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Introduction






The aim of this book is to help you enjoy developing your skills and understanding as you experience the computing science and digital literacy concepts contained in the technologies area of Curriculum for Excellence. This book will not only help you excel at applying your computing science knowledge, but will also assist in your progress in literacy, numeracy, career education and health and wellbeing outcomes.
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How to use this book


This book is best used as part of a series of lessons on each topic led by your teacher, who may use the Teacher’s Guide and resources available on the Hodder Gibson website to support them.


The book is divided into chapters. Each chapter has one topic and contains many sub-topics. The topics can be completed in any order as decided by your teacher, apart from Chapters 3–5, where the coding skills required in later chapters build on those skills learnt earlier.


Each sub-topic begins with an explanation of any new or key concepts. The ‘Work it out’ section contains questions to which you can write your answers in a jotter or type out the answers on a device. These answers should be found within the earlier explanation in the chapter. It is always best to answer in sentences so that the statements in your answers make sense when you revise them for any assessments. The ‘Activities’ section contains tasks where you apply your skills using software on a device.


If there are any computing science terms that are unfamiliar, you will find a definition in the Glossary at the end of the book.















1.1 Binary
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Learning intentions




	
•  Understand that computers store data using 0s and 1s.


	
•  Understand how real-world information is changed into 0s and 1s.
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Did you know?


Digit is another word for finger.


[image: ]










Number systems


Humans count using a number system with ten digits (0–9). This is probably because we have ten fingers. The number system with ten digits is called denary. However, computers store information using only two digits. This number system is called binary.


Here are some of the reasons that computers use only two digits:




	
•  Two possibilities can be easily stored.


	
•  Two possibilities are less likely to experience errors when being sent to other devices.


	
•  There are fewer rules for calculations when there are only two digits.







Place values


In the numbers you are used to (denary), the place values start with one at the right, and multiply by ten each time. So, 25 314 is:
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In binary, the place values start with one at the right, and multiply by two each time. So, the binary number 10110011 would be written as:
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You can work out what a binary number is in denary by adding up the place values wherever there is a ‘1’ for that place value. The example above would be 128+32+16+2+1, which equals 179. So, 10110011 in binary is 179 in denary.






[image: ]


Did you know?


A binary digit, that is, a 0 or a 1, is known as a bit: it’s made up from the words ‘binary’ and ‘digit’ squashed together!


[image: ]
















Storing text


Any key you press on the keyboard has a unique code made up of 0s and 1s. One common method of storing text as 0s and 1s is called extended ASCII. Extended ASCII uses eight binary digits for each character. One letter, number or punctuation symbol is called a character.








Storing images





Vector storage


Images that have been created on the computer can be stored as text using extended ASCII. The text will contain the names of objects and each object’s attributes. For example, the object might be a rectangle and might have attributes such as how many pixels wide it is, how high it is, the coordinates on the screen where it begins, the fill colour and the line colour. Here is an example in a language called SVG:
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Bitmap storage


Captured images, such as photos, have to be stored using bitmap storage. Each possible colour has been assigned a unique code, a combination of 1s and 0s, in the same way as extended ASCII gives each character a unique code. Bitmap storage involves storing the colour codes for each pixel, in order, like a ‘map’ of the image or screen. The resolution is the number of pixels in the screen/image, usually given as width x height, for example 1024x768. A higher resolution means higher quality, but also a bigger file size. Bitmap images are often compressed to reduce file size so that they take up less space on backing storage and take less time to transfer across a network.
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Did you know?


A pixel is a square that makes up an image. The word ‘pixel’ is short for picture element.
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Work it out




	  1  How many digits are there in denary?


	  2  What is the name for the number system that uses only two digits?


	  3  Give two reasons that computers use 0s and 1s to represent data.


	  4  Convert 00001011 from binary into denary.


	  5  Convert 10010101 from binary into denary.


	  6  Convert 11000011 from binary into denary.


	  7  Convert 01111100 from binary into denary.


	  8  Convert 10101000 from binary into denary.


	  9  What is extended ASCII used for?


	
10  What is a character?


	
11  What is the name given to the tiny squares that make up images on the computer?


	
12  Which method of storage stores objects and their attributes?


	
13  How are bitmap images stored?


	
14  What is the term for the number of pixels in an image?


	
15  Why are bitmap images often compressed?
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Activities


Do some research on the World Wide Web to find the following. Make a note of the websites you use.




