
Data Representation

"There are 10 kinds of people in the 
world, those who understand binary 

numbers, and those who don't."



How Computers See the World
• There are a number of very common needs for a computer, including the 

need to store and view data.
• Computers use electrical signals that are on or off, so they have to see 

everything as a series of binary numbers. This data is represented as a 
sequence of 1s and 0s (on and off). All data that we want a computer to 
process needs to be converted into this binary format.



What is Binary?
• Binary is a number system that only uses two digits: 1 and 0.

All information that is processed by a computer is in the form 
of a sequence of 1s and 0s. Therefore, all data that we want a 
computer to process needs to be converted into binary.

• The binary system is known as a ‘base 2’ system. This is 
because:
– there are only two digits to select from (1 and 0) 
– when using the binary system, data is converted using the power 

of two. 



Binary Units

Unit Number of bytes Equivalent decimal value range

Bit One eight (1/8) 0 or 1

Nibble One half (1/0) 0 to 15

Byte One 0 to 255

Kilobyte (kB) 103

Megabyte (MB) 106

Gigabyte (GB) 109

Terabyte (TB) 1010

Petabyte (PB) 1015

The following table shows some common Binary units. Work out the equivalent 
denary ranges for the binary units below. The first three have been done for you; 

Converting units: There are 8 bits in a byte, 1000 bytes in a kilobyte, 1000 kilobytes in a megabyte, 1000 
megabytes in a gigabyte, 1000 gigabytes in a terabyte and 1000 terabytes in a petabyte.
• Convert DOWN: How many MB are there in 5GB, the answer would be 5 X 1000 = 5000MB. How 

many kB? Multiply 5000 by 1000 = 5,000,000kB. How many bits? 5,000,000 * 1000 * 8 = 
40,000,000,000 bits

• Convert UP: How many MB would 1511kB be, the answer would be 556 / 1000 = 1.5MB. What about 
GB? Divide 1.5 by 1000 = 0.0015GB.



Understanding Denary

Thousands Hundreds Tens Units

1000 100 10 1

Thousands Hundreds Tens Units

1 0 2 4

1 x 1000 1 x 100 2 x 10 4 x 1+ + +

• People use the denary (or decimal) number system in their day-to-day lives. This 
system has 10 digits that we can use: 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

• The value of each place value is calculated by multiplying by 10 (i.e. by the power 
of 10). The first few place values look like this:

• Working out 1024



128 64 32 16 8 4 2 1

1 0 1 0 1 0 0 0

1 × 128 0 × 64 1 × 32 0 × 16 1 × 8 0 × 4 0 × 2 0 × 1 

128 0 32 0 8 0 0 0

Converting Binary to Denary

Binary

Calculation 
of numbers

Place value

Total 
numbers 

= 168

128 64 32 16 8 4 2 1

+ + + + + + +

• To convert a binary number to denary, start by writing out the binary place 
values. In denary, the place values are 1, 10, 100, 1000, etc. – each place 
value is 10 times bigger than the last. 

• In binary, each place value is 2 times bigger than the last (i.e. increased by 
the power of 2). The first few binary place values look like this:

Working out the value of 1010 1000:

So 1010 1000 in binary is equal to 168 in denary.



Forget about counting to 10 on your fingers ... 
you can count past 1,000 if you want! 

Right Hand
With just your right hand you can count to 31:

Binary Fingers!

Task: Practice counting from 0 to 31 on your fingers, just like 
above.
Do it many times until it becomes easy.
When you can do it well, demonstrate it to your teacher or a 
friend.
Extension: Want bigger numbers? Your left hand can help:

No fingers up is 0 Thumb is 1 Index finger is 2 2 and 1 makes 3 Middle finger is 4

Add your thumb for 5 4 and 2 makes 6 4 and 2 and 1 makes 7 Fourth finger is 8



Working out binary numbers

128 64 32 16 8 4 2 1 Answer

0 1 0 1 0 1 0 1
850 64 0 16 0 4 0 1

How would you convert the Binary value of 01010101 into Denary?

1. Add the binary 
into the table…

+ + + ++ + +

2. Numbers with a zero next 
to them are not included. 
Add only the numbers with a 
one next to them…

3. Add the numbers 
up. In this instance; 
64+16+4+1 = 85

First, create a table starting with 1, which increases by x2 each time starting right to left;

=



Working out Binary Numbers

The table above makes working out binary really easy.
“1” means the number has been selected
“0” means the number has not been selected 
Add up all the numbers that have been selected
Using this method, can you work out the binary numbers above?

