o

ns
tru

ct
 a

n 
e

q
ui

la
te

ra
l t

ria
ng

le
.  

La
b

e
l i

t A
BC

.
St

ep
 2

: 
C

o
ns

tru
ct

 a
no

th
e

r e
q

ui
la

te
ra

l t
ria

ng
le

 w
ith

 o
ne

 b
a

se
 

jo
in

e
d

 to
 b

a
se

 A
B 

o
f t

he
 fi 

rs
t t

ria
ng

le
.

St
ep

 3
:  

C
o

ns
tru

ct
 a

no
th

e
r t

ria
ng

le
 u

sin
g

 B
D

 a
s 

a
 b

a
se

. 
St

ep
 4

: 
C

a
rry

 o
n 

co
ns

tru
ct

in
g

 tr
ia

ng
le

s 
un

til
 y

o
u 

co
m

p
le

te
 th

e
 

ne
t.

St
3

q
g

e
d

 to
 b

a
se

 A
B 

o
f t

he
 fi 

rs
t t

ria
ng

le
.

p
4:

ns
tru

ct
 a

no
th

e
r t

ria
ng

le
 u

sin
g

 B
D

 a
s 

a
 b

a
se

. 

J
J
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6.
  P

ro
je

ct

7.
 Q

ui
ck

 a
ct

iv
iti

es
 (y

o
u 

m
a

y 
ne

e
d

 to
 u

se
 e

xt
ra

 p
a

p
e

r.)

b
.  

D
e

sc
rib

e
 th

e
 n

e
t y

o
u 

m
a

d
e

 in
 Q

ue
st

io
n 

6.
 S

up
p

o
rt 

w
ha

t y
o

u 
sa

y 
w

ith
 s

o
m

e
 

d
ra

w
in

g
s 

o
f y

o
ur

 n
e

t.

Yo
u 

ha
ve

 h
a

d
 v

a
rio

us
 o

p
p

o
rtu

ni
tie

s 
to

 w
o

rk
 th

ro
ug

h 
co

ns
tru

ct
io

ns
 s

te
p

 b
y 

st
e

p
. I

n 
th

is 
a

ct
iv

ity
, y

o
u 

a
re

 g
o

in
g

 to
 c

ho
o

se
 y

o
ur

 o
w

n 
g

e
o

m
e

tri
c 

so
lid

 a
nd

 d
e

sig
n 

a
 n

e
t f

o
r i

t. 
D

o
 

no
t t

o
 c

ho
o

se
 s

o
lid

s 
th

a
t a

re
 to

o
 d

iffi
 c

ul
t o

r v
e

ry
 e

a
sy

 to
 c

o
ns

tru
ct

. Y
o

u 
sh

o
ul

d
:

• 
d

e
sig

n 
a

nd
 c

o
ns

tru
ct

 th
e

 n
e

t
• 

tra
ce

 it
 o

n 
ca

rd
b

o
a

rd
 a

nd
 c

ut
 it

 o
ut

• 
fo

ld
 it

 to
 m

a
ke

 a
 s

o
lid

a
.  

W
e

 k
no

w
 th

a
t a

 te
tra

he
d

ro
n 

is 
a

 p
la

to
ni

c 
so

lid
. P

la
to

ni
c 

so
lid

 fa
ce

s 
a

re
 a

ll 
co

ng
ru

e
nt

. U
se

 tr
a

ns
fo

rm
a

tio
n 

G
e

o
m

e
try

 to
 s

ho
w

 th
a

t a
ll 

th
e

 fa
ce

s 
o

f t
hi

s 
p

la
to

ni
c 

so
lid

 a
re

 c
o

ng
ru

e
nt

. 

c.
  L

o
o

k 
a

t t
hi

s 
ne

t o
f a

 J
o

hn
so

n 
so

lid
. 

Ex
p

la
in

 th
e

 fa
ce

s 
in

 y
o

ur
 o

w
n 

w
o

rd
s.

 

d
.  

D
e

sc
rib

e
 th

e
 s

ha
p

e
s 

th
a

t m
a

ke
 u

p
 y

o
ur

 n
e

t i
n 

Q
ue

st
io

n 
6 

in
 th

e
 s

a
m

e
 w

a
y 

a
s 

th
e

 
e

xa
m

p
le

 a
b

o
ve

.  

f. 
 D

e
sc

rib
e

 th
e

 v
e

rti
ce

s 
o

f t
he

 n
e

t y
o

u 
cr

e
a

te
d

.

e
.  

 Lo
o

k 
w

ha
t h

a
p

p
e

ns
 w

ith
 th

e
 a

ng
le

s 
w

he
n 

th
e

 n
e

t i
s 

fo
ld

e
d

 to
 fo

rm
 a

 g
e

o
m

e
tri

c 
so

lid
. D

e
sc

rib
e

 th
e

 v
e

rti
ce

s.
 

e
.  

 Lo
o

k 
w

ha
t h

a
p

p
e

ns
 w

ith
 th

e
 a

ng
le

s 
w

he
n 

th
e

 n
e

t i
s 

fo
ld

e
d

soso
lilidd

.DD
e

s
e

sc
rcr
ibib

ee
thth

ee
 v

eve
rtrti

cic
e

s
e

s.
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D
a

ta
 is

 a
 c

o
lle

ct
io

n 
o

f 
fa

ct
s,

 s
uc

h 
a

s 
va

lu
e

s 
o

r m
e

a
su

re
m

e
nt

s,
 w

hi
ch

 w
e

 c
o

lle
ct

 t
o

 
so

lv
e

 a
 p

ro
b

le
m

 o
r t

o
 a

ns
w

e
r a

 re
se

a
rc

h 
q

ue
st

io
n 

o
r h

yp
o

th
e

sis
.

Ex
a

m
p

le
:  

Q
ua

lit
a

tiv
e 

d
a

ta
 d

e
a

ls 
w

ith
 d

e
sc

rip
tio

ns
. D

a
ta

 c
a

n 
b

e
 o

b
se

rv
e

d
 b

ut
 n

o
t m

e
a

su
re

d
. 

C
o

lo
ur

s,
 te

xt
ur

e
s,

 s
m

e
lls

, t
a

st
e

s,
 a

p
p

e
a

ra
nc

e
, b

e
a

ut
y,

 e
tc

. 

Q
ua

nt
ita

tiv
e 

d
a

ta
 D

e
a

ls 
w

ith
 n

um
b

e
rs

. D
a

ta
 th

a
t c

a
n 

b
e

 m
e

a
su

re
d

. 
Le

ng
th

, h
e

ig
ht

, a
re

a
, v

o
lu

m
e

, w
e

ig
ht

, s
p

e
e

d
, t

im
e

, t
e

m
p

e
ra

tu
re

, h
um

id
ity

, s
o

un
d

 
le

ve
ls,

 c
o

st
, m

e
m

b
e

rs
, a

g
e

s,
 e

tc
. 

