
Measure a typical chair in one of the classrooms at your school. Explain why this chair is not 
ergonomically suitable for use at a computer desk. 
 
The seat is too low to be suitable at the computer desks, only 42cm off the ground to the seat. 
Taller people would not be able to sit flat at the desk. Additionally the chair lacks back support 
and adjustment. The backrest is about 45cm tall, but is not adjustable, meaning a strain to the 
person as they have to sit in one confined position for the entirety of the day. Additionally the 
material of the seat is hard and not very comfortable to sit on. This can lead to lower back and 
tailbone pain. In general the chair is suitable for class work and short periods but not at a 
computer desk. 
 
 
Investigate the causes, symptoms and cures for either carpal tunnel syndrome or tenosynovitis. 
Explain what can be done by a computer user to minimise the risk of these disorders. 
 
CARPAL TUNNEL SYNDROME 
 
Causes 

- A numbness and tingling in the hand and arm caused by a pinched nerve in the wrist. 
 
Symptoms 

- Pain areas in the hands, wrist, or forearm 

- Hand numbness 

- Sensation of pins and needles 

- Hand clumsiness 

- Hand pain at night 

- Hand weakness 

- Wrist weakness 
 
Cures 

- Devices 
- Splint 
- Medications 
- Steroid and Nonsteroidal anti-Inflammatory drug 
- Surgery 
- Carpal tunnel surgery 
- Self-care 
- Ice pack and Rest 
- Therapies 
- Stretching 

 



How to avoid 
- Type and do daily activities with a gentler touch 
- Take breaks frequently 
- Stretch your muscles often 
- Exercise and stay healthy 
- Use ergonomic guidelines, setting up your workspace so that everything is comfortable 
- Sit and work properly, right arm distance for the keyboard 
- Centre your work right in front of you 
- Keep hands and wrist inline with your forearm 
- Hold elbows close to side 
- Avoid leaning on the heel of your hand or wrist 
- Consider switching your tools/equipments (a new keyboard for example) 
- Consider investing in wrist splints and supports 

 

 
Describe how the workplace environment can affect the health and performance of a computer 
user. Illustrate your answer with appropriate examples. 
 
The workplace environment can severely affect the health and performance of a computer user. 
From aspects such as noise levels, screen brightness and temperature, these factors have the 
potential to adversely affect users. For example, if the computer user were to work in a loud and 
crowded room, they would be easily distracted and lack the concentration to work efficiently. 
Likewise a completely silent room, or a room with a prominent and annoying noise, like a 
humming fan can lead to the user becoming frustrated, paranoid and distracted.  
 
Explain why the laws of copyright are necessary. What would happen to computer software if it 
was not covered by these laws? 
 
Without the copyright laws, no programmer or software engineer would get paid for their 
software. Instead the computer software would be distributed everywhere and everyone would 
be able to claim it as theirs. Furthermore, it means that software would be easier to use illegally 
and altered, hence making the internet a more dangerous space. 
 
Describe the responsibilities of a computer programmer as regards the use of program code 
from outside sources. 
 
Always acknowledge the outside sources. Make sure you ask the developer about what you can 
and can not use as well as check the policies and terms and conditions. Use the software 
honestly and for good intentions, don’t use it to harm others. Make sure that you respect the 
privacy of others and don’t do what they original developer clearly states not to do. 
 

 



Voice recognition software is becoming much better. What new applications, or adaptations of 
old applications, will occur as a result of this advance? Describe the tasks that the new software 
will perform. 
 
Adaptations of predictive text and customised user experiences will occur to improve and 
enhance the voice recognition software. Additionally there will now be more applications which 
are hands free, such as the Google Home. There will also be improvements in the security 
aspect of applications, phones and devices will now have voice recognition to open phones.  
 
You have been chosen to develop a library enquiry system for your local library. What features 
will you include to make it useable to the largest number of people possible? 
 
Learnability (Main feature which affects access) 

- Making it easy to understand and learn 
- Images and icons like loaning and returning 
- Pop up messages which guide users 
- Translated into several languages 

- Easy to find/search for 
 
 
Flexibility 

- Customisable account 
- Makes it easier for people to access their wanted features 
- Personalised, and computer learning 

 
Robustness 

- Making the data relay fast 
 
 
 
ERGONOMICS 
Study of the relationship between people and their work environment. 
• The work environment includes the operator’s furniture, equipment 
placement, work techniques, software interface and general working 
surroundings. 
• Prolonged use of software may lead to RSI if the environment and work 
practices are not right. 
• Furniture needs to be properly designed and placed for worker to avoid 
problems cause by poor posture. 
• User-friendly software can assist in the prevention of work-related health 
problems. 
• Software that is user-friendly will have acceptable response times, be easy 
to use, provide appropriate messages to the user and have a consistent 

 



interface. 
• Objects such as books and computer programs which result from a 
creative process are covered by the laws of copyright. 
• Software licence agreements spell out the conditions under which a 
software item can be used. 
• Licences will specify how the software may be installed, the reproduction 
of the software and the manner in which backup copies can be kept. 
• When installing a software title, the user automatically agrees to the terms 
of the licence. 
• Software design ideas have come from a large number of different sources. 
• When using a section of code, a programmer needs to ensure that all the 
laws of copyright are followed. 
• Software should be available to the whole population, taking into account 
various perspectives. 
• Software design benefits both the user and the designer, as the designer 
acquires or enhances skills in many areas. 
 
 
HARDWARE  
Five logical elements: input, processing,control, storage,output 
 
Input - entering data into the computer for processing into information.  

Data refers to the raw facts used by the computer, such as letters and numbers.  
Information is data that has been ordered and given some meaning.  

Result of work on the computer and depends on the data entered. If the data  
entered is inappropriate, the information presented will be meaningless.  
 
‘garbage in, garbage out’ (GIGO). 

 
Devices include keyboards, mice, disks and scanners. 
 

Processing - changing data to produce information by following a series of instructions.  
Is carried out by the central processing unit (CPU).  
CPU takes the data entered from an input device, changes it in some way to produce 
information, and sends it to an output device to be presented. 
 

Control - coordinates the operations of the input, processing, output and storage.  
Performed by the control unit (part of the CPU).  
 
 
 

- Components located on a thin silicon wafer called an integrated circuit (IC) or silicon 
chip.  

 



- In a microcomputer the CPU is contained on one integrated circuit and is called a 
microprocessor. 