128 64 32 16 8 4 2 1 Answer

0 0 0 0 1 0 1 0+ + + + + + +

+ + + + + + +

Convert the following binary numbers into their denary 
values using the table below:

00001010

01010000

10111000

11111111



Creating Binary Numbers
128 64 32 16 8 4 2 1 Answer

20

99

150

125

The table above can be used to create binary number too.
• Work from the largest number you can include in the number you wish to 

create (for example, 16 will fit into the first answer, 20,  but 32 
wont).Therefore you would write a “1” under 16. 

• As you have 4 remaining, you would add a zero under the 8 and a 1 below the 
4. The rest of the numbers are not required and therefore have a zero below 
them. 

• So, the binary code for 20 is: 10100
• See if you can work out the rest of the answers!



Extending the Binary Table
A binary table is made simply by starting from the right with a 1 and doubling the 
previous number as you go across to the left.
See if you can create a suitable table to work out the following numbers into binary:

Answer

600

1500

2000

2014



Hexadecimal
Hexadecimal (or hex) is a base 16 system used 
to simplify how binary is represented. A hex 
digit can be any of the following 16 digits: 
0 1 2 3 4 5 6 7 8 9 A B C D E F.
Each hex digit reflects a 4-bit binary sequence.
This table shows each hex digit with the 
equivalent values in binary and denary.
This means an 8-bit binary number can be 
written using only two different hex digits -
one hex digit for each nibble (or group of 4-
bits). It is much easier to write numbers as hex 
than to write them as binary numbers.
For example:
11010100 in binary would be D4 in hex 
FFFF3 in hex would be 
11111111111111110011 in binary 

Denary Binary Hexadecimal

0 0000 0

1 0001 1

2 0010 2

3 0011 3

4 0100 4

5 0101 5

6 0110 6

7 0111 7

8 1000 8

9 1001 9

10 1010 A

11 1011 B

12 1100 C

13 1101 D

14 1110 E

15 1111 F



Using Hexadecimal
• Hex codes are used in many areas of computing to simplify 

binary codes. It is important to note that computers do not 
use hexadecimal - it is used by humans to shorten binary to a 
more easily understandable form. 

• Hexadecimal is translated into binary for computer use. Some 
examples of where hex is used include:
– Colour references (graphics software and websites) 

– Assembly language programs 

– Error messages 



Converting Hexadecimal to Denary

Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F

Denary 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

256x 16x 1x Answer

1. Hex 5 A A

14502. Denary 5 10 10

3. Multiply 1280 160 10+ +

Work out the Hexadecimal value of 5AA into Denary;

1. Add the 
values to 
the table…

2. Use the table to convert the 
separate values into denary.

3. Multiply them 
by the according 
number…

4. Add the numbers to 
give you the denary 
answer.

First, create a table starting with 1, which increases by x16 each time starting right to left;



Convert the Hexadecimal Numbers into Denary
Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F

Denary 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

256x 16x 1x Answer

1. Hex C D

2. Denary

3. Multiply + +

256x 16x 1x Answer

1. Hex F A B

2. Denary

3. Multiply + +

256x 16x 1x Answer

1. Hex A C E

2. Denary

3. Multiply + +



Converting Denary / Binary to Hexadecimal

Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F

Denary 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

16x 1x Answer

Hex 6 A 6A

Convert the number 106 into Hexadecimal;

1. First convert 
the number into 
binary

128 64 32 16 8 4 2 1 No.

0 1 1 0 1 0 1 0 106

2. Split the byte 
into two nibbles;

8 4 2 1 8 4 2 1

0 1 1 0 1 0 1 0

3. Finally, Convert 
each nibble into a 
hex number; 

Why it works;
Hexadecimal is a base 16 system (0 to 15), therefore one hex digit contains as many bits of 
information as can be stored within one binary nibble (0 to 15).  



Convert the Denary Numbers into Hexadecimal

Denary
8

128
4

64
2

32
1

16 8 4 2 1
Hex 

Answer

23

50

99

120

200

250

255

Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F

Denary 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15



Colours
Hex can be used to represent colours on web pages and image-editing programs 
using the format #RRGGBB (RR = reds, GG = greens, BB = blues). 