	
1  A binary game, so you can practise converting binary to denary.


	
2  An extended ASCII table. Write out the binary codes for the word ‘Computing’.


	
3  An SVG tutorial. See if you can find out how to make:



	
a)  a red rectangle


	
b)  a yellow ellipse


	
c)  a pink line


	
d)  a combination of shapes that make a cool logo.
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1.2 CPU and main memory





Main memory


There are two kinds of main memory in a computer system: ROM and RAM.
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Learning intention




	
•  Understand how the CPU and main memory each contribute to the operation of a computer system.
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ROM


ROM stands for Read Only Memory. This is because the contents of ROM cannot easily be erased or changed. ROM keeps the data stored there even if the computer is switched off. ROM is used to store the instructions that tell the computer how to start up the operating system when it is switched on. The operating system is the collection of key important programs that allow the computer to function. Using the instructions in the ROM, the operating system is loaded into the RAM when the computer starts up.







RAM


A computer program is a list of instructions. This is true whether the program is a part of the operating system, a game, a browser or anything else. Programs that are currently running and files/data that they are using are stored in RAM while they are open. If the computer has to open more programs than there is room for in the RAM, it will run more slowly because it uses backing storage to hold them. This is called virtual memory.


RAM stands for Random Access Memory. The contents of RAM can easily be erased – and this is a good thing – it’s what allows us to run different programs on the same computer. RAM loses the data stored there if the computer is switched off, which is why if there is a power cut then you lose your unsaved work!
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Figure 1.1 RAM being inserted into a computer’s motherboard
















The CPU


CPU stands for Central Processing Unit and is often called the processor. The CPU ensures that the instructions of the running programs are carried out. To do this, it has to be able to get the instructions from RAM (or occasionally ROM) and send data to RAM to be stored there. The collections of lines that carry data between the CPU and main memory are called buses.
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Figure 1.2 A CPU being installed on a computer’s motherboard
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The steps to process instructions


These steps are repeated until the program stops running.




	
1  Send the address of the next instruction to main memory.


	
2  Receive the instruction from main memory.


	
3  Work out what the instruction involves and carry out the instruction.


	
4  Work out the address of the next instruction.
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Figure 1.3 A representation of communication between CPU and main memory








Each CPU will have a number of cores and each core can work on a different task at the same time. The CPU will also have a clock speed, usually measured in gigahertz (GHz). The higher the clock speed, the more operations the system can process every second.


Each CPU core has three main parts:




	
•  Arithmetic Logic Unit (ALU): performs all calculations and logical decisions.


	
•  Control unit (CU): works out what the system needs to do to follow the next instruction and sends signals to other parts of the system.


	
•  Registers: small, fast, temporary data storage inside the CPU core.
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Activities




	
•  Recreate the CPU diagram in Figure 1.3 on a computer using suitable software.


	
•  Do some research on the World Wide Web and try to find two computers for sale that have at least four cores (quad core) and at least 8 GB RAM. Compare them on price and processor speed and justify which one you would recommend that someone buy.





[image: ]












[image: ]


Work it out




	
1  What is the operating system?







	
2  a)  Which type of main memory is used to store the instructions on how to load the operating system when the computer starts up?


	    b)  Why is this a good place to store those instructions?







	  3  What is a computer program?


	  4  What is RAM used to store?


	  5  What happens if you open more programs than there is room for in RAM?


	  6  Which type of main memory needs power to be able to store data?


	  7  What are buses?


	  8  What are the four steps to process instructions in a computer system?


	  9  Why is it good that a CPU will have more than one core?


	
10  What unit is clock speed measured in?


	
11  Why is a high clock speed good?


	
12  The end of a computer game has to compare two scores to determine if either player won. This is a logical decision. Which part of the CPU core will make this logical decision?