- These integrated circuits are located on the flat printed circuit board inside the computer 
called the main board, logic board or motherboard 

 
The CPU is made up of: 
 
Control Unit 

- Coordinates the operations of input, processing, output and storage.  
- Directs flow of data in the computer (Like traffic lights) 
- Selects and retrieves instructions from storage in sequence, interprets them, and starts 

the required operation. 
 
Arithmetic logic unit 

- ALU does all the mathematical and logical calculations.  
- Basic mathematical operations,addition, subtraction, multiplication and division 
- Comparison operations to make decisions using relational operators (=, < >, etc.) 
- Combine decisions using the logical operators (and, or, not). 

 
Registers 

- Temporary storage area for small amounts of data or instructions needed for processing 
- Faster access to data than primary storage.  

 
Some of the different registers are: 

- Accumulator = storing the result of the latest calculation 
- Storage register =storing data coming from, or being sent from, primary storage 
- Address register = storing info such as a number about the location of data in primary 

storage (This information is called the address of the data.) 
- Instruction register, for storing the instruction or operation code (op code) 
- Other registers = store data that can be used for comparisons 

- A flag register where a 1 is stored in a specified place in the register when an 
operation gives a particular result. 

 
Storage - receiving and retaining data allowing it to be accessed and retrieved when required. 

Primary storage or secondary storage, permanent or temporary.  
 
Primary storage  
Holds data and programs before and after they are processed by the CPU (‘internal storage’)  

 
AKA main memory, primary memory, main storage, memory. 
 

- Directly accessible by the CPU 

 



- Unit of measurement of storage = byte (single character (letter, a number, a 
punctuation mark or a space.)) 

- Virtual memory uses a secondary storage device to simulate extra primary 
storage.  

- Slower than main memory as large amounts of data need to be 
transferred between primary and secondary storage. 

 
 

Permanent Memory: Read-only memory (ROM) 
- Data and instructions which are fixed at the time of production 
- Cannot be changed by the operator or the computer. 
- Allows data to be retrieved (read) and not entered into storage.  
- Software that is stored in ROM is called firmware. 

- Protects it from being damaged or changed.  
- Often contains part of the operating system  

- So that computer, or even software such as a word processor, can 
be started.  

- Contents are set by the computer manufacturer.  
- Rom is non-volatile memory = does not lose its contents when the power to the 

computer is turned off.  
 
Silicon chips used for ROM: 

- Programmable ROM (PROM) chips = data and instructions to be entered only once and 
cannot be reprogrammed.  

- Erasable programmable ROM (EPROM) chips - can be erased and reprogrammed by 
the computer manufacturer. 

 
Temporary Memory: Random access memory (RAM) 

- Data and instructions are held temporarily and where they can be manipulated or 
executed.  

- Allows us to read and write data. 
- Depends on a supply of electricity to maintain data storage.  
- If power to the computer is shut off, everything in RAM is lost.  

Silicon chips for RAM: 

 



- Dynamic RAM (DRAM) chips = in microcomputers as they are small and relatively 
simple.  

- Static RAM (SRAM) chips = faster access time than DRAM but require additional power 
which is usually supplied by a small battery. SRAM chips are used in small portable 
computers.  

- Ferroelectric RAM (FRAM = non-volatile memory with fast access time that could 
replace ROM and some secondary storage devices such as hard disks. 

 
Temporary Memory: Cache memory 

- Located between the CPU and RAM  
- Speed up the access to program instructions and data. 

 
Secondary storage 
More permanent,‘external storage’.Uses media such as hard disks to store data. 
 

- Stores data away from the computer’s main board.  
- Secondary storage media include magnetic tapes, magnetic disks and CD-ROM disks. 

 
Magnetic tape 

- Long, thin strip of plastic, coated with a thin layer of magnetic material.  
- Data is stored on the tapes in frames, each frame = one byte.  
- Data is ‘written’ onto the tape by a read/write head  

- Converts electrical impulses into magnetic impulses that change the direction of 
magnetism of the coating on the tape. 

- Uses sequential access to retrieve data.  
- Starts at the beginning of the tape and reads all the data until item is found.  
- Sequential access = slow, unsuitable for data which is often revised or updated.  

- Made in reel-to-reel, cassette and cartridge forms. 
- Holds different amounts of data and accesses the data at different rates. 

 
Magnetic disks 

- Circular piece of metal or plastic coated with a thin layer of magnetic material.  
- Written and read like magnetic tape, except that the medium is a disk  
- Housed in a protective jacket or container, since a fingerprint, a spot of dust or a smoke 

particle can damage the disk and prevent access to the data.  
- Floppy disks and hard disks are magnetic disks. 

- Use direct access (or random access) to retrieve data.  
- Allows data to be found directly without accessing all the previous data. 
- Faster than the sequential access 
- Can hold more data in a smaller space 

- Cannot be used until it has been formatted.  
- Formatting/initialising, prepares a disk to store data  

- Organises the disk into: 

 



- Concentric circles called tracks  
- Pie-shaped wedges called sectors 

- Operating system determines number of tracks and sectors.  
- Labels each sector of each track with an address 

- Can go directly to a specific area (direct access).  
- If formatted by one operating system, a different operating system may not be able to 

read its data. 
 
Floppy disks 

- Magnetic disk made of flexible plastic and covered with magnetic material.  
- Cost only a few dollars 
- Most common sizes = 3.5 inches (9 cm) and 5.25 inches (13 cm).  

- Diameter of the disk, 
- 5.25 inch disks are flexible 
- 3.5 inch disks are housed in a hard plastic jacket 

- Must be inserted into the disk drive 
- Built into the computer  

or  
- External unit connected to the computer by a cable 

- Disk drive spins the disk at a constant speed and data is stored on, or retrieved from, 
tracks located on the surface of the disk.  

- Common use can store between 140 kB and 1.44 MB of data 
- Depends on the type of computer and disk drive. 

- Single density, double density or high density 
- Higher the density, the greater the disk’s data storage.  
- Double density floppy disks can store about 720 kB of data 
- High density floppy disks can store about 1.44 MB of data. 

 
Hard disks 

- Magnetic disk made of metal and covered with magnetic material 
- Inside the computer’s casing or in a sealed unit 
- More rigid and thicker allows it to be rotated faster than a floppy disk = faster access to 

data. Another advantage of 
its hard construction is that it permits data to be 
stored more densely. For example, hard disks 
attached to a microcomputer can store between 
2 GB and 20 GB of data, which is much more 
than a floppy disk can. 
Hard disk drives are available for all sizes of 
computers. The disk may be permanently installed 
in the drive, when it is called a fixed disk, or it 
may be in the form of a removable cartridge or 
disk pack that can be removed from the drive. 

 



A fixed disk is enclosed permanently inside the sealed case for protection from 
the elements. Fixed-disk systems contain one or more hard disks and can be used 
on all types of computers. In large computers the fixed-disk system provides 
storage capacities in the gigabyte (billions of bytes) range. 
A removable cartridge, for example a Zip Disk or a Super Disk, has a similar 
speed and capacity to a hard disk. These cartridges usually contain one or two 
disks. Many hard disks used with small computers are designed to use removable cartridges. 
The advantage of the removable cartridge is that it can be removed at 
any time, and a different cartridge inserted. For example, a separate cartridge can 
be used for a different application or to transfer data from one place to another. 
A disk pack is another removable device in which several hard disks (a 
common number is eleven) are packed into a single plastic case. The disk pack 
drives are designed for large systems that require large storage capacities of 
hundreds of megabytes. 
Compact disks 
A CD-ROM (compact disk read-only memory) disk is an optical laser disk which 
stores digital data by using laser beams (see Figure 2.15). It is based on the 
technology of the CD audio disk. This laser technology provides very large 
storage capacities, and a CD-ROM disk is able to store up to 600 MB of data. 
Since you cannot write to a CD, it is not suited to applications where data 
changes, but it is very convenient for storing data that remains constant. In 
particular CDs are used for encyclopedias, reference material, educational titles, 
children’s stories and games. They are also popular for multimedia applications 
to store video and audio data. 
CD-R (compact disk recordable) technology allows data to be recorded once. 
With the appropriate software and hardware, audio, video and computer data can 
be recorded on each CD-R. CD-RW (compact disk read write) technology allows 
a CD-RW disk to be rewritten. 
 
HARDWARE TRENDS 
Hardware technology is focused on improving processing speed, increasing 
storage and providing a better human–computer interface. Processing speed is 
improved by increasing the clock speed of the computer and increasing the 
number of bits processed at the one time (the word length). Increased storage 
allows a computer to manipulate data from more complex systems, for example 
 
real-time audio and video, as these types of data carry a large amount of infor- 
mation. Equally important in the storage of large data files is the need to rapidly 
 
move the files from secondary storage into primary storage. In order to provide a 
more friendly working environment for users, the interface with the computer is 
undergoing changes, especially with regard to the use of non-keyboard input 
devices such as a microphone. 

 



 
 
Output - presentation of information to a person, or data to another computer. Includes transfer 
of data from primary storage to an output device such as a monitor or printer.  
 

Information presented is result of the operator’s work on the computer 
Data is entered using an input device and processed in some way before being 

presented 
using an output device 
Data can be held on a storage device for later use  

 
 
Peripherals = other devices not CPU.  

Include input and output devices, and secondary storage.  
The keyboard, mouse, monitor, printer and disk drive are all peripheral devices. 
 
 

Software 
Society’s acceptance of computer technology is due to its adaptability to a very 
wide range of tasks. For example, the same hardware item can be used to monitor 
the security of a factory at night and prepare the week’s payroll the next day. This 
adaptability is made possible by software. 
Software can be classified as system software or application software. System 
software provides the algorithms for the computer to manage its resources and to 
communicate with peripherals. Application software is responsible for the 
instructions which allow the computer to perform a particular task. 
System software 
System software falls into two groups: the operating system and utility software. 
The operating system provides the computer with programs that allow it to 
communicate with the outside world and manage its resources. Utility software 
allows the user to perform common tasks such as formatting disks, deleting files 
and searching through files. 
The main tasks of the operating system are in the management of resources 
and to isolate the user from the direct use of hardware items. The operating 
system’s task starts as soon as the computer is turned on and does not finish until 
it has been turned off. At startup, the computer needs a program to follow so that 
it is ready for the user. This program is provided by the operating system, which 
ensures that the input and output devices are made ready for use and the primary 
memory is set up to receive to receive programs and data. The user sees the 
computer go through a predetermined set of steps which will leave it in a predictable state of 
readiness for the user 
to perform whatever tasks are required. 
 

 



While the computer is on, the oper- 
ating system usually provides the link be- 
tween the application program and the 
 
input and output devices. When programs 
are written, input and output are usually 
described in general terms, for example 
PRINT ‘Hello’. It is up to the operating 
 
system to communicate at a machine-to- 
machine level with the required peri- 
pheral. In the case of printing to a printer, 
 
the operating system will communicate 
with the printer’s driver (the program 
which controls the operation of the 
printer). This allows the same application 
program to be used on computers with 
different printers. 
 
Some utilities are often included with- 
in modern operating systems, for example 
 
utilities to copy files, delete files and 
transfer files from one directory to 
another. Other utilities may be added to 
the operating system to perform less 
common tasks, such as virus checking or 
file recovery. 
 
Application software 
System software is responsible for the operation of the computer hardware and 
the general interface with the outside world. The second class of software, 
application software, is responsible for the computer being able to perform 
 
specific tasks. If we look at a factory as an analogy, the operating system cor- 
responds roughly to management and the application software to the workers 
 
who actually produce the items made by the factory. Application software can be 
classed as mass-produced software or custom software. 
Mass-produced programs are designed for general use. They are written with 
a specific task in mind but also with a wide group of users in mind. Application 
 

 



software of this type includes word processors, spreadsheets database manage- 
ment systems, games, and graphics and multimedia applications. Some appli- 
cation packages allow the program to be customised for a particular user. The 
 
user is able to set personal preferences for the way in which the program works 
or to create a personal set of templates that are appropriate for their own use. 
This type of software, although very expensive to produce, is relatively cheap 
to purchase, since the cost of development is shared among the purchasers of 
the program. 
Custom software, on the other hand, is developed for a single customer. This 
type of software is specialised for the task the customer requires. In some 
applications, for example an airline’s booking system, this leads to a large team 
being employed over a long period of time. However, since the application has a 
specific purpose, the customer is forced to meet the total cost of development. 
 