The # symbol indicates that the number has been written in hex format.

This system uses two hex digits for each colour, e.g. #FF6600.

As one hex digit represents 4 bits, two hex digits together make 8 bits (1 byte). The values 
for each colour run between 00 and FF. In binary, 00 is 0000 0000 and FF is 1111 1111. 
That provides 256 possible values for each of the three colours.
That gives a total spectrum of 256 reds x 256 greens x 256 blues - which is over 16 million 
colours in total.



Colour Hunt

Colour Hex Number Binary Number

#

#

#

#

#

#

#

Using a colour palette within a suitable software package (e.g. Fireworks, Photoshop, 
etc.), can you complete the table to show the hex reference and the binary number.  

16x 1x Total

Use the tables 
below to help 
calculate the 
hex and binary 
numbers. 

128 64 32 16 8 4 2 1 Total

+

+ + + + + + +



RGB Colour Model
Hex values have equivalents in 
the RGB colour model. The RGB 
model is very similar to the hex 
colour model, but instead of 
combining hex values you use a 
value between 0 and 255 for 
each colour. So an orange colour 
that is #FF6600 in hex would be 
255, 102, 0 in RGB.

Colour Hex Number RGB Number

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

# R:     G:     B:

Consider the hex numbers you 
added for the previous task. Can 
you convert them into RGB 
numbers in the table above? Use 
the conversion table to help!

16x 1x Total

+



Exam Style Questions

Answer:

Answer:

Answer:

Answer:



Exam Style Questions

Answer:

5

Quantity Order (1-4)

15 bits

3 nibbles

2 bytes

1 kilobyte



Answers Your score:

EBI: 



Answers Your score:

EBI: 

5

6



Representing Characters, Images and Sound

Representing data

• All data inside a computer is transmitted as a series of electrical signals that are 
either on or off. Therefore, in order for a computer to be able to process any kind 
of data, including text, images and sound, they must be converted into binary 
form. If the data is not converted into binary – a series of 1s and 0s – the computer 
will simply not understand it or be able to process it.

Representing text

• When any key on a keyboard is pressed, it needs to be converted into a binary 
number so that it can be processed by the computer and the typed character can 
appear on the screen. 



ASCII• ASCII stands for American Standard 
Code for Information Interchange.

• The ASCII standard associates a 
seven-bit binary number with each 
of 128 distinct characters.

• The extended ASCII table uses 8 
bits, providing an additional 128 
characters (256 in total). 

• The extra characters represent 
those used in other languages and 
special symbols.

0000 0001 0010 0011 0100 0101 0110 0111

0000 NULL DLE 0 @ P ’ p

0001 SOH DC1 ! 1 A Q a q

0010 STX DC2 “ 2 B R b r

0011 ETX DC3 # 3 C S c s

0100 EDT DC4 $ 4 D T d t

0101 ENQ NAK % 5 E U e u

0110 ACK SYN & 6 F V f v

0111 BEL ETB ‘ 7 G W g w

1000 BS CAN ( 8 H X h x

1001 HT EM ) 9 I Y i y

1010 LF SUB * : J Z j z

1011 VT ESC + ; K [ k {

1100 FF FS , < L \ l |

1101 CR GS - = M ] m }

1110 SO RS . > N ^ n ~

1111 SI US / ? O _ o DEL

How to use the table
Example:
1. In order to find the binary number 

for the letter A, firstly find the 
character A then select the binary 
number at the top of the column, in 
this case 0100.

2. Add the binary number at the start 
of the row that character A is in, 
which is 0001.

3. Join them together to form your 
binary code for the letter A; 
01000001

4. You can then create a binary table 
to work out the decimal value of A.

First half

Se
co

n
d

 h
al

f



Unicode
• Unicode is the new standard for representing the characters of all the 

languages of the world, including Chinese, Arabic, Japanese and Greek 
characters.

• Unicode uses between 8 and 32 bits per character and has the advantage 
that it can represent many more unique characters than ASCII because of 
the larger number of bits available to store a character code. It uses the 
same codes as ASCII up to 127.

• Its major advantage is that it provides a unique standard for all the world’s 
writing systems. It allows for multilingual text in any language.

The following 
characters are 
examples of 
Unicode 
characters you 
can use within 
PowerPoint!



ASCII Challenges
The following challenges require you to use the ASCII table on the previous slide;

Answer: 

ASCII Challenge 1: Binary letters

ASCII Challenge 2: Secret Code!