	
13  What are registers?


	
14  Which part of the CPU core works out what the system needs to do to follow the next instruction?
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1.3 Backing storage devices





Backing storage


Backing storage is used to store files for later use or to take them to another computer system. Unlike RAM, backing storage does not need power to store data. Usually, backing storage consists of a medium (like a DVD) inserted into a drive or device (like a DVD drive). There are three main classifications of backing storage.
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Learning intention




	
•  Understand how different backing storage devices keep data stored until it is needed.
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Optical media


Optical media include CDs, DVDs and Blu-ray discs. The data on the disc is read by a laser; a strong reflection back from the surface is taken as a 1, while a weaker reflection back from the surface is taken as a 0. The main advantages of optical media over other forms of storage are that the discs are easy to carry around, cheap to manufacture in high numbers, but still hold a lot of data. However, while the discs and cases are recyclable, recycling is not yet common when disposing of them.




	
•  CD-ROM, DVD-ROM and BD-ROM (Read Only Memory) discs can be read when placed in the correct drive, but the data cannot be erased or changed. This is common for the release of movies, software and games.


	
•  CD-R, DVD-R and BD-R (Recordable) discs are bought blank and can have data put on them once only. After that, the discs can be read when placed in the correct drive, but the data cannot be erased or changed.


	
•  CD-RW and DVD-RW (Re-Writable) can have data added, edited and erased a number of times (around 1000), as can BD-RE (Recordable Erasable).


	
•  Blu-ray Discs hold more data than DVDs and DVDs hold more than CDs.










Magnetic storage


The most common storage device in computer systems of the size of a laptop or larger is the hard disk drive. It has a large storage capacity and stores 1s and 0s by giving small areas on the surface of the disk either a positive or negative magnetic charge. Usually, this device is fully contained inside the computer, but you can get external hard drives that are portable. The data on the hard disk can be deleted, edited, read or added to many times with no issues. However, the hard disk does have some moving parts, so data access time is a little slower than solid-state storage. If the hard disk is dropped, this is likely to cause damage and might stop it from working.
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Figure 1.4 A hard disk drive uses magnetic storage








One other type of magnetic storage is magnetic tape. It is most often used for backups of data in large companies. Unlike the other methods of storage, the data is stored in order, so in the event the backup is needed, the tape can be wound to the point where the data loss occurred. Data is then restored from that point onwards.


Floppy disks were also magnetic storage but, today, you are likely only to see them as the ‘Save’ icon on many computer programs!







Flash storage


Flash storage is used in USB flash drives, memory cards and solid-state drives.


A solid-state drive is an alternative to a hard disk drive in that it may be the main internal storage for a computer system. Portable solid-state drives can also be purchased. The lack of moving parts in a solid-state drive means it has faster access times than a hard disk and can more easily withstand being bumped or bashed. Solid-state drives are eventually worn out if the data on the drive is written over many times, but this would usually take hundreds of years.
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Cloud storage


Cloud storage is when files are sent over the internet to be stored by a company. The files should then be available to anyone with the correct login details and access to the internet – from anywhere! The files will be stored on a server, probably on a hard disk drive. A server is a computer system connected to a network that provides a service to other devices on the network.
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Work it out




	  1  Give two reasons why you might want to use backing storage.


	  2  How is data read from optical storage media?


	  3  Christie has bought a new game for a popular games console. Suggest a storage medium that this game may be on.


	  4  Irfan needs blank discs that can have a lot of data stored on them. Irfan wants to be able to erase and replace the data as needed. Suggest a suitable storage medium for Irfan to use.


	  5  Explain how magnetic storage devices, such as a hard drive, store data.


	  6  Suggest a suitable magnetic storage device to act as a backup for a company’s data.


	  7  Suggest a suitable flash storage medium that can be used to take files from one device to another.


	  8  Give two reasons why having no moving parts is an advantage of solid-state drives.


	  9  What is a server?


	
10  What do you need to have to access your files on cloud storage?


	
11  You have started typing an essay on a school computer. You want to have access to the essay at home to finish it off. Explain two ways you could ensure that you can do this.
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Activities


Do some research and create a presentation about devices — it should contain three different storage devices. This will be extended to include some input and output devices in a future lesson.
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1.4 Input and output devices



When a user provides new information for the computer system to use, this is called input. When a computer system communicates information to a user, this is called output. Different devices can be used for either or both of these, depending on the particular computer system and the needs of the user.
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Sensors


A lot of computer systems have been created to automatically receive input from various sensors.




	
•  A microwave or washing machine might have a sensor on the door to ensure it is closed.


	
•  Mobile phones have a sensor called an accelerometer to measure when they are tilted.


	
•  Heating systems may accept input from a temperature sensor.