Generations of programming languages 
The modern use of computers in so many diverse fields stems from their 
adaptability. Before computers were invented different jobs required different 
devices—many tasks could not be performed by a single device. What makes the 
computer unique is its ability to be programmed with a set of instructions which 
can be stored and then reused many times, often without human intervention. 
The same device can be used to carry out different tasks by changing its set of 
instructions or program. This program needs to be in a form, or language, that the 
device can use. However, people create computer programs, and as there is not a 
common language which is easily understandable by people and computers, an 
intermediate language, or programming language, is needed. 
The development of computer programming languages closely follows the 
development of computer hardware. As the capabilities of computers increased, 
so did the need for more sophisticated programming methods. 
 
Computer languages can be categorised in five generations. First- and second- 
generation languages are known as low-level languages and are processor- 
dependent; that is, they are used to develop programs which are specific to a 
 
particular type or series of processor. Third-generation and later languages are 
known as high-level languages and are processor-independent.They can resemble 
 
either natural languages such as English or symbolic languages such as mathe- 
matics. Languages of the third generation and later are used to develop programs 
 
in terms of the problem being solved rather than the hardware on which the 
solution is implemented. 
First-generation languages were, by necessity, those that could be directly 

 



‘understood’ by computers—they were in binary form. Early computers were 
programmed by using paper tape with holes punched to represent 0s and 1s or 
they had their instructions wired by means of plugboards, wires and switches. 
 
Both methods presented problems when a new program was required and a high 
level of skill was needed to create the programs. Since the instructions are in 
binary form, these languages are known as machine languages and are specific for 
the type of computer being programmed. 
Second-generation languages or symbolic assembly languages replaced the 
sequences of binary digits with mnemonic codes (or short code words) to 
represent instructions. Like machine languages, assembly languages are specific 
for the type of processor. However, they offer great advantages over machine 
code as the mnemonics are easier to remember and read. Their development 
meant that programming accuracy was improved, since the instructions could be 
coded using normal written characters. Furthermore, a program did not have to 
be rewritten if the physical location of a variable or instruction needed to be 
changed, as the memory locations used to store values are addressed by symbolic 
names instead of locations. The assembler provides suitable physical memory 
locations when the program is assembled into machine code for execution. 
Assembly languages were given names such as AUTOCODER or SAP (symbolic 
automatic programming). 
 
First generation 
 
Second generation 
 
Third generation 
 
Fourth generation 
Fifth generation 
 
Processor-dependent; 
uses processor 
instructions 
 
Processor- 
dependent; uses 
 
mnemonics to 
represent machine 
instructions 
 
Processor- 

 



dependent; uses 
 
artificial 
intelligence 
techniques 
 
Processor- 
independent; 
 
uses variables with 
sequences, branches 
and loops 
 
Processor- 
independent; uses 
 
form filling, computer- 
aided graphics and 
 
screen 
instructions 
 
Figure 2.18 The five generations of programming 
languages. 
 
Third-generation languages provided a 
great leap forward as they allowed 
programmers to write programs that were 
independent of the machine being used 
or the arrangement of registers and the 
instruction set of the processor. BASIC, 
COBOL, ALGOL and FORTRAN are 
the most widely known third-generation 
 
languages. These languages are distin- 
guished from later generations by their 
 
structure which consists of a sequence of 
 
steps, branches and loops. Unlike second- 
generation languages where one coded 
 
step became one machine instruction, 

 



third-generation instructions are usually 
compiled to several machine instructions. 
Fourth-generation languages are more 
 
difficult to separate from their third- 
generation ancestors as they may contain 
 
some of the same structures. However, in 
addition to these structures they employ 
 
other mechanisms such as screen inter- 
action, form filling and computer-aided 
 
graphics. Many fourth-generation languages depend on a database and its data 
dictionary, as well as extensions of the dictionary which contain logic and 
business rules. (This extended form of the data dictionary is often known as an 
encyclopedia.) Fourth-generation languages are concerned more with what needs 
to be done than with how it is going to be done, often accomplishing this by 
forming a software application which can be customised by a user with very little 
technical expertise. The most common of these languages are sophisticated 
spreadsheet packages such as Excel and Lotus 1-2-3, and database management 
systems such as FoxPro, Quattro Pro and Dbase. 
Fifth-generation languages allow the programmer to code complex knowledge 
which the computer can draw inferences from. The languages of this generation 
use the disciplines of knowledge-based systems, expert systems, inference engines 
 
and language processing originated in the field of artificial intelligence. Programs 
written in a fifth-generation language often appear to be highly intelligent or to 
 
possess an expertise much greater than that of most people. Japan’s fifth- 
generation project, ICOT, is an attempt to use artificial intelligence techniques 
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and language processing originated in the field of artificial intelligence. Programs 
written in a fifth-generation language often appear to be highly intelligent or to 
 
possess an expertise much greater than that of most people. Japan’s fifth- 
generation project, ICOT, is an attempt to use artificial intelligence techniques 
 
together with new hardware designs, such as massive parallel processing, to 
rapidly advance the power of computing technology. This project is important in 
the development of the fifth generation as there is a coordination of efforts in all 

 



research areas, so that new hardware development is made available to the 
software researchers and vice-versa. 
Event-driven versus sequential approach 
Different problems require different methods of solution. Some, such as a 
 
cooking recipe, can be solved by a chain of steps; others, such as a computer- 
controlled machine, need to react to different circumstances as they change. 
 
Programming languages can cater for either of these methods. Programming 
which uses the recipe formula is known as sequential programming, whereas 
programming which caters for reactions to different happenings is known as 
event-driven programming. 
Sequential programming 
Sequential programming is used to create a sequence of steps which, it is hoped, 
will solve the given problem.A majority of languages in the first, second and third 
generations support this model. There are several reasons for this, the major one 
being that the processors supporting these languages were designed to perform 
one operation at a time, so implementing the translation is a reasonably easy task. 
There is a wide range of problems suited to solution by sequential methods, 
most of which involve the processing of data collected from other sources. 
This imperative programming paradigm is easiest to implement on the Von 
Neumann computer. The basis of the Von Neumann computer is the separation 
of the processing components from memory. In contrast, the human brain 
operates in a manner which combines memory and processing. In the Von 
Neumann computer, the storage of instructions and data are in the same memory 
locations, and processes within the processor govern whether the value stored in 
a particular location refers to instructions or data. This architecture lends itself to 
imperative languages which employ variables to model memory locations and 
assignments which model the processes of the transfer of data from location to 
location. When iteration (the process of repetition of a number of steps) is added 
to the language structure, a versatile and powerful language is produced. 
Turn VCR on Insert tape in VCR Press play button Watch video 
Figure 2.19 Playing a tape on a VCR is an example of sequential programming. 
Event-driven programming 
Event-driven programming is well suited to ‘real time’ applications of computer 
technology, since this type of programming determines what will happen after a 
certain external event has been communicated to the system via an interface 
such as a sensor, mouse, joystick or touch screen. 
 
The main applications, at present, are in the realms of computer-controlled 
systems and games software, although many general applications can also be 
written using this programming method. The method parallels the way human 
beings think, in that we solve problems by reacting to events. For example, if a 

 



car driver senses that there is the chance of a collision with an object, the driver 
will take what actions are necessary to avoid the collision. The driver’s mind has 
been ‘programmed’, through experience, to deal with this particular event in a 
certain way. 
The most common of the event-driven programming languages available to 
general computer users are the ‘hyperscript’-type languages, one of which is 
 
Hypertalk, the scripting language for Hypercard which is available for the Mac- 
intosh range of computers. Hypertalk begins an event handler with a statement 
 
such as ‘on mouseUp’ (when the mouse button is released) or ‘on opencard’ 
(when a card in the stack is displayed on the screen); this corresponds to an event 
(something which is sensed by the computer). After this statement comes a series 
of steps which are executed. 
A sample Hypercard script will display the card called ‘TitleCard’ with a 
visual effect (in the case of Hypertalk an iris closing) when the mouse button is 
released. (The reason that the release of the mouse button is used rather than 
depressing the button is that it allows the user to change his or her mind and not 
invoke the steps that follow.) The event which triggers the sequence of steps in 
the program can be changed; for example, the event ‘on mouseDown’ would start 
the chain of events when the mouse button is depressed. 
on mouseUp 
visual effect iris close 
go card ’TitleCard’ 
end mouseUp 
Event-driven programming is of particular advantage when there are external 
devices attached to the computer, each device being able to trigger a subprogram. 
A word-processing program may be written that uses a keyboard for text entry 
and a mouse for various editing commands and cursor placement. Some of the 
events ‘captured’ by the program could be: 
keypress (depression of one of the keys on the keyboard) 
mouse position (the position of the mouse pointer on the screen) 
mouseclick (one click of the mouse button) 
mousehold (depression of the mouse button and holding it). 
Each of these events would then lead to the subprogram which handles what 
is to happen once the event occurs—including further event-driven programming. 
 
The need for translation 
Programs written in any of the higher-level languages (second-generation and 
above) cannot be directly understood by a processor. The instructions contained 
within the program have to be converted from the human-readable form in that 
higher-level language (called the source code) into a machine-readable form (the 
object code). Source code is usually created using a text editor which forms part 

 



of a program development system. However, a text file which has been created 
by other means, for example in a word processor, may also be translated. The 
process of translation from the source code to the object code is accomplished by 
using one of three translation methods: compilation, incremental compilation or 
interpretation. 
Compilation, using a compiler, involves translating the whole of the source 
 
code into object code and storing the object code to be executed later. Compila- 
tion is similar to the translation of a book from one language to another, in which 
 
the whole book is translated before being read. A program which has been com- 
piled will be executed quickly, since the computer can understand the instruc- 
tions directly. 
 
In interpretation the source code is translated to object code which is 
immediately executed. Interpretation can be likened to an interpreter who stands 
beside a foreign dignitary and translates the sentences into the known language 
as they are spoken. Interpreters produce code which is immediately executed and 
therefore has the advantage of being able to identify errors within a statement at the time of 
execution. A second advantage of the interpreter over the compiler 
is that the program can be tested for both syntax and run-time errors. A common 
use of interpreters was in the early personal computers such as the Commodore 
64 and Apple II, which had a BASIC interpreter in ROM.An interpreted program 
will be executed more slowly than compiled object code since the translation 
process has to be carried out each time a program is executed. This is most 
evident where there are a number of loops within the program. A compromise is 
to use an interpreter during the development stage of a program and compile the 
resulting source file when all errors have been identified and corrected. 
In incremental compilation, an interpreter is used to translate the high-level 
code. Sections of code which are used repeatedly are translated and stored for use 
by the interpreter when needed. Use of this method means that the interpreter 
does not have to repeat the translation process for these sections of code, thus 
speeding up execution of the program. 
The language translator is, itself, a computer program. Input for this program 
is the source code which consists of high-level language that has been entered as 
text. Output from the translation system is the executable object code. The 
language structure determines the processes used within the translator. 
Characteristics of different operating systems 
As we have seen, the operating system is responsible for communication between 
the user and the computer system. Two types of operating system are in common 
use: the command-based interface and the graphical user interface (GUI). 
The command-based, or command-line, interface relies on the use of text to 
communicate with the computer. The basis of the command-based interface is 

 



the use of special words or phrases to initiate an action by the computer. In a 
command-based interface, the display consists of a predetermined number of 
lines of text of a fixed length. (A common standard is to have 24 lines each of 80 
characters.) Text is stored in a part of main memory called a screen buffer. Each 
of the character positions on the screen is represented by one memory location 
in the screen buffer. The values in this screen buffer, usually conforming to the 
ASCII set of characters, are translated into displayable characters by a character 
generator. The command-based interface may use one or more lines on the screen 
to accept input text and may also use menus and keyboard combinations for 
frequently used operations. Text displayed in this way is very limited as there is 
little that can be done to a character by way of emphasis. Early computers used 
this kind of interface, as both processing power and mass storage were expensive. 
There are still peripheral devices, such as automatic teller machines (ATMs) with 
LED (light-emitting diode) displays, which can only display characters. 
The graphical user interface uses windows, icons, a mouse (or other pointing 
devices such as a trackpad) and pointers (thus it may also be referred to as a 
WIMP interface) to present information on the screen and make selections. The 
graphical user interface uses a greater amount of main memory as a screen buffer, 
as each of the memory locations represents one pixel (dot) on the screen. This 
type of user interface became prominent only when the cost of processors 
decreased and their processing speed increased. The graphical user interface uses 
the concept of having items on a desktop. Items are usually represented by icons 
and may be selected by using the mouse to point and click. Choices within the 
program may also be presented graphically by means of palettes and choice boxes 
as well as by menus. The GUI is also able to display documents in a form which 
closely resembles their final form. This form of display is known as WYSIWYG 
(what you see is what you get). 
 
Current trends in the development of software and operating 
systems 
The development of software closely parallels the developments in hardware. As 
processors become more powerful, these capabilities can be applied to software. 
Currently there are two main areas of interest for software developers—those 
focusing on the tasks performed by an individual and those focusing on tasks 
performed as a group. 
For the individual, the most exciting development is in the area of voice 
recognition. Many potential users are put off using computers as they find the 
keyboard intimidating. Development of voice recognition in both application 
software and operating system software is well under way and it should not be 
too long before we see systems which, once trained, will perform most tasks with 
little or no keyboard input. Further development in multimedia will also see the 
computer and entertainment systems become integrated, with the television 
becoming not just a passive device presenting to the viewer but an interactive 

 



device able to perform many tasks now done by a computer. 
Collaborative working (i.e. a group of people working on a single task) also 
presents an exciting future. The problems involved with collaborative working on 
 
a single file are being addressed. Teleconferencing by computer is also well devel- 
oped and further development will see it integrated into group work on a file. 
 
The relationship between hardware 
and software 
 
Software provides the instructions for the hardware to follow. Program instruc- 
tions need to be performed in the designed order if the computer is to achieve 
 
the desired results. The control part of the processor ensures that the instructions 
are followed in the correct order. It is helped in this task by a special register, 
often known as a program counter, which stores the memory location of the next 
instruction to be followed. As each instruction is performed, the processor passes 
through what is known as the fetch–execute cycle. 
Processing of software instructions by hardware: the 
‘fetch–execute’ cycle 
To process data, the CPU performs a cycle of events on a single instruction. This 
cycle is called the fetch–execute cycle, or machine cycle. The fetch–execute 
cycle, as the name suggests, has two parts: the fetch cycle (or instruction cycle) 
and the execution cycle. The fetch cycle involves the control unit getting the 
 
Fetch 
(Get instruction) 
 
Decode 
(Work out what 
to do) 
 
Execute 
(Carry out instruction) 
Store 
(Copy result to 
memory) 
 
Figure 2.21 The fetch–execute cycle. 
 
instruction (fetch) and working out what to 
do (decode). The execution cycle involves 
the ALU carrying out the instruction 

 



(execute) and the control unit sending the 
results to storage (store) (see Figure 2.21). 
The fetch–execute cycle can be divided 
into nine steps: 
• fetching the instruction from primary 
storage 
 
• decoding the instruction into an opera- 
tion code and data addresses 
 
• copying the operation code into the 
instruction register 
• copying the addresses of the data into 
the address register 
• using the address register to copy the 
data into the storage register 
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• sending the operation code and data to the ALU 
• executing the instruction on the data 
• sending the result to the accumulator, ready for the next instruction 
• storing the results in primary storage. 
A system clock regulates the speed of the tasks in the fetch–execute cycle by 
sending out electrical pulses at a certain rate. The number of electrical pulses per 
 
second is the speed of the CPU and is called its clock speed. New personal com- 
puters have clock speeds between 300 and 500 MHz (megahertz). A speed of 
 
500 megahertz means the clock is generating 500 million electrical pulses per 
second. 
The initiation and running of an application 
We can see the fetch–execute cycle in operation if we look at the events that 
occur when we choose to run an application. As soon as the computer is turned 
on, the fetch–execute cycle begins. The instructions which load and run the 
operating system come from hardware (ROM) and from a secondary storage 
device such as a hard disk. The ROM contains the program that loads the 
operating system. This program loads the operating system program into main 
memory and then executes the operating system. 
Once the operating system has been loaded, the computer is ready for use. 
While waiting for the user to choose an application to run, the operating system 
continually monitors the input devices for actions. When the user has chosen the 
application to run, the operating system locates the start of the application on the 
external storage device and begins to load it into main memory. The operating 

 



 
system continues with loading the program into main memory, finding the ap- 
propriate sections of the program on the disk as they are needed. When the 
 
program has been loaded into main memory, control is passed from the operating 
system to the now-loaded application. The application usually has to set up 
memory locations for its own use and perform other initialisation activities so 
 
that it can run effectively. While this set of steps is being performed, the appli- 
cation will usually display a startup screen to indicate that it is working. Once the 
 
startup activities have finished, the program will display a start screen giving the 
user options to commence work using the application. Finally, the program will 
again cycle through various input devices, looking for an instruction from the user 
to perform a task. 
The existence of minimum hardware requirements to run some 
software 
Application programs are developed to perform a specific task or group of tasks. 
The complexity of a program or the task it is designed to perform means that 
there will often be a minimum set of hardware requirements that need to be met 
before the application can run successfully. 
Many factors might contribute towards running an application, including: 
• files requiring a large amount of main memory for their manipulation, for 
example graphics or sound files 
• applications where the speed of processing is critical, for example in the 
production of full-motion video 
• particular requirements of peripherals, for example the need of a sensor for a 
certain type of interface with the computer 
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• processors which can interpret a particular set of instructions, for example 
when special machine code instructions have been written to perform a 
specialised task 
• external storage devices with a particular capacity to store intermediate results 
or parts of the program 
• particular types of input or output devices, such as touch screens or network 
interface cards. 
 
Elements of a computer system 

 



A computer system can be viewed as containing five elements all working 
together to achieve a purpose. These five elements are hardware, software, data, 
procedures and personnel. When designing a software solution to a problem, all 
of these elements must be kept in mind, as no one of them is any more or less 
important than the others. 
• Hardware consists of the physical devices needed to perform the required job. 
These devices perform the tasks of input, output, process, control and storage. 
• Software consists of the steps, coded in a way that can be interpreted by a 
computer, required to perform the task. These instructions may be given to 
the computer in a machine-understandable form, such as a word-processing 
program, or in a human-understandable form, such as a program written in a 
language such as Visual Basic or Pascal. 
• Data is the raw facts that are manipulated by the computer system in order to 
present us with information. 
• Procedures are tasks that are performed by, and rules put in place for, the 
users of the computer system. These procedures are put in place to ensure 
that the people using the system perform the correct tasks at the appropriate 
times with the required data. 
• Personnel are all the people involved with the computer system, not just the 
direct users of the computer hardware. These people include: 
– direct users—people who use the hardware 
– indirect users—people who are affected by the system 
– computer operators—people who look after the computer resources in a 
large computer system such as a mainframe computer 
– data entry operators—people who enter data into the terminals 
– information systems managers—people who plan and oversee the 
computing resources within an organisation 
– maintainers—people who support the computer system by providing 
technical help in installation, maintenance and repair of computer 
equipment (computer technicians), assistance to users (technical support 
staff), training to users in how the system operates (training specialists) and 
advice on how problems can be solved (computer consultants) 
– developers—people concerned with the design and development of the 
system, such as systems analysts, computer programmers and hardware 
Engineers. 
 
Developing software 
When software is being developed to solve a problem, each of these system 
elements has its part to play. Hardware needs to be obtained that will perform 
the tasks required. The necessary software is either bought off the shelf or 
developed. Data entering and leaving the computer system is examined to work 
out the processing and storage needed within the system. Procedures are 
designed to ensure that the correct data is entered and the appropriate output is 

 



obtained from the system. Personnel are involved in all phases of the 
development of the new system. 
Managers and users are observed and questioned to find how the system 
works and what improvements are wanted. Developers create the new system, 
with programmers writing or modifying any computer code required.Technicians 
and trainers are employed to install the new hardware and train users in the 
operation of the system. 
 
Hardware consists of input, process, control, storage and output. 
• Input involves entering data into the computer for processing. 
• Processing consists of the steps required to change input into the required 
output. 
• Control involves the coordination of the processes involved in input, 
processing and output. 
• Storage is the holding of data over a period of time so that it can be used 
when required. 
• Output consists of the presentation of processed data to a person or 
another computer. 
• Peripherals are devices other than the central processing unit (CPU). 
• Input devices consist of items such as keyboards, mice, trackballs, 
trackpads, light pens, touch screens, digitising tablets, character readers, 
scanners, cameras and microphones. 
• Output devices include visual display devices, hard copy devices, speakers 
and devices that output to another computer. 
• Process and control are performed by the CPU. 
• The CPU consists of the control unit, the arithmetic logic unit (ALU) and 
registers. 
• The control unit coordinates the processes of input, processing and output. 
• The ALU performs the tasks given to it by the instructions. 
• Registers are memory locations inside the CPU that are used to store data 
and instructions that are needed for processing. 
• Storage can be classed as primary storage and secondary storage. 
• Primary storage is directly accessible by the CPU and is usually in the form 
of ROM and RAM. 
• Secondary storage is more permanent than RAM and it stores data away 
from the main board. 
• Examples of secondary storage devices are magnetic tape, floppy disks, 
hard disks and CD-ROMs. 
• Trends in hardware are focused on increasing power by using faster 
processors with greater primary storage. 
• Software is classified as system software or application software. 
• System software consists of the operating system and utilities. 
• The operating system allows the computer to communicate with the 

 



outside world. 
 
Utilities allow the user to perform common tasks such as copying files and 
formatting disks. 
• Application software performs specific tasks such as word processing. 
• Mass-produced application software titles are designed for general use. 
• Custom software is designed for a particular user. 
• Programming languages can be categorised by their generation. 
• First-generation languages are machine codes directly understandable by 
the processor. 
• Second-generation languages are assembly languages, where each 
mnemonic code is translated into one machine instruction. 
• Third-generation languages are independent of the processor used and use 
steps, branches and loops of instructions. 
 
• Fourth-generation languages contain some of the same structures as third- 
generation languages but use form filling, screen interaction and 
 
computer-aided graphics as well. 
• Fifth-generation languages employ artificial intelligence techniques to 
code complex knowledge from which the computer can draw inferences. 
• Sequential programming uses instructions arranged as a set of steps that 
can be followed. 
• Event-driven programming uses input from an external device to 
determine how the system will react. 
• High-level languages need to be translated so the processor can 
understand the instructions. 
• The three methods of translation are compilation, interpretation and 
incremental compilation. 
• Compilation is the process in which all the source code is translated into 
object code for later execution. 
• Interpretation involves the source code being translated and executed line 
by line. 
• Incremental compilation uses an interpreter, but frequently used sections 
of code are compiled and used whenever needed. 
• Operating systems can be classed as either command-based or a graphical 
user interface. 
 
• The command-based interface uses commands in the form of text to com- 
municate with the computer system. 
 
• The graphical user interface uses windows, icons, mice and pointers to 
make selections and use the system. 

 



 
Software development trends are focusing on tasks performed by the 
 
individual and tasks performed by groups.. 
• Software instructions are performed by the fetch–execute cycle. 
• The main steps in the fetch–execute cycle are fetch the instruction, decode 
it, execute it and store the result. 
• When an application is run, the operating system locates the application on 
disk, loads it into RAM, displays a start screen and then waits for user 
input. 
• Many applications need a minimum hardware setup in order to run. 
• The elements of a computer system can be classified as hardware, software, 
data, procedures and personnel. 
• Hardware is the set of physical devices needed. 
• Software provides the computer instructions. 
• Data is the raw facts needed by the computer for the task. 
• Procedures are tasks performed by the users of the system. 
• Personnel are all the people involved with, or affected by, the system. 
 
 
SOFTWARE SOLUTIONS 
 
prototyping approach 
 
rapid application development (RAD) 
End-user development 
 
Structured approach 
Tried and tested design method.  
Five stages  AKA software lifecycle.  
 
Defining the problem 

- Determining exactly what is wanted from the software.  
- Examination of the needs of the user. 
- Nature of the business as well as the problems faced with the current system 
- Requirements of the new system. 
- What must be done, not how 

- Clear and sufficiently detailed to allow the final solution to be measured against 
them.  

- Covering all the existing needs as well as any new ones. 
 
 
 

 



Planning the solution 
- Identify the needs of the user.  
- Examines the inputs and outputs of the present system 
- Processes and procedures of the existing system 
- Interviews, questionnaires and observation are used to gather information about the 

functioning of the current system.  
 
Building the solution 

- Specifications to the design team  
- Areas of design and programming.  
- Design staff also use the specifications to create a set of test data that can be used later 

to test the program and its parts. 
- Breaking the required processes down into smaller parts, known as modules. 

- Those responsible for the design of the processing steps have a small, 
understandable process to work on.  

- Modularisation also allows for these modules to be saved and reused in other, 
similar applications.  

- Smaller units can be tested and modified without affecting other sections 
 

- Each of the modules is then turned into a set of steps, known as an algorithm. 
- Algorithm is passed on to the programmer for coding into an appropriate 

computer language. 
 
Checking the solution 

- Modules can be checked using the test data 
- Carried out both before the module is coded into a programming language and after it 

has been coded.  
- Designed to detect errors 
- Checking the algorithm design makes sure that processes chosen will properly perform 

the required task.  
- Task of finding errors in the later stages much easier. 

- Coded version of the module is tested with the test data 
- Looking for errors that might occur when the module is run on the computer.  

- Manually first (called desk checking) and to test the module when it is 
being used on a computer (called run-time checking).  

- Errors in a module will lead to modifications that will overcome the 
problems. 

Once this stage of the cycle is complete, the application is ready for use by the 
Customer. 
 
 
 
 

 



Modifying the solution 
- Continual evaluation by users takes place to determine whether it meets the 

requirements.  
- Users identify any changes that may be needed to the system.  

 
Overview to Structured Approach 

- Stages tend to overlap 
- At any stage development can be backtracked to an earlier stage of the process.  

- Occurs when problems are found with the output of a previous stage.  
- For example, during the design stage a problem may be found with the 

analysis.  
- Teams of people to be involved.  
- Steps are distinct, each of them may be performed by a different specialist individual or 

group.  
- Clear and concise documentation is provided at each stage of the process. 

 
Usefulness of the structured approach 

- Time-consuming process 
- Expensive one.  
- Stages cannot be undertaken until the previous one is completed 
- Large and/or complex applications it provides a structure within which efficient 

development can take place.  
- Important when a team of developers is employed, as each member needs to have a 

clear understanding of where the process is up to. 
 
Prototyping approach  

- Working model that is usually used to gain information about how the elements of the 
system work together.  

- Throwaway prototypes to test new design features which are incorporated in the final 
product.  

- Software dev tools that can produce a prototype that can be refined into a fully working 
solution.  

- AKA evolutionary prototype  
- Application evolves from a cycle of use, evaluation and modification. 

- Information-gathering tool 
- Often at the beginning of the structured approach to software development, 

described earlier. 
- Unclear about exactly what is required from the application 

- Initial set of specifications that are quickly implemented by the 
programming team.  

- Concentrate on inputs and outputs. Little regard is paid to error checking,  
- Incorporates the user’s suggestions into the revised prototype. 

 



- When the user is satisfied this information is incorporated into the 
requirements of the new system and the structured approach is 
continued.  

- Throw Away Prototype as it is discarded when the requirements phase of 
development is finished. 

 
- If the prototyping process is used without care, a working system may be constructed 

which does not provide all the information needed. 
- Not suitable for complex processes or those that involve a large amount of mathematical 

manipulation.  
- Often run more slowly than is needed for the final application 
- Good for multimedia applications and online enquiry systems. 

- Prototype user interfaces in order to gauge the users’ reactions to the proposed 
design. 

- Not suitable for large-scale projects, as detailed feedback from the user is important to 
the success of the project.  

- Generally produce a software application in a shorter time and at a reduced cost to the 
client.  

- Less formal than the structured approach. 
- It should still undergo the stages of defining the problem, building and checking 

 
Rapid application development (RAD) 

- Faster application development.  
 
Different approaches may be used in RAD: 

- CASE (computer-aided software engineering), the reuse of code and the use of 
templates.  

- Software tools used would include development environments: 
- Visual Basic, Hypercard, Hyperstudio, Access, Filemaker Pro and REAL Basic. 

- Lack of formal stages. 
- More suited to the development of smaller, low-cost projects 

-  Development teams are small, often consisting of one programmer. 
- User is often directly involved with the programmer.  

 
End-user development 

- Users can create software solutions to their specific problems quickly and cheaply. 
- No formal stages in this type of development 
- Small-scale projects initiated for the sole use of the person doing the customising. It is 

not unusual for these projects to be used for a long time, as the 
end user has created a tool that reflects his or her own ways of working. As the 
user finds further tasks for the system to perform, it can be modified to meet 
these new needs. 
Because there is little or no involvement of outside personnel, the end-user 

 



application can be produced at a fraction of the cost of a custom-built software 
package. A further advantage of end-user development is the familiarity the user 
has with the package, thus removing the need for further training in its use. 
The off-the-shelf application packages that end-user development uses 
generally consist of a fourth-generation language such as a database management 
system or spreadsheet application.These tools supply a number of features which 
simplify the interface with the computer and the language required. Within these 
applications will be found tools such as a report generator, a query language and 
a screen design. 
 
Four of the more common approaches to software development are the 
 
structured approach, prototyping, rapid application development and end- 
user development. 
 
• The structured approach consists of five steps: defining the problem, 
planning the solution, building the solution, checking the solution and 
modifying the solution. 
• The structured approach is used for large-scale projects with a long 
development time and a large budget. 
• The structured approach is used when a team is working on the project, as 
the structure gives direction for each of the members of the team. 
• The personnel involved in the structured approach are analysts, designers, 
programmers, users and management. 
• Prototyping is the creation of a working model of the software solution. 
• The prototype is used as a tool to gain information, after which it thrown 
away, or it is progressively refined into a working solution. 
• The throwaway prototype is used when the users of a system are unclear 
as to their requirements. 
• The evolutionary prototype is created and utilised, with user evaluation 
being used to further refine the prototype until it performs the required 
tasks effectively. 
• Prototypes are used for small-scale projects with small budgets and short 
development times. The process of prototyping is also less formal than the 
structured approach. 
• The process of evolutionary prototyping usually involves a small number 
of people. The personnel involved include programmers and the users. 
• Rapid application development (RAD) is a broad approach to software 
 
development. CASE tools are often used, as are development environ- 
ments such as Visual Basic. 
 
• RAD is identified by the lack of formal stages, and is used in small, low- 

 



cost projects with small development teams involved. 
 
• End-user development is characterised by the use of readily available soft- 
ware packages to develop a small-scale project. 
 
• The end user is often the only person involved with developing the system. 
 
 
Data Types 
 
Bytes are the smallest addressable type of memory 
Bits make up bytes 
 
Characters 
ASCII = table which allocates letters to numbers up to 256 

- Only englishy letters 
 
Unicode = lots of different character sets (more space than ASCII) 
 
Integers 
 
 
 
 

 