Answer: 



Exam Style Questions

Answer:

1.1

1.2



Answers

1.1

1.2

Your score:

EBI: 



Representing Images

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 0 0 0 1 1 1 1

1 1 1 1 0 0 0 1 1 1 1

1 1 1 1 0 0 0 1 1 1 1

1 1 1 1 1 0 1 1 1 1 1

1 1 1 0 0 0 0 0 1 1 1

1 1 1 1 1 0 1 1 1 1 1

1 1 1 1 1 0 1 1 1 1 1

1 1 1 1 0 1 0 1 1 1 1

1 1 1 0 1 1 1 0 1 1 1

1 1 1 1 1 1 1 1 1 1 1

• Images also need to be converted into binary in order for a computer to process 
them so that they can be seen on our screen. Digital images are made up of pixels. 
Each pixel in an image is made up of binary numbers.

• If we say that 1 is black (or on) and 0 is white (or off), then a simple black and 
white picture can be created using binary. 

• To create the picture, a grid can be set out and the squares coloured (1 – black and 
0 – white). But before the grid can be created, the size of the grid needs be known. 
This data is called metadata and computers need metadata to know the size of an 
image. If the metadata for the image to be created is 10x10, this means the picture 
will be 10 pixels across and 10 pixels down.



Vector vs Bitmap
Vector Graphics

Are made up of lines 
and shapes with 
specific properties such 
as line style, line colour, 
fill colour, start point 
and end point. The 
computer stores this 
data in binary.

They don’t lose visual 
quality when adjusted.

Bitmap Graphics
When you take a photo on a 
digital camera, the image is 
not made up of individual 
shapes. To store this type of 
image on a computer, the 
image is broken down into its 
smallest elements called pixels 
(short for picture element). A 
pixel is a single point in an 
image and can have its colour 
set independently. The size of 
an image can be represented 
as width by height in pixels, 
e.g. 800 x 600.
The larger the image the more 
pixels will need to be stored.



Bitmap Guess Who?White = 1, Black = 0
Follow the binary code to 
create an image (start from 
the top left and go down 
row by row).

111111000111111 
111111000111111 
111111101111111 
111111101111111 
110000000000011 
110111111111011 
110100111001011 
110100111001011 
110111111111011 
110111111111011 
110000000000011 
111111010111111 
111100010001111 
111111010111111 
111111010111111 
111110000011111



Colour Depth
The system described so far is fine for black and white images, but most images need to use colours 
as well. Instead of using just 0 and 1, using four possible numbers will allow an image to use four 
colours. In binary this can be represented using two bits per pixel. For example, two bits per pixel 
could host up to four possible colours:

While this is still not a very large range of colours, adding another binary digit will double the number 
of colours that are available:

• 1 bit per pixel (0 or 1): two possible colours 

• 2 bits per pixel (00 to 11): four possible colours 

• 3 bits per pixel (000 to 111): eight possible colours 

• 4 bits per pixel (0000 – 1111): 16 possible colours

• 16 bits per pixel (0000 0000 0000 0000 – 1111 1111 1111 1111): over 65 0000 possible colours

• 24 bits per pixel (True Colour) : over 16 million (16,000,000) possible colours (Humans can 
distinguish 10 million colours).

The number of bits used to store each pixel is called the colour depth. Images with more colours 
need more pixels to store each available colour. This means that images that use lots of colours are 
stored in larger files.

00 01 10 11



Image Quality24 bits “True Colour”
16 bits “High Colour”
8 bits
4 bits
3 bits
2 bits
1 bit
0 bits

Bit depth: Bit depth: Bit depth: Bit depth:

e.g. e.g. e.g. e.g.

Bit depth: Bit depth: Bit depth: Bit depth:

e.g. e.g. e.g. e.g.

In the first cell under the image add the 
correct bit depth. In the second cell give an 
example binary number.



Image Quality
• Image quality is affected by the resolution of the image. The resolution of an 

image is a way of describing how tightly packed the pixels are. 

• In a low-resolution image, the pixels are larger so fewer are needed to fill 
the space. This results in images that look blocky or pixelated. 

• An image with a high resolution has more pixels, so it looks a lot better when 
you zoom in or stretch it. The downside of having more pixels is that the file 
size will be bigger.



8 Bit Colours

For more information, go to: http://www.csfieldguide.org.nz/DataRepresentation.html

Nice to Know!

As an example, suppose you have the colour that has red = 145, green = 50, and blue = 123 (see the purple box). You 
need to convert each of the 3 numbers into binary, using 8 bits for each.

RED = 10010001 (Hex#91)
GREEN = 00110010 (Hex#32)
BLUE = 01111011 (Hex#7B)

This can be written as 100100010011001001111011 (or Hex#91327B), which is the bit pattern for representing that 
shade of purple. 
Note that there are no spaces between the 3 numbers, as this is a pattern of bits rather than actually being 3 binary 
numbers, and computers don’t have any such concept of a space between bit patterns anyway; everything must be a 
0 or a 1. 
You could write it with spaces to make it easier to read, and to represent the idea that they are likely to be stored in 3 
8-bit bytes, but inside the computer memory there is just a sequence of high and low voltages, so even writing 0 and 
1 is an arbitrary notation. 
Note that all leading and trailing 0’s on each of the components are kept; without them, it would be representing a 
shorter number. 
As long as the computer knows this is a colour (typically because it has been taken from a file that is specifying 
colours, such as GIF or HTML), it will know that the first 8 bits specify the amount of red, the next 8 bits specify the 
amount of green, and the last 8 bits specify the amount of blue. 
The computer won’t actually convert the number into decimal, as it works with the binary directly — most of the 
process that takes the bits and makes the right pixels appear is typically done by a graphics card or a printer.

http://www.csfieldguide.org.nz/DataRepresentation.html


Exam Style Questions

Answer:

1.1



Exam Style Questions

Answer:

1.2

Answer:

1.3



Exam Style Questions

Answer:

1.4

Answer:

1.5



Answers

1.1

1.2

1.3

1.4

1.5

Your score:

EBI: 



Representing Sound
• Soundwaves are analogue, which means they are continuously changing. Sound needs to be 

converted into binary for computers to be able to process it. To do this, sound is captured -
usually by a microphone - and then converted into a digital signal. An analogue to digital 
converter will sample a sound wave at regular time intervals.

• A sample is a measure of amplitude at a point in time. A sample requires two things, a sample 
resolution and sample rate.

The samples can then be converted to binary. 

For sound waves, the analogue signal is converted as follows: 
1. Analogue sound is received by a microphone
2. This is converted  into an electrical analogue signal
3. The signal amplitude (height of the wave) is measured at regular intervals (sampled)
4. The values are rounded to a level (quantisation)
5. The values are stored as a series of binary numbers.



Representing Sound
Sample resolution is the number of bits used to store each sample. The higher the bit sample 
resolution, the more accurately the sound is represented.

Sample rate is the frequency with which the amplitude of the sound is recorded, i.e. the number 
of samples per second. This is measured in Hertz (1Hertz = 1 sample per second). The more 
frequent the sample, the better the quality of the sound.

To calculate the file size of a sound sample, use the following equation:

(sample rate x sample resolution x number of seconds)

A sample rate of 44.1 kHz is typically used for CD audio, with a sample resolution of 16 bits per 
sample. 

The file size of a sound clip lasting 10 seconds would be: 

(44.1 x 16 x 10) = 7056 kbps

Divide this number by 8 to get from bits to bytes:

7056 / 8 = 882kB or 0.88MB (divide again by 1000)



0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 6 7 8 9 10

Sampled Sound Denary Value

Sampled Sound Denary Value

Task 1: Double click on the graph below and 
complete it by including the denary values 
within the table (right click on the graph and 
choose the ‘edit data’ option).

Create a Sound Graph



Improve the Sound Quality
Task 2: Within the graph below, show how the quality of the sound could be 
improved by increasing the sample rate. You will have to use the original 
graph to help take accurate measurements. 

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 6 7 8 9 10

Sampled Sound Denary Value

Sampled Sound Denary Value



Answer:

1.1

Answer:

Answer:

Exam Style Questions

1.2

1.3



1.4

Answer:

Answer:

Exam Style Questions

1.5



1.6

Exam Style Questions

Stage Order (1-4)

Binary representation of level stored

Microphone picks up sound waves

Value read at speed specific point and rounded 
to a level

Converted to an electrical analogue signal



Answers

1.1

1.2

1.3

Your score:

EBI: 



Answers

1.4

1.5

Your score:

EBI: 

1.6