	
•  Modern cars are full of sensors including to check fuel levels, if the car is at risk of skidding or if someone is seated without their seatbelt fastened.
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Learning intentions




	
•  Understand how different input devices are used to enter data into a computer system.







	
•  Understand how different output devices are used to provide data to a computer user.
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Work it out




	  1  What is an input device?


	  2  What is an output device?


	  3  Suggest an item in your home that might have a sensor and explain why.


	  4  Suggest a reason that a sensor might be used in a car.


	  5  How can you save energy by changing how you use your monitor?


	  6  Which type of printer uses toner?


	  7  Which type of printer is usually cheaper to buy?


	  8  What is a trackpad?


	  9  How does a game controller provide output?


	
10  Which input device allows freehand drawing to be entered directly into the computer?


	
11  Which output device works by moving a pen across paper?


	
12  Which input device is needed to translate eye movements into instructions for the computer?


	
13  State two output devices that are especially useful to the visually impaired.


	
14  How is a foot mouse used?


	
15  How can a puff-suck switch be used to type an essay?
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Activities




	
1  Extend your presentation from Lesson 1.3 about devices by adding information on at least three input devices and three output devices.


	
2  Do some research on the World Wide Web and try to add at least one input device, one output device and one storage device not mentioned in this lesson or the previous lesson. Remember to record your sources.


	
3  Do some research on the World Wide Web and create a short project on a system that responds automatically to sensors. Remember to record your sources.
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1.5 Networks





Types of network


Two or more devices connected together form a network. Each device on a network will have a unique code called an ‘address’ to identify that device. A network in one building or site is called a Local Area Network (LAN). A network between different sites is a Wide Area Network (WAN).


Networks allow data sharing between devices, which has many benefits including central storage of files, sharing devices (such as printers), gaming with friends, email and collaboration on projects.
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Learning intentions




	
•  Understand the basics of how networks allow data to be shared between devices.


	
•  Understand the different network connections available.
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LAN connections


The connections between the devices are sometimes called ‘transmission media’.




Wi-Fi


The most common connection between devices in homes and businesses is Wi-Fi. Wi-Fi is a wireless method of communication that uses radio waves. Wireless connections have slower data transmission speeds than connections that use wires. Wi-Fi would be expected to work over a distance of around 45 metres, but the signal can be blocked or affected by obstacles made of metal, concrete, brick, thick wood or even your body. Wi-Fi is also affected by interference from other nearby wireless networks or devices such as walkie talkies, Bluetooth® headsets or fluorescent light bulbs.
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Figure 1.5 Wireless broadband router and modem













Bluetooth


Bluetooth connections are also wireless and there are a number of different versions of Bluetooth, with the latest having an indoor range of around 40 metres. The same factors that affect a Wi-Fi signal could also affect a Bluetooth signal, as both technologies use similar frequencies.







Ethernet cable


Wired connections have faster data transmission than wireless connections. Many rooms built with computer networks in mind have these cables running throughout, usually where people wouldn’t see or notice them. However, Ethernet cables tend to be impractical to use in the home as you would have a long wire trailing through your house that looks untidy and could lead to people tripping.
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Powerline adaptors


Powerline adaptors attempt to provide the connection speeds of a wired connection without the need to run additional cables by using the electrical circuits that are already there.
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WAN connections


Wide area networks have to use connections owned by telecommunications companies such as telephone lines, optical fibre or the radio waves of a mobile phone network.
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Sending data across a network


Data to be sent from one device to another is broken down into chunks of equal size called packets. Each packet will have a header added to it. A header contains extra information including what address the packet is for and what number in the sequence the packet is (e.g. packet number 7 of 9 packets). The receiving device can use the information in the header to collect packets intended for them and reassemble them in the correct order so that the data is received correctly by the device.
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Figure 1.6 A graphical map of the internet; each line represents a connection between devices










The internet


The internet is the largest network, stretching across the world. It consists of all the connected devices, networks and the connections between them. The most common uses of the internet are streaming videos and hosting and accessing the World Wide Web. The World Wide Web is all the websites, web pages and files linked together by hyperlinks and made available publicly on the internet. A browser is a program used on a device to view and interact with web pages.






[image: ]


Work it out




	  1  What is a network?


	  2  What is a Local Area Network?


	  3  What is a Wide Area Network?


	  4  Why does each device on a network have an address?


	  5  Name three substances that can block or affect a wireless signal.


	  6  Which wireless connection usually has a longer range?


	  7  Give one reason why Ethernet cable might be preferred to a wireless connection.


	  8  Give one reason why people prefer a wireless network at home to using cable.


	  9  State two connections used for Wide Area Networks.


	
10  What do you call a chunk of data being sent across a network?


	
11  State two pieces of information contained within the header.


	
12  What does the internet consist of?


	
13  What is the World Wide Web?


	
14  What is a browser?
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Activities




	
1  Prepare a presentation comparing the advantages and disadvantages of the different transmission media used to carry data across networks: Wi-Fi, Bluetooth, Ethernet and powerline. Remember to make a note of your sources.


	
2  Research Tim Berners-Lee and record the key facts about how the World Wide Web was developed. Remember to make a note of your sources.


	
3  Use the World Wide Web to find out the answers to these questions.



	
a)  Sir Tim Berners-Lee created the first ever browser. Who created Line Mode Browser, the second ever browser?


	
b)  What is a Network Interface Card?


	
c)  What is file compression?


	
d)  Who are the two people credited with being the inventors of the internet?











[image: ]




















OEBPS/nav.xhtml




Contents





		Cover



		Title Page



		Copyright



		Contents



		Introduction



		1 Computer systems



		1.1 Binary



		1.2 CPU and main memory



		1.3 Backing storage devices



		1.4 Input and output devices



		1.5 Networks









		2 Staying safe online



		2.1 Personal data and privacy



		2.2 The Internet of Things



		2.3 Hacking and DOS attacks



		2.4 Malware and phishing



		2.5 Protecting computer systems



		2.6 Real-world examples of cybercrime



		2.7 Searching the Web









		3 Game creation



		3.1 Introduction to Scratch



		3.2 Events: avoid the enemy



		3.3 Variables: catch the objects



		3.4 Constructs: Racemania



		3.5 Parallel processes: Bat in a cave



		3.6 Parameters: the random number function



		3.7 Practical challenges









		4 Coding basics



		4.1 Calculations in Scratch



		4.2 Solving problems with fixed loops



		4.3 Solving problems with conditional statements



		4.4 Solving problems with conditional loops



		4.5 Practical challenges



		4.6 Practice questions









		5 Text-based coding



		5.1 Input and output in Python



		5.2 Conditional statements in Python



		5.3 Fixed loops in Python



		5.4 Conditional loops in Python



		5.5 The software development process



		5.6 Design techniques



		5.7 Practical challenges



		5.8 Practice questions









		6 Web design



		6.1 Introduction to web design



		6.2 Designing a website



		6.3 Basic structure of a web page



		6.4 Hyperlinks and the anchor tag



		6.5 Embedding media



		6.6 CSS: styling other elements



		6.7 CSS: styling text



		6.8 JavaScript events



		6.9 Practical challenges



		6.10 Practice questions









		7 Databases



		7.1 What is a database?



		7.2 Real-world case study



		7.3 Designing a database



		7.4 Creating a database in MS Access



		7.5 Adding images



		7.6 Validation



		7.7 Database creation challenges



		7.8 Searching a database



		7.9 Sorting a database



		7.10 Complex queries



		7.11 Practical challenges



		7.12 Practice questions









		Glossary



		Answers











Guide





		Cover



		Title Page



		Copyright



		Contents











Pages





		cover



		i



		ii



		iii



		iv



		v



		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140











OEBPS/OEBPS/images/8-1.png
¥ Table 1.1 Input and output devices

they print with is cheaper.
Braille printers can be used
for the visually impaired; they
emboss raised dots onto thick
paper.

ename Type Description evice name  Type Description
- Input | A grid of keys to type Input | A touch-sensitive pad usually included
characters or give commands. as part of a laptop. Users can move
Keyboard Available in different layouts the pointer, click and scroll.
including for other languages | Trackpad or
and Braille for the visually touchpad
impaired.
Input | Moves the pointer on the Input | Buttons and a joystick and/or
s screen based on input from and directional pad for input. Some also
Mouse the sensor underneath; usually output | feature a trackpad. Game controllers
has two buttons and a wheel Game controller often have the ability to vibrate to
for scrolling. provide output to the user.
Input | Usually liquid crystