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The world of information
These days we take information for granted. We can find out 
about almost anything that interests us by logging onto the 
internet. To do so we use our computer, phone or other device 
that is capable of handling digital technology. The advent of the 
printing press in the 15th century had a dramatic effect on our 
civilisation. It allowed information to be distributed to large 
numbers of people and also provided a means for that information 
to be stored. However, its impact was relatively small compared 
to that of digital technology. 

In this lesson, we look at the meaning of the term ‘digital’ as used 
in the computer and information industries. We also discuss 
programming and clarify some of the terminology involved. 

Is data the same as information?
The terms data and information are often used interchangeably in 
everyday speech. This is acceptable, but for engineers and scientists 
these terms can carry specific meanings. A simple way of looking at it 
is to view ‘data’ as measures, numbers or variables, while information 
is the process of making some useful sense of the data. 

For example, an Excel table of student scores presents data. This 
could then be analysed to produce useful information about a student’s 
progress. All the web sites, blogs or tweets you consult provide you 
with information, but they are stored in computer memories as data. 

How is data stored and transmitted?
The quick answer here is that 
the data is stored and 
transmitted digitally, but what 
exactly does this mean? We 
will use the human voice as an 
example. As you know, sound 
is transmitted through the air 
as the air pressure changes. 
These pressure changes act 
on your eardrum and you hear 
the sound. The continuous 
blue wave in the diagram 
represents the analogue 
waveform. 

This waveform may be digitised 
by sampling the amplitude at discrete time intervals, known as the sampling 
rate.  The height of each bar is a sample and is represented by a binary 
number. A binary number, however long it may be, contains only two different 
digits, ‘one’ and ‘zero’. So the digitised signal is represented by a series of 1s 
and 0s. 

Similarly, each letter of the alphabet and each number from zero to nine 
is represented by a binary number in accordance with an agreed code. 
For example, the letter ‘A’ is represented in the American Standard Code 
for Information Interchange (ASCII code) as 01000001. (See www.
asciitable.com) A binary digit is called a bit and a group of eight bits is 
called a byte. In fact, anything you see on your screen, photos, images, 
videos, text and numbers are all strings of bytes. 

Why digital? 
Digital representation is so powerful and useful because computers 
work with digital data. The computer is the heart of the digital universe 
and the microprocessor is the heart of the computer. The microprocessor 
is a piece of hardware, commonly called the CPU (central processing 
unit). It is an amazing piece of electronics and might contain millions of 
transistors. The CPU interprets a low voltage input as one state and a 
high voltage as another. These two states represent ‘ones’ and ‘zeros’ 
and this is the key to why digital is important. It is the language of the 
computer hardware, commonly known as machine language. 

Furthermore, digital data can be sent thousands of miles across the 
internet and still reach its destination without being degraded. All that is 
necessary is that the ones and the zeros are identified correctly. 
Engineers have devised ways to ensure this. In addition, digital data can 
be easily stored and retrieved. Your USB flash memories, phones, DVDs, 
CDs and computer hard disk are all storage devices. Huge amounts of 
data are stored in Data Centres all over the world using technologies 
delivered by EMC. (See Understanding the Cloud, the EMC lesson in 
Edition 8, Science and Technology in Action) 

Who understands machine language?
The CPU needs instructions to tell it what to do, but only understands 
machine language. Humans don’t easily communicate in ones and 
zeros, so computer programming languages have been developed. 
These languages are called high level languages. These are then 
‘translated’ into low level machine language by other programmes called  
interpreters or compilers. The nearest language to machine language 
uses names instead of 
numbers and is called 
Assembly Language. You 
are probably familiar with 
the names of some high 
level languages such as 
Java, C and C++. 

Many students have 
learned how to use 
BASIC, which stands for 
Beginner’s All-purpose 
Symbolic Instruction Code. Of course, when you use an application 
programme such as Word or PowerPoint you don’t have to do any 
programming. It is all hidden in the background. All programmes that 
provide instructions to the computer are classified as software. 