W
ha

t d
a

ta
 th

e
y 

ca
n 

yo
u 

co
lle

ct
 fr

o
m

 a
 c

up
 

o
f t

e
a

? 
C

la
ss

ify
 th

e
 d

a
ta

 in
to

 q
ua

lit
a

tiv
e

 d
a

ta
 a

nd
 

q
ua

nt
ita

tiv
e

 d
a

ta
.

In
 G

ra
d

e
 8

 y
o

u 
le

a
rn

t a
b

o
ut

 d
isc

re
te

 a
nd

 c
o

nt
in

uo
us

 
d

a
ta

. C
la

ss
ify

 th
e

 a
ns

w
e

rs
 in

 th
e

 p
re

vi
o

us
 ta

b
le

 a
s 

"c
o

nt
in

uo
us

 d
a

ta
“o

r “
d

isc
re

te
 d

a
ta

". 
W

ha
t d

o
 y

o
u 

no
tic

e
?

W
ha

t d
o

 y
o

u 
no

tic
e

?
A

ns
w

e
r:

W
e

 c
a

n 
o

nl
y 

cl
a

ss
ify

 q
ua

nt
ita

tiv
e 

d
a

ta
 a

s 
b

e
in

g
 d

isc
re

te
 o

r c
o

nt
in

uo
us

. 

O
nc

e
 a

 re
se

a
rc

h 
hy

p
o

th
e

sis
  h

a
s 

b
e

e
n 

d
e

te
rm

in
e

d
, t

he
 n

e
xt

 s
te

p
 is

 to
 id

e
nt

ify
 

w
hi

ch
 m

e
th

o
d

 w
o

ul
d

 b
e

 a
p

p
ro

p
ria

te
 a

nd
 e

ffe
ct

iv
e

.

D
a

ta
 c

a
n 

b
e

 c
o

lle
ct

e
d

 fr
o

m
 v

a
rio

us
 s

o
ur

ce
s 

us
in

g
 d

iff
e

re
nt

 m
e

th
o

d
s.

Ex
a

m
p

le
s 

of
 s

ou
rc

es
 o

f d
a

ta
:

D
oc

um
en

ts
 

• 
H

ist
o

ric
a

l (
p

rim
a

ry
 d

a
ta

)
• 

D
ia

rie
s

• 
Li

te
ra

tu
re

 re
vi

e
w

 (s
e

co
nd

a
ry

 d
a

ta
)

• 
C

o
nt

e
nt

 a
na

ly
sis

 
O

b
se

rv
a

tio
ns

  
• 

Pa
rti

ci
p

a
nt

 o
b

se
rv

e
r 

• 
C

a
se

 s
tu

d
y 

Su
rv

ey
  

• 
Q

ue
st

io
nn

a
ire

 
• 

In
te

rv
ie

w
 

• 
 F

o
cu

s 
g

ro
up

Ex
p

er
im

en
ta

l  
• 

Tr
ue

 d
e

sig
ns

 
• 

Q
ua

si–
d

e
sig

ns
 (s

im
ul

a
tio

n)
O

th
er

 fi 
el

d
 m

et
ho

d
s 

  
• 

Fo
cu

s 
g

ro
up

s
M

ul
ti–

m
et

ho
d

s 
a

p
p

ro
a

ch
   

• 
C

o
m

b
in

a
tio

n 
o

f m
e

th
o

d
s

D
a

ta
 c

a
n 

b
e

 q
ua

lit
a

tiv
e

 o
r q

ua
nt

ita
tiv

e
. 

• 
Q

ua
lit

a
tiv

e 
d

a
ta

 is
 d

e
sc

rip
tiv

e
 in

fo
rm

a
tio

n 
(it

 d
e

sc
rib

e
s 

so
m

e
th

in
g

) 
 

Q
ua

lit
a

tiv
e

 →
 Q

ua
lit

y
• 

Q
ua

nt
ita

tiv
e 

d
a

ta
 is

 n
um

e
ric

a
l i

nf
o

rm
a

tio
n 

(n
um

b
e

rs
)

 
Q

ua
nt

ita
tiv

e
 →

 Q
ua

nt
ity

“T
he

 do
g i

s b
ro

w
n 

an
d w

hi
te”

“T
he

 do
g h

as
 fo

ur
 le

gs
”

“T
he

 do
g w

eig
hs

 25
,5 

kg
”

q
ua

lit
a

tiv
e

q
ua

nt
ita

tiv
e

d
is

cr
et

e
co

nt
in

uo
us

D
a

ta

ti

D
a

t

q

Q
ua

lit
a

tiv
e

Q
ua

nt
ita

tiv
e

A
p

p
e

a
ra

nc
e

G
ra

m
s 

o
f t

e
a

 u
se

d

Sm
e

ll
Te

m
p

e
ra

tu
re

 s
e

rv
e

d

Ta
st

e
C

o
st

 p
e

r c
up

Se
rv

e
d

 in
 c

up
Si

ze
 o

f c
up

Q
ua

lit
a

tiv
e

Q
ua

nt
ita

tiv
e

A
p

p
e

a
ra

nc
e

•
G

ra
m

s 
o

f t
e

a
 u

se
d

D
isc

re
te

Sm
e

ll
•

Te
m

p
e

ra
tu

re
 s

e
rv

e
d

D
isc

re
te

Ta
st

e
•

C
o

st
 p

e
r c

up
D

isc
re

te

Se
rv

e
d

 in
 c

up
•

Si
ze

 o
f c

up
D

isc
re

teRe
m

em
b

er
: 

D
is

cr
et

e 
d

a
ta

 is
 d

a
ta

 th
a

t 
ca

n 
o

nl
y 

ta
ke

 c
e

rta
in

 v
a

lu
e

s.

C
on

tin
uo

us
 d

a
ta

 is
 d

a
ta

 th
a

t 
ca

n 
ta

ke
 a

ny
 v

a
lu

e
 .

In
 g

ro
up

s,
 d

is
cu

ss
 w

hi
ch

 d
a

ta
 

co
lle

ct
io

n 
m

et
ho

d
 y

ou
 w

ou
ld

 
ch

oo
se

 to
 fi 

nd
 th

e 
fo

llo
w

in
g

:

a
. W

hi
ch

 ra
d

io
 s

ta
tio

n 
is 

th
e

 m
o

st
 

p
o

p
ul

a
r i

n 
yo

u 
sc

ho
o

l?
b

. W
hi

ch
 ra

d
io

 s
ta

tio
n 

is 
th

e
 m

o
st

 
p

o
p

ul
a

r i
n 

yo
ur

 to
w

n?
c.