The world of Big Data
The text file containing this lesson is less than 100 kilobytes of data (100 
kB). The fully designed lesson, with all the images, comes to about eight 
megabytes (8 MB). A CD could hold 500 MB. If you type a page it might 
be 2 kB. The complete works of Shakespeare might be 5 MB, while a 
high quality photograph could be 2 MB.  A DVD might hold 17 gigabytes 
(17 GB). 

These figures pale when compared to some of the quantities mentioned in 
discussions about Big Data. It has been estimated that some 2. 5 exabytes 
(2.5 EB) of data are created every day. In fact, there is so much data 
available to organisations and governments now that it is virtually 
impossible to manage it. 

Analogue voice waveform (blue) and a 
digitised voice waveform (orange 
bars).

High-level languages
(C++, Java, Basic)

Machine language
Assembly language

Hardware
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EMC is a global leader in enabling organisations to implement 
cloud computing and to store, manage, protect and analyse their 
most valuable asset - information. They are the world’s leading 
developer and provider of information infrastructure technology 
and solutions that enable organisations of all sizes to transform 
the way they compete and create value from their information.

EMC serves customers in more than 100 countries around the 
world. These customers include financial services firms, 
manufacturers, healthcare and life sciences organisations, 
internet service and telecommunications providers, airlines and 
transportation companies, educational institutions and public-
sector agencies. 

The company employs approximately 55,000 people worldwide 
and had reported revenues of over $ 21 billion in 2012.

EMC in Ireland

EMC established its manufacturing facility in Ovens, Cork in 
1988. This was the first EMC plant outside of North America and 
is now the largest one outside the US. It is known as a Centre of 
Excellence and incorporates research, training as well as 
manufacturing. An investment of €20 million was made in the 
Research and Development Centre in 2008 as part of its 20th 
anniversary celebrations. The EMC sales offices are located in 
Dublin and Belfast.

In 2012, a partnership with University College Cork and the Irish 
Management Institute (IMI) saw the development of a new 
executive programme, the Masters in Data Business. 

EMC now employs over 3,000 people in Ireland 

Find out more about the work of EMC at www.emc.com

Find this and other lessons on www.sta.ie

Indeed, this is the definition of Big Data 
– data that is beyond the capability of 
commonly used software tools to 
manage. 

The data comes from many sources 
including social media, consumer 
behaviour, weather systems, traffic 
counts, scientific research, remote 
sensors, cameras and a myriad other 
sources. Big Data is often referred to in 
terms of the three dimensions – its 
volume, its velocity and its variety. 
‘Volume’ here refers to the quantity of 
data, ‘velocity’ to the speed at which it 
must be handled and ‘variety’ refers to 
the range of data types and sources. 

It is now estimated that the amount of 
data will double every two years from 
now until 2020. By then, there will be 
more than 5 terabytes (5 TB) of data for 
every man, woman and child in the world. 

Much of this data is potentially very important and, if analysed effectively, 
could provide insights into business trends, crime, public health and many 
other socially critical issues. 

What skills do you need to work in this world?
Data is only as good as the 
information we get from it. 
This sounds obvious but, if 
there is a lot of data that is 
not structured in some way, 
it is difficult to use even the 
power of computers to 
analyse it. 

In fact, most data is 
unstructured, which means 
that no pattern or order is 
apparent. This is a great 
challenge for the IT industry. 

Accordingly, a new field of 
expertise has emerged called Data Analytics and many new jobs are 
forecast in this field in the future. So the opportunity is there for students to 
embark on rewarding career paths. 

Of course, IT knowledge is an obvious requirement in such an environment.  
It is also a good idea to learn something about computers and, at least, be 
familiar with the function of programming in the IT world. In addition, it will 
certainly be necessary to possess sound analytical and rational thinking 
skills. 

However, making sense of raw data and transforming it into useful 
information that human beings can make sense of, also requires good 
judgement, intuition and even common sense. 

It is this mix that makes the world of Big Data such a dynamic and challenging 
environment in which to work. 

How big is big? (The SI units)
We are used to terms such as 
megabyte and gigabyte in 
terms of data storage but need 
to be familiar with the higher 
orders in the world of Big 

Symbol Prefix Value

Y yotta 1024

Z zetta 1021

E exa 1018

P peta 1015

T tera 1012

G giga 109

M mega 106

k kilo 103
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Syllabus References

The relevant syllabus references are:

Leaving Certificate Technology

• Information and Communications Technology

• Computer Systems

• Computer Architecture

• Data Communications

• The Internet

The lesson can also be used effectively with Junior Certificate 
Science and during Transition Year.

Student Activities

1. According to an article in the New York Times, Twitter messages 
have reached 170 billion tweets and rising, by about 500 million 
tweets a day. If each tweet contains 110 text characters and there 
are 27 spaces between words, calculate how much storage space 
is required for three days of tweets.

2. Around 1985 programmable interface controllers (PICs) came on 
the market. These were relatively inexpensive single chip 
microcomputers designed specifically for controlling external 
devices such as lights or motors. A wide selection of such devices 
is now available, ranging in size from a few millimetres to a few 
centimetres. These devices generally have input and output lines 
(or lines that can be configured as either input or output). The 
number of output lines largely determines the number of devices 
that can be simultaneously controlled.

(i) Suppose a given PIC has eight output lines, labelled Q0 to Q7 
(or Q1 to Q8 if you prefer), devise a wiring arrangement to 
control eight LEDs arranged in a circle.

(ii) Write a repeating sequence of outputs (a ‘loop’) to light the 
LEDs in sequence.

(iii) If the LEDs are arranged as a seven-segment 
display, devise a set of outputs to light the LEDs 
so as to produce the numbers 0 to 9.

(iv) Chips are available to convert four digital outputs 
into seven control lines for seven-segment 
displays. Two such chips could be used to 
control two seven-segment displays. Write a list of 
instructions so that the numbers 00 to 99 could be displayed. 

True/False Questions

a) There are one thousand bytes in a megabyte. T F

b) Data in computers is stored digitally.  T F

c) Digitised voice is based on samples of the analogue   
wave form.  T F 

d) A binary number is a series of binary digits or bits.  T F

e) Data analytics is a developing field of expertise. T F

f) Most of the data produced these days is structured. T F

g) The CPU only recognises high level languages.  T F

h) ASCII means Australian Standard Code for Information. T F

i) Interpreters and compilers turn high level languages   
into machine language. T F

j) A group of six bits is called a byte. T F

k) A gigabyte is bigger than a terabyte. T F

l) There is a video link titled The Human Face of Big Data on   

Learning Outcomes

On completion of this lesson, students should be able to: 

• Discuss the concept of Big Data and state some of its characteristics.

• Differentiate ‘data’ and’ information’ and present an example.

• Outline how a digital voice signal is derived.

• Identify some advantages of digitised data.

• Distinguish high and low level languages.

• Recognise and define a range of SI units.

• Name some of the personal skills required for employment in the 
information world.

• Describe the function of EMC (worldwide) and EMC in Ireland.

General Learning Points

The following points can be used to enhance the lesson content 
and to inform discussion.

• Strictly, ‘data’ is the plural of ‘datum’, but, these days, it is frequently 
used as a singular noun in many publications 

• The terms ‘data’, ‘information’ and ‘knowledge’ are often used as 
synonyms. These terms can be differentiated around the level of 
abstraction – data being the lowest and knowledge the highest.

• Augmenting the 3-V Big Data model – volume, velocity and variety, 
commentators have added two other dimensions, ‘veracity’ and 
‘value’. 

• Several low-cost microcontrollers and computer-based platforms 
available that are ideal for learning and experimenting, such as: 
– PICAXE (uses PIC microcontroller) http://www.picaxe.com/
– Arduino (uses ATmega microcontroller)   http://www.arduino.cc/
– Raspberry Pi (uses ARM CPU) http://www.raspberrypi.org

• Useful programming resources can be found at:  
– Scratch http://scratch.mit.edu/
– CoderDojo http://coderdojo.com/
– The Code Academy http://www.codecademy.com/
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Examination Questions

Leaving Certificate Technology (OL) 2013, C, Q. 1
(a) The image shows an 18 pin PIC chip. 

Explain using a simple sketch how to 
identify pin number 1. Pins D1/A1 
and D0/A0 can be used for either 
digital or analogue inputs. Give one 
example of an analogue input and 
one example of a digital input.

(b) A student has produced a simple 
flowchart to control a motorised 
blind system in a bedroom. The 
system uses an LDR as a sensor to 
activate the motor to close the blind in 
darkness.

 Describe in detail the operation of the 
motorised blind as controlled by the 
flowchart.

 During operation it was found that the 
motorised blind did not stop at the bottom of 
the window. Suggest a suitable way to 
ensure that the blind stops accurately at the 
bottom of the window.

 Outline two advantages of using PICs in 
Applied Control technology.

Leaving Certificate Technology (HL) 2013, 
Q. 3

(a) Name two expansion bus components. 
Suggest two advantages and two 
disadvantages of using computer networks.

 Describe the main components, features, capabilities and 
limitations of a wireless network.

(b) A webpage can contain both text and images. Give three other 
elements which may also be included on a webpage.

(c) With reference to sound waves, outline the meaning of each of 
the following terms: Sampling rate, Amplitude and Sample 
format.

Leaving Certificate Technology (HL, B) 2011, Q. 3
(c)  Explain two functions of the power supply unit of a computer.

 Describe how pixels are used to form a bitmapped image.

(d)  Audio sounds are converted into digital data through the process 
of digitisation. A series of three sound qualities, with their sample 
sizes and sampling rates are shown in the table below.

Sound 
Quality

Sampling rate 
(kHz)

Sample size 
(bits)

A 8 8

B 11.025 8

C 44.1 16

 C represents the sound quality for commercial CD music tracks. 

Did You Know?

• The Large Hadron Collider apparently delivers petabytes of 
research data each year.

• The performance of a CPU is measured in MIPS (millions of 
instructions per second).

• The DVD, which is an optical data storage device, was invented in 
1995.

• Many organisations now consider ‘digital literacy’ to be a 
necessary skill.

• You can read and watch videos about Big Data at:  
www.ireland.emc.com

• The new Technology Centre in Data Analytics, a collaboration 
between DIT, UCD and UCC, is part of the drive to keep Ireland at 
the forefront of data developments. 

Biographical Notes 

Claude Elwood Shannon (1916 – 2001)
Claude Elwood Shannon was an American 
mathematician, and engineer who is now known 
as the father of information theory. When he was 
21, and a student at MIT, he produced his master’s 
thesis on the application of Boolean algebra to 
electrical circuits. Accordingly, he is also referred 
to as the founder of digital computing. He 
published a famous paper in 1948 called A 
Mathematical Theory of Communication while 
working for Bell Labs. In this paper he used the 
term ‘bit’ although he attributed the term to a colleague John Tukey, a 
mathematician and statistician. During World War II, Shannon worked 
on advanced telecommunications and code breaking.
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Revise The Terms

Can you recall the meaning of the following terms. Revising terms 
is a powerful aid to recall and retention.

analogue, analytical, ASCII (American Standard Code for Information 

Interchange), assembly language, BASIC (Beginner’s All-purpose 

Symbolic Instruction Code), big data, binary number, bit, byte, compiler, 

CPU (central processing unit), data, Data Analytics, digital, exabyte 

(EB), gigabyte (GB), hardware, high level language, information, 

interpreter, kilobyte (kB), low level language, machine language, 

megabyte (MB), memory, microprocessor, programming language, 

sample, terabyte (TB), variable, voltage.

Check the Glossary of Terms for this lesson on www.sta.ie 