 P
o

ta
to

 p
ro

d
uc

tio
n 

in
 S

o
ut

h 
A

fri
ca

 o
ve

r t
he

 la
st

 te
n 

ye
a

rs
.

d
. U

ne
m

p
lo

ym
e

nt
 ra

te
 o

ve
r t

he
 la

st
 

te
n 

ye
a

rs
.

e
. F

a
vo

ur
ite

 c
a

r m
a

ke
 in

 y
o

ur
  

ne
ig

hb
o

ur
ho

o
d

.
f. 

W
ill 

a
ll 

G
ra

d
e

 1
2 

le
a

rn
e

rs
 w

ill 
g

o
 to

 u
ni

ve
rs

ity
 o

nc
e

 th
e

y 
co

m
p

le
te

d
 s

ch
o

o
l?
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2
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3

Si
gn
:

Da
te
:

D
es

ig
n 

a
 s

ur
ve

y

Yo
ur

 s
ch

o
o

l d
e

ci
d

e
d

 to
 g

e
t i

nv
o

lv
e

d
 in

 a
 p

a
p

e
r r

e
cy

cl
in

g
 p

ro
je

ct
.

C
re

a
te

 a
 p

la
n 

th
a

t t
ra

ck
s 

yo
ur

 s
ch

o
o

l’s
 p

a
p

e
r r

e
cy

cl
in

g
 p

ro
je

ct
. 

W
he

re
 a

nd
 h

o
w

 w
ill 

yo
u 

g
e

t y
o

ur
 in

fo
rm

a
tio

n?

M
a

ke
 s

ur
e

 th
a

t e
a

ch
 c

la
ss

 s
o

rts
 th

e
 p

a
p

e
r c

o
lle

ct
e

d
 a

s 
fo

llo
w

s:

w
hi

te
 p

a
p

e
r, 

ne
w

sp
a

p
e

r, 
ca

rd
b

o
a

rd
 a

nd
 o

th
e

r. 

Yo
u 

ne
e

d
 to

 c
o

lle
ct

 d
a

ta
 p

e
r c

a
te

g
o

ry
 p

e
r c

la
ss

 to
 e

st
a

b
lis

h 
w

ho
 c

o
lle

ct
e

d
 th

e
 m

o
st

 d
ur

in
g

 th
e

 
ca

m
p

a
ig

n.

12
3b

D
at

a 
c

ol
le

c
tio

n 
c

on
tin

ue
d

Term 4

1.
  D

et
er

m
in

e 
w

he
th

er
 th

e 
d

a
ta

 is
 q

ua
lit

a
tiv

e 
or

 q
ua

nt
ita

tiv
e:

2.
  E

xp
la

in
 w

ha
t b

ia
s 

th
er

e 
is

 in
 d

oi
ng

 a
 re

se
a

rc
h 

en
tir

el
y 

on
lin

e.

3.
  I

d
en

tif
y 

th
e 

p
op

ul
a

tio
n 

or
 s

a
m

p
le

, a
nd

 d
es

cr
ib

e 
a

nd
 ju

st
ify

 y
ou

r c
ho

ic
e 

of
 s

ou
rc

e 
of

 d
a

ta
 a

nd
 m

et
ho

d
 o

f d
a

ta
 c

ol
le

ct
io

n 
to

 d
et

er
m

in
e 

th
e 

fo
llo

w
in

g
:

a
.  

Th
e

 n
um

b
e

r o
f h

o
us

e
ho

ld
s 

in
 S

o
ut

h 
A

fri
ca

 w
ith

 a
cc

e
ss

 to
 th

e
 in

te
rn

e
t.

a
.  

Th
e

 c
o

lo
ur

s 
o

f m
o

to
r c

a
rs

  i
n 

a
 u

se
d

–c
a

r l
o

t.

b
.  

Th
e

 n
um

b
e

rs
 o

n 
th

e
 s

hi
rts

 o
f a

 g
irl

s' 
so

cc
e

r t
e

a
m

.

c.
  T

he
 n

um
b

e
r o

f s
e

a
ts

 in
 a

 m
o

vi
e

 th
e

a
tre

.

d
.  

A
 li

st
 o

f h
o

us
e

 n
um

b
e

rs
 o

n 
yo

ur
 s

tre
e

t.

b
. T

he
 a

ve
ra

g
e

 w
e

ig
ht

 o
f t

he
 p

e
o

p
le

 v
isi

tin
g

 th
e

 lo
ca

l m
a

ll.

e
.  

Th
e

 a
g

e
s 

o
f a

 s
a

m
p

le
 o

f 3
50

 e
m

p
lo

ye
e

s 
o

f a
 la

rg
e

 h
o

sp
ita

l.
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Term 4

M
ea

su
re

D
efi

 n
iti

on
H

ow
 to

 c
a

lc
ul

a
te

Ex
a

m
p

le
D

a
ta

 s
et

: 2
, 2

, 3
, 5

, 5
, 7

, 8

M
ea

n 

Th
e

 m
ea

n 
is 

th
e

 
to

ta
l o

f t
he

 n
um

b
e

rs
 

d
iv

id
e

d
 b

y 
ho

w
 

m
a

ny
 n

um
b

e
rs

 th
e

re
 

a
re

.

To
 fi 

nd
 th

e
 m

ea
n,

 y
o

u
ne

e
d

 to
 a

d
d

 u
p

 a
ll 

th
e

d
a

ta
, a

nd
 th

e
n 

d
iv

id
e

th
is 

to
ta

l b
y 

th
e

 n
um

b
e

r
o

f v
a

lu
e

s 
in

 th
e

 d
a

ta

A
d

d
in

g
 u

p
 th

e
 n

um
b

e
rs

 g
iv

e
s:

2 
+ 

2 
+ 

3 
+ 

5 
+ 

5 
+ 

7 
+ 

8 
= 

32
 

Th
e

re
 a

re
 s

e
ve

n 
va

lu
e

s,
 s

o
 y

o
u 

d
iv

id
e

 th
e

 to
ta

l b
y 

7:
   

 
32

 ÷
 7

 =
 4

.5
7.

.. 
So

 th
e

 m
ea

n 
is 

4.
57

M
ed

ia
n 

Th
e

 m
ed

ia
n 

is 
th

e
 

m
id

d
le

 v
a

lu
e

 in
 a

 
se

rie
s 

o
f n

um
b

e
rs

.

To
 fi 

nd
 th

e
 m

ed
ia

n,
 y

o
u

ne
e

d
 to

 p
ut

 th
e

 v
a

lu
e

s
in

 o
rd

e
r, 

th
e

n 
fi n

d
 th

e
m

id
d

le
 v

a
lu

e
. I

f t
he

re
 a

re
tw

o
 v

a
lu

e
s 

in
 th

e
 m

id
d

le
,

th
e

n 
yo

u 
fi n

d
 th

e
 m

e
a

n
o

f t
he

se
 tw

o
 v

a
lu

e
s.

Th
e

 n
um

b
e

rs
 in

 o
rd

e
r:

2 
, 2

 , 
3 

, (
5)

 , 
5 

, 7
 , 

8 
Th

e
 m

id
d

le
 v

a
lu

e
 is

 m
a

rk
e

d
 in

b
ra

ck
e

ts
, a

nd
 it

 is
 5

.
So

 th
e

 m
ed

ia
n 

is 
5.

 

M
od

e 

Th
e

 m
od

e 
is 

th
e

 
va

lu
e

 th
a

t a
p

p
e

a
rs

 
th

e
 m

o
st

.

Th
e

 m
od

e 
is 

th
e

 v
a

lu
e

w
hi

ch
 a

p
p

e
a

rs
 m

o
st

o
ft

e
n 

in
 th

e
 d

a
ta

. I
t i

s
p

o
ss

ib
le

 to
 h

a
ve

 m
o

re
th

a
n 

o
ne

 m
o

d
e

 if
 th

e
re

is 
m

o
re

 th
a

n 
o

ne
 v

a
lu

e
w

hi
ch

 a
p

p
e

a
rs

 th
e

 m
o

st
. 

Th
e

 d
a

ta
 v

a
lu

e
s:

2 
, 2

 , 
3 

, 5
 , 

5 
, 7

 , 
8 

Th
e

 v
a

lu
e

s 
th

a
t a

p
p

e
a

r m
o

st
o

ft
e

n 
a

re
 2

 a
nd

 5
. T

he
y 

b
o

th
a

p
p

e
a

r m
o

re
 ti

m
e

s 
th

a
n 

a
ny

o
f t

he
 o

th
e

r d
a

ta
 v

a
lu

e
s.

So
 th

e
 m

od
es

 a
re

 2
 a

nd
 5

 

Ra
ng

e 

Th
e

 ra
ng

e 
is 

th
e

 
d

iff
e

re
nc

e
 b

e
tw

e
e

n 
th

e
 b

ig
g

e
st

 a
nd

 th
e

 
sm

a
lle

st
 n

um
b

e
r.

To
 fi 

nd
 th

e
 ra

ng
e,

 y
o

u
fi r

st
 n

e
e

d
 to

 fi 
nd

 th
e

lo
w

e
st

 a
nd

 h
ig

he
st

 v
a

lu
e

s
in

 th
e

 d
a

ta
. T

he
 ra

ng
e

 is
fo

un
d

 b
y 

su
b

tra
ct

in
g

 th
e

lo
w

e
st

 v
a

lu
e

 fr
o

m
 th

e
hi

g
he

st
 v

a
lu

e

Th
e

 d
a

ta
 v

a
lu

e
s:

2 
, 2

 , 
3 

, 5
 , 

5 
, 7

 , 
8 

Th
e

 lo
w

e
st

 v
a

lu
e

 is
 2

 a
nd

 th
e

hi
g

he
st

 v
a

lu
e

 is
 8

. S
ub

tra
ct

in
g

th
e

 lo
w

e
st

 fr
o

m
 th

e
 h

ig
he

st
g

iv
e

s:
 8

 –
 2

 =
 6

 
So

 th
e

 ra
ng

e 
is 

6.
 

Re
vi

se
:

Th
e

 in
te

rq
ua

rti
le

 ra
ng

e 
is 

th
e

 ra
ng

e
 o

f t
he

 m
id

d
le

 5
0%

 o
f a

 d
ist

rib
ut

io
n.

Bo
th

 v
a

ria
nc

e 
a

nd
 s

ta
nd

a
rd

 d
ev

ia
tio

n 
m

e
a

su
re

 h
o

w
 f

a
r 

th
e

 a
ve

ra
g

e
 s

co
re

s 
d

e
vi

a
te

 o
r d

iff
e

r f
ro

m
 th

e
 m

e
a

n.
 Th

e
 b

ig
g

e
r t

he
 d

e
vi

a
tio

n 
th

e
 b

ig
g

e
r t

he
 v

a
ria

nc
e

 
a

nd
 s

ta
nd

a
rd

 d
e

vi
a

tio
n.

A
n 

ou
tli

er
 is

 a
n 

o
b

se
rv

a
tio

n 
th

a
t 

lie
s 

a
n 

a
b

no
rm

a
l d

is
ta

nc
e 

fro
m

 o
th

e
r v

a
lu

e
s 

in
 

th
e

 d
a

ta
.

A
 la

rg
e

 st
a

nd
a

rd
 d

e
vi

a
tio

n 
m

a
y 

in
d

ic
a

te
 th

a
t p

re
se

nc
e

 o
f o

ur
lie

rs
. T

he
 in

te
rq

ua
rti

le
 

m
e

th
o

d
 m

a
y 

a
lso

 b
e

 u
se

d
 to

 c
he

ck
 fo

r o
ut

lie
rs

.

Ex
a

m
p

le
:  

a
. (

25
,2

4,
5,

25
,1

5,
1,

17
)

 
A

ns
w

e
r:

 
Ra

ng
e

 =
 2

4
 

M
e

a
n 

= 
16

 
M

e
d

ia
n 

= 
17

 
M

o
d

e
(s

) =
 2

5

b
. (

15
,2

4,
6,

9,
5,

7,
11

)
 

A
ns

w
e

r:
 

Ra
ng

e
 =

 1
9

 
M

e
a

n 
= 

11
 

M
e

d
ia

n 
= 

9
 

M
o

d
e

(s
) =

 n
o

ne

c.
 (1

7,
9,

26
,2

2,
26

)
 

A
ns

w
e

r:
 

Ra
ng

e
 =

 1
7

 
M

e
a

n 
= 

20
 

M
e

d
ia

n 
= 

22
 

M
o

d
e

(s
) =

 2
6

Re
m

e
m

b
e

r t
o

 s
ta

rt 
b

y 
a

rra
ng

in
g

 th
e

 d
a

ta
 

fro
m

 s
m

a
ll 

to
 b

ig
.

Ra
ng

e
M

ea
n

Ra
ng

e
M

ea
n

Ra
ng

e
M

ea
n

Ra
ng

e
M

ea
n

Ra
ng

e
M

ea
n

Ra
ng

e
M

ea
n

Th
e

 m
e

a
n 

a
ve

ra
g

e
 

is 
no

t a
lw

a
ys

 a
 

w
ho

le
 n

um
b

e
r.

N
ot

e 
if 

th
e

re
 is

 a
n 

e
ve

n 
a

m
o

un
t o

f n
um

b
e

rs
, t

he
 

m
e

d
ia

n 
w

ill 
b

e
 th

e
 v

a
lu

e
 

th
a

t w
o

ul
d

 b
e

 h
a

lfw
a

y 
b

et
w

ee
n 

th
e 

m
id

d
le

 p
a

ir 
of

 n
um

b
er

s.

2.
  C

a
lc

ul
a

te
 th

e 
in

te
rq

ua
rti

le
 ra

ng
e 

fo
r t

he
 fo

llo
w

in
g

 d
a

ta
 s

er
ie

s:

a
.  

3
1

2
7

4
3

1
6

b
.  

26
65

80
12

15
3

7
99
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c.
  

15
0

14
3

10
3

12
14

5
13

0
16

5
65

8
15

5

3.
 C

a
lc

ul
a

te
 th

e 
va

ria
nc

e 
a

nd
 th

e 
st

a
nd

a
rd

 d
ev

ia
tio

n 
of

 th
e 

fo
llo

w
in

g
 d

a
ta

 s
er

ie
s.

 

15
0

14
3

10
3

12
14

5
13

0
16

5
65

8
15

5

4.
  A

re
 th

er
e 

a
ny

 o
ut

lie
rs

 in
 th

e 
fo

llo
w

in
g

 d
a

ta
 s

er
ie

s.
  E

xp
la

in
 y

ou
r a

ns
w

er
.

22
25

26
29

31
35

50 N
ow

 tr
y 

it 
on

 y
ou

r o
w

n.

U
se

 th
e

 s
ta

nd
a

rd
 d

e
vi

a
tio

n 
to

 d
e

te
rm

in
e

 if
 th

e
re

 a
re

 a
ny

 o
ut

lie
rs

 in
 th

e
 fo

llo
w

in
g

 d
a

ta
 s

e
rie

s.

a
.  

b
.  

c.
  

U
se

 th
e

 in
te

rq
ua

rti
le

 to
 d

e
te

rm
in

e
 if

 th
e

re
 a

re
 a

ny
 o

ut
lie

rs
 in

 th
e

 fo
llo

w
in

g
 d

a
ta

 s
e

rie
s.

a
.  

b
.  

c.
  

40
50

40
30

17
0

–9
0

30
50

30
30

5
20

6
5

7
8

15

12
25

36
10

7
8

15
–1

2
50

30
–3

0

4
5

4
3

17
–9

3
5

3
3

15
17

11
51

–3
20

5
16

14
12

35
0

45
0

15
0

12
14

0
13

0
24

0
31

0
29

0
23

0
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8
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9

Si
gn
:

Da
te
:

W
e

 h
a

ve
 lo

o
ke

d
 a

t m
ea

su
re

s 
of

 c
en

tra
l t

en
d

en
cy

 a
nd

 m
ea

su
re

s 
of

 d
is

p
er

si
on

. 
W

e
 h

a
ve

 a
lso

 lo
o

ke
d

 a
t h

o
w

 to
 g

ro
up

 a
 s

e
t o

f d
a

ta
 th

a
t i

s 
sp

re
a

d
 o

ut
.

12
5a

Su
m

m
ar

is
e 

da
ta

Term 4

W
ha

t d
o

 w
e

 d
o

 w
he

n 
w

e
 

ha
ve

 c
o

lle
ct

e
d

 m
or

e 
th

a
n 

on
e 

a
ttr

ib
ut

e 
(c

rit
e

rio
n)

 a
b

o
ut

 th
e

 
sa

m
e

 s
ub

je
ct

?

In
 th

is 
w

o
rk

sh
e

e
t w

e
 a

re
 g

o
in

g
 

to
 lo

o
k 

a
t h

o
w

 to
 o

rg
a

ni
se

 
d

a
ta

 a
cc

o
rd

in
g

 to
 m

o
re

 th
a

n 
o

ne
 c

rit
e

rio
n.

C
a

n 
yo

u 
st

ill 
re

m
e

m
b

e
r w

ha
t 

th
e

 m
e

a
su

re
s 

o
f c

e
nt

ra
l 

te
nd

e
nc

ie
s 

a
re

?

D
e

sc
rib

e
 w

ha
t 

e
a

ch
 m

e
a

n.

M
ea

n

M
od

e

M
ed

ia
n

Ra
ng

e

In
 p

a
irs

 c
o

m
p

le
te

 th
e

 fo
llo

w
in

g
:

In
 th

is 
su

rv
e

y 
w

e
 c

o
lle

ct
e

d
 tw

o
 s

e
ts

 o
f 

d
a

ta
 o

f 1
2 

le
a

rn
e

rs
 in

 o
ur

 c
la

ss
. W

e
 k

no
w

 
th

e
ir 
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 c
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 p
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p
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 d
e

g
re

e
s 

C
e

lsi
us

, o
n 

4 
Ja

nu
a

ry
 it

 d
ec

re
a

se
d

 to
 2

1 
d

e
g

re
e

s 
C

e
lsi

us
 a

nd
 o

n 
5 

Ja
nu

a
ry

 it
 d

ec
re

a
se

d
 fu

rth
er

 to
 1

9 
d

e
g

re
e

s 
C

e
lsi

us
.

O
n 

6 
Ja

nu
a

ry
 it

 in
cr

ea
se

d
 to

 2
3 

d
e

g
re

e
s 

C
e

lsi
us

 a
nd

 o
n 

7 
Ja

nu
a

ry
 it

 in
cr

ea
se

d
 fu

rth
er

 
to

 2
5 

d
e

g
re

e
s 

C
e

lsi
us

.

O
n 

8 
Ja

nu
a

ry
 it

 d
ec

re
a

se
d

 fr
o

m
 2

5 
d

e
g

re
e

s 
C

e
lsi

us
 to

 2
1 

d
e

g
re

e
s 

C
e

lsi
us

 a
nd

 o
n 

9 
Ja

nu
a

ry
 it

 in
cr

ea
se

d
 to

 2
2 

d
e

g
re

e
s 

C
e

lsi
us

.

Th
e

 g
ra

p
h 

g
o

e
s 

up
 a

nd
 d

o
w

n 
sh

o
w

in
g

 te
m

p
e

ra
tu

re
 ri

se
 a

nd
 fa

ll.

A
sk

 th
e

 le
a

rn
e

rs
 to

 p
re

d
ic

t t
he

 w
e

a
th

e
r f

o
r t

he
 n

e
xt

 w
e

e
k 

a
nd

 th
e

n 
to

 d
ra

w
 a

 g
ra

p
h.



19
4

19
5

Si
gn
:

Da
te
:

Pr
ob

le
m

 s
ol

vi
ng

Fi
nd

 a
 b

ro
ke

n-
lin

e
 g

ra
p

h 
in

 a
 n

e
w

sp
a

p
e

r o
r t

he
 in

te
rn

e
t. 

Re
d

ra
w

 it
 a

nd
 th

e
n 

d
e

sc
rib

e
 it

.

13
1b

Br
ok

en
 li

ne
 g

ra
ph

 c
on

tin
ue

d

Term 4

a
.  

H
o

w
 d

o
e

s 
th

is 
g

ra
p

h 
d

iff
e

r f
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 re
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 m
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 s
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t d
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t t
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o

ss
ib

le
 c

o
m

b
in

a
tio

ns
 o

f s
a

nd
w

ic
he

s 
a

nd
 c

he
e

se
 a

re
 th

e
re

?

a
. A

 p
a

ir 
o

f d
ic

e
 is

 ro
lle

d
 o

nc
e

. 
i. 

 H
o

w
 m

a
ny

 p
o

ss
ib

le
 o

ut
co

m
e

s 
a

re
 th

e
re

? 

b
.  

Fi
nd

 th
e

 p
ro

b
a

b
ilit

y 
o

f r
o

llin
g

 d
o

ub
le

s

ii.
 W

ha
t i

s 
th

e
 p

ro
b

a
b

ilit
y 

o
f r

o
llin

g
 d

o
ub

le
?

So
 le

t u
s 

lo
o

k 
a

t t
hi

s 
e

xa
m

p
le

: 

• 
 3

 c
ho

ic
e

s 
o

f s
a

nd
w

ic
he

s 

• 
 3

 c
ho

ic
e

s 
o

f s
id

e
 d

us
g

e
s

• 
 2

 c
ho

ic
e

s 
o

f d
rin

ks

3.
3.

2 
= 

18
 to

ta
l o

ut
co

m
e

s
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 in
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9b

Fu
nd

am
en

ta
l c

ou
nt

in
g 

pr
in

c
ip

le
 c

on
tin

ue
d

Term 4

Po
ss

ib
ili

ty
 S

p
a

ce
s

W
he

n 
w

o
rk

in
g

 o
ut

 w
ha

t t
he

 p
ro

b
a

b
ilit

y 
o

f t
w

o
 th

in
g

s 
ha

p
p

e
ni

ng
 is

, a
 p

ro
b

a
b

ilit
y/

p
o

ss
ib

ilit
y 

sp
a

ce
 c

a
n 

b
e

 d
ra

w
n.

Fo
r e

xa
m

p
le

, i
f y

o
u 

th
ro

w
 tw

o
 d

ic
e

, w
ha

t i
s 

th
e

 p
ro

b
a

b
ilit

y 
th

a
t y

o
u 

w
ill 

g
e

t: 
8 

o
r 9

 

W
rit

te
n 

a
s:

 P
(8

 o
r 9

).

So
lu

tio
n:

Th
e

 p
ro

b
a

b
ilit

y 
sp

a
ce

 s
ho

w
s 

us
 th

a
t w

he
n 

th
ro

w
in

g
 2

 d
ic

e
, t

he
re

 a
re

 3
6 

d
iff

e
re

nt
 

p
o

ss
ib

ilit
ie

s.

Th
e

 b
lu

e
 c

irc
le

s 
in

d
ic

a
te

 th
e

 w
a

ys
 o

f g
e

tt
in

g
 8

 (a
 2

 a
nd

 a
 6

, a
 3

 a
nd

 a
 5

, .
 . 

.).
 T

he
re

 
a

re
 5

 d
iff

e
re

nt
 w

a
ys

.

Th
e

 re
d

 c
irc

le
s 

in
d

ic
a

te
 th

e
 w

a
ys

 o
f g

e
tt

in
g

 9
 (a

 2
 a

nd
 a

 6
, a

 4
 a

nd
 a

 5
, .

 . 
.).

 T
he

re
 

a
re

 4
 d

iff
e

re
nt

 w
a

ys
.

So
: 

W
ith

 5
 o

f t
he

se
 p

o
ss

ib
ilit

e
s,

 y
o

u 
w

ill 
g

e
t 8

. T
he

re
fo

re
 P

(8
) =

Th
e

re
 a

re
 fo

ur
 w

a
ys

, t
he

re
fo

re
 P

(9
) =

   
   

   
=

Th
e

re
fo

re
, y

o
u 

w
ill 

g
e

t a
n 

8 
o

r a
 9

 in
 th

e
 fo

llo
w

in
g

 n
um

b
e

r o
f a

ll 
th

e
 p

o
ss

ib
le

 3
6 

ce
lls

 
o

f t
he

 ta
b

le
. 

Th
e

re
 a

re
 9

 a
lto

g
e

th
e

r, 
so

 P
(8

 o
r 9

) =
   

   
+ 

   
   

   
= 

   
   

   
 =
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D
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D
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3.
 R

ol
lin

g
 tw

o 
st

a
nd

a
rd

 d
ic

e.
 U

se
 a

 tw
o–

w
a

y 
ta

b
le

 to
 d

et
er

m
in

e 
th

e 
p

ro
b

a
b

ili
ty

 fo
r r

ol
lin

g
:

a
.  

P(
3 

o
r 8

)  
   

   
   

 
 

b
.  

P(
7 

o
r 9

)  
   

   
   

 
 

c.
  P

(6
 o

r 5
)

a
. 

b
. 

c.
 



22
0

22
1

Si
gn
:

Da
te
:

  
 

1
4

0
Pr

ob
ab

ilit
y 

of
 c

om
po

un
d 

in
de

pe
nd

en
t 

ev
en

ts

Term 4

In
 th

is 
w

o
rk

sh
e

e
t, 

yo
u 

w
ill 

d
e

te
rm

in
e

 th
e

 p
ro

b
a

b
ilit

y 
o

f t
w

o
 e

ve
nt

s 
th

a
t a

re
 in

d
e

p
e

nd
e

nt
 o

f 
o

ne
 a

no
th

e
r. 

Fi
rs

t w
e

 lo
o

k 
a

t w
ha

t t
he

 te
rm

 in
d

e
p

e
nd

e
nt

 m
e

a
ns

 in
 te

rm
s 

o
f p

ro
b

a
b

ilit
y.

D
o

 th
e

 fo
llo

w
in

g
 e

xa
m

p
le

s:
 

A
 c

o
in

 is
 to

ss
e

d
 a

nd
 a

 s
ix

–s
id

e
d

 d
ic

e
 is

 ro
lle

d
. F

in
d

 th
e

 p
ro

b
a

b
ilit

y 
o

f g
e

tt
in

g
 a

 ta
ils

 o
n 

th
e

 
co

in
 a

nd
 4

 o
n 

th
e

 d
ic

e
.

So
lu

tio
n:

 L
e

t's
 u

s 
fi n

d
 th

e
 p

ro
b

a
b

ilit
y 

o
f e

a
ch

 in
d

e
p

e
nd

e
nt

 e
ve

nt
:

P(
ta

ils
) =

   
   

   
 T

he
re

 is
 o

nl
y 

o
ne

 “
ta

ils
” 

o
n 

a
 c

o
in

.

 
   

   
   

   
 T

he
re

 a
re

 tw
o

 to
ta

l o
ut

co
m

e
s 

(h
e

a
d

s 
a

nd
 ta

ils
)

P(
4)

 =
   

   
   

   
   

Th
e

re
 is

 o
nl

y 
o

ne
 4

 o
n 

a
 d

ic
e

.

 
   

   
   

   
 T

he
re

 a
re

 s
ix

 to
ta

l o
ut

co
m

e
s 

o
n 

a
 d

ic
e

 (1
,2

,3
,4

,5
,6

)

N
o

w
 w

e
 n

e
e

d
 to

 fi 
nd

 th
e

 p
ro

b
a

b
ilit

y 
o

f t
o

ss
in

g
 a

 ta
ils

 o
n 

th
e

 c
o

in
 a

nd
 ro

llin
g

 a
 4

 o
n 

th
e

 
d

ic
e

. S
o

, w
e

 n
e

e
d

 to
 c

o
m

b
in

e
 b

o
th

 e
ve

nt
s.

 T
he

re
's 

a
 s

p
e

ci
a

l r
ul

e
 fo

r c
a

lc
ul

a
tin

g
 th

e
 

p
ro

b
a

b
ilit

y 
o

f i
nd

e
p

e
nd

e
nt

 e
ve

nt
s.

 

N
o

w
, l

e
t u

s 
a

p
p

ly
 o

ur
 n

e
w

 ru
le

:

P(
ta

ils
 a

nd
 a

 4
) =

   
   

• 
   

 =
   

  

Th
e

 p
ro

b
a

b
ilit

y 
o

f fl
 ip

p
in

g
 a

 ta
ils

 o
n 

th
e

 c
o

in
 a

nd
 ro

llin
g

 a
 4

 o
n 

th
e

 d
ic

e
 is

   
   

 .

Tw
o

 e
ve

nt
s,

 A
 a

nd
 B

, a
re

 in
d

e
p

e
nd

e
nt

 if
 th

e
 o

ut
co

m
e

 o
f A

 d
o

e
s 

no
t a

ffe
ct

 th
e

 
o

ut
co

m
e

 o
f B

.

Th
e

se
 tw

o
 e

ve
nt

s 
(t

he
 c

o
in

 a
nd

 d
ic

e
) a

re
 in

d
e

p
e

nd
e

nt
 e

ve
nt

s 
b

e
ca

us
e

 th
e

 fl 
ip

p
in

g
 

o
f t

he
 c

o
in

 d
o

e
s 

no
t a

ffe
ct

 ro
llin

g
 th

e
 d

ic
e

. T
he

 e
ve

nt
s 

a
re

 in
d

e
p

e
nd

e
nt

 o
f e

a
ch

 
o

th
e

r.

To
 fi 

nd
 th

e
 p

ro
b

a
b

ilit
y 

o
f t

w
o

 o
r m

o
re

 in
d

e
p

e
nd

e
nt

 e
ve

nt
s 

th
a

t o
cc

ur
 in

 s
e

q
ue

nc
e

, 
fi n

d
 th

e
 p

ro
b

a
b

ilit
y 

o
f e

a
ch

 e
ve

nt
 s

e
p

a
ra

te
ly

, a
nd

 th
e

n 
m

ul
tip

ly
 th

e
 a

ns
w

e
rs

. 

P(
A

 a
nd

 B
) =

 P
(A

) •
 P

(B
)

1 2

1 6

1 2
1 6

1 12

1 12
Pr

ob
le

m
 s

ol
vi

ng

W
rit

e
 y

o
u 

o
w

n 
p

ro
b

a
b

ilit
y 

o
f t

w
o

 e
ve

nt
s 

p
ro

b
le

m
.  

So
lv

e
 it

.

1.
  F

in
d

 th
e 

p
ro

b
a

b
ili

ty
 o

f i
nd

ep
en

d
en

t e
ve

nt
s.

a
.  

A
 ja

r o
f m

a
rb

le
s 

co
nt

a
in

s 
th

re
e

 b
lu

e
 m

a
rb

le
s,

 s
ix

 re
d

 m
a

rb
le

s,
 tw

o
 g

re
e

n 
m

a
rb

le
, 

a
nd

 o
ne

 b
la

ck
 m

a
rb

le
. A

 m
a

rb
le

 is
 c

ho
se

n 
a

t r
a

nd
o

m
 fr

o
m

 th
e

 ja
r. 

A
ft

e
r r

e
p

la
ci

ng
 

it,
 a

 s
e

co
nd

 m
a

rb
le

 is
 c

ho
se

n.
 F

in
d

 th
e

 p
ro

b
a

b
ilit

y 
fo

r t
he

 fo
llo

w
in

g
:

 
• 

 P
(g

re
e

n 
a

nd
 re

d
)

 
• 

 P
(b

lu
e

 a
nd

 b
la

ck
)

2.
  Y

ou
 a

re
 g

iv
en

 a
 s

ta
nd

a
rd

 d
ec

k 
of

 5
2 

ca
rd

s 
th

a
t h

a
s 

b
ee

n 
w

el
l s

hu
ffl 

ed
. Y

ou
 w

a
nt

 
to

 c
ho

os
e 

a
n 

a
ce

, a
 s

p
a

d
e 

a
nd

 a
 fo

ur
, o

ne
 a

fte
r t

he
 o

th
er

. Y
ou

 p
ic

k 
up

 th
re

e 
ca

rd
s 

a
t r

a
nd

om
 fr

om
 a

ny
w

he
re

 in
 th

e 
p

a
ck

. I
f t

he
y 

a
re

 n
ot

 a
n 

a
ce

, a
 s

p
a

d
e 

or
 

a
nd

 a
 fo

ur
, y

ou
 re

p
la

ce
 th

em
 a

t r
a

nd
om

. W
ha

t i
s 

th
e 

p
ro

b
a

b
ili

ty
 o

f c
ho

os
in

g
 a

n 
a

ce
, a

 s
p

a
d

e,
 a

nd
 a

 fo
ur

 in
 th

is
 w

a
y?

12
 m

a
rb

le
s 

to
ta

l
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Term 4

Tw
o

 e
ve

nt
s,

 A
 a

nd
 B

, a
re

 d
e

p
e

nd
e

nt
 if

 th
e

 o
ut

co
m

e
 o

f t
he

 fi 
rs

t e
ve

nt
 a

ffe
ct

s 
th

e
 o

ut
co

m
e

 
o

f t
he

 s
e

co
nd

 e
ve

nt
.

D
e

p
e

nd
e

nt
 e

ve
nt

s 
a

re
 n

o
te

d
 a

s:
 P

(A
, t

he
n 

B)

A
 c

a
rd

 is
 c

ho
se

n 
a

t r
a

nd
o

m
 fr

o
m

 a
 s

ta
nd

a
rd

 d
e

ck
 o

f 5
2 

ca
rd

s.
 W

ith
o

ut
 re

p
la

ci
ng

 it
, a

 
se

co
nd

 c
a

rd
 is

 c
ho

se
n.

 W
ha

t i
s 

th
e

 p
ro

b
a

b
ilit

y 
th

a
t b

o
th

 c
a

rd
s 

ch
o

se
n 

w
ill 

b
e

 a
 k

in
g

?

P(
ki

ng
, t

he
n 

ki
ng

)

Fo
rm

ul
a

 u
se

d
 to

 fi 
nd

 th
e

 p
ro

b
a

b
ilit

y 
o

f d
e

p
e

nd
e

nt
s 

e
ve

nt
s:

C
a

lc
ul

a
te

 th
e

 p
ro

b
a

b
ilit

y 
o

f e
a

ch
 e

ve
nt

:

P(
p

ic
k 

o
ne

 k
in

g
) =

   
   

 =
   

   
   

 T
he

re
 a

re
 fo

ur
 k

in
g

s 
in

 a
 d

e
ck

 o
f c

a
rd

s.

 
 

 
 

   
   

Th
e

re
 a

re
 5

2 
ca

rd
s 

in
 th

e
 s

a
m

p
le

 s
p

a
ce

.

P(
p

ic
k 

a
 s

e
co

nd
 k

ng
) =

   
   

  =
   

   
  

If 
o

ne
 k

in
g

 is
 c

ho
se

n,
 th

e
re

 a
re

 th
re

e
 le

ft
.

 
 

 
 

 
If 

o
ne

 k
in

g
 is

 c
ho

se
n,

 th
e

re
 a

re
 o

nl
y 

51
 c

a
rd

s 
le

ft
.

P(
ki

ng
, t

he
n 

ki
ng

) =
   

   
   

• 
   

   
   

= 
   

 

Th
e

 p
ro

b
a

b
ilit

y 
th

a
t a

 k
in

g
 is

 c
ho

se
n,

 th
e

 c
a

rd
 is

 n
o

t r
e

p
la

ce
d

, a
nd

 th
e

n 
a

no
th

e
r k

in
g

 is
 

ch
o

se
n 

is 
   

  .

4 52

3 51
1 17

1 13
1 17

1 22
1

1 22
1

1 13

 P
(A

 a
nd

 B
) =

 P
(A

) •
 P

(B
 a

ft
e

r A
 o

cc
ur

s)

Pr
o

b
a

b
ilit

y 
o

f A
   

• 
   

Pr
o

b
a

b
ilit

y 
o

f B
, g

iv
e

n 
th

a
t A

 h
a

p
p

e
ne

d
.

Th
is 

m
e

a
ns

 w
e

 m
ul

tip
ly

 b
y 

th
e

 p
ro

b
a

b
ilit

y 
o

f e
ve

nt
 A

 ti
m

e
s 

th
e

 p
ro

b
a

b
ilit

y 
o

f 
e

ve
nt

 B
, g

iv
e

n 
th

a
t A

 h
a

s 
ha

p
p

e
ne

d
.

Sp
ec

ia
l n

ot
e:

 w
he

n 
ca

lc
ul

a
tin

g
 p

ro
b

a
b

ilit
y 

o
f d

e
p

e
nd

e
nt

 e
ve

nt
s,

 y
o

u 
a

lw
a

ys
 

a
ss

um
e

 th
a

t t
he

 fi 
rs

t e
ve

nt
s 

ha
p

p
e

ne
d

  a
s 

e
xp

e
ct

e
d

.

Pr
ob

le
m

 s
ol

vi
ng

Ex
p

la
in

 in
 y

o
ur

 o
w

n 
w

o
rd

s 
w

ha
t i

nd
e

p
e

nd
e

nt
 e

ve
nt

s 
a

re
.  

G
iv

e
 a

n 
e

xa
m

p
le

.

1.
 A

t t
he

 ty
re

 s
to

re
, fi

 v
e 

ou
t o

f e
ve

ry
 5

0 
ty

re
s 

a
re

 d
ef

ec
tiv

e.
 If

 y
ou

 p
ur

ch
a

se
 

fo
ur

 ty
re

s 
fo

r y
ou

r v
eh

ic
le

 a
nd

 th
ey

 a
re

 ra
nd

om
ly

 s
el

ec
te

d
 fr

om
 a

 s
et

 o
f 5

0 
ne

w
ly

 
sh

ip
p

ed
 ty

re
s,

 w
ha

t i
s 

th
e 

p
ro

b
a

b
ili

ty
 th

a
t a

ll 
fo

ur
 ty

re
s 

w
ill

 b
e 

d
ef

ec
tiv

e?

2.
  A

t t
he

 ti
re

 s
to

re
, fi

 v
e 

ou
t e

ve
ry

 5
0 

ty
re

s 
a

re
 d

ef
ec

tiv
e.

 If
 y

ou
 p

ur
ch

a
se

 fo
ur

 ty
re

s 
fo

r 
yo

ur
 v

eh
ic

le
 a

nd
 th

ey
 a

re
 ra

nd
om

ly
 s

el
ec

te
d

 fr
om

 a
 s

et
 o

f 5
0 

ne
w

 ty
re

s,
 w

ha
t i

s 
th

e 
p

ro
b

a
b

ili
ty

 th
a

t n
on

e 
of

 th
e 

fo
ur

 ty
re

s 
a

re
 d

ef
ec

tiv
e?

 (
on

ce
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ho
se

n,
 th

e 
ty

re
s 

a
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ot
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p

la
ce

d
).
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C
o

m
p

o
un

d
 e

ve
nt

s 
ca

n 
b

e
 c

la
ss

ifi 
e

d
 a

s 
m

ut
ua

lly
 e

xc
lu

siv
e

 o
r m

ut
ua

lly
 in

cl
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e

. T
he

 
p

ro
b

a
b

ilit
y 

is 
ca

lc
ul

a
te

d
 d
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p
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 p
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 d
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 c
a

n 
a

p
p

e
a

r, 
no

t b
o

th
. T

he
re

fo
re

, t
he

se
 

e
ve

nt
s 

a
re

 m
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r.

Ta
ke

 n
o

te
: w

ith
 th
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t c
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p
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 d
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 d
ic

e
 is

 ro
lle

d
. F

in
d

 th
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 p
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b
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p
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b
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 d
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 d
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 d
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 p
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.
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d
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f r
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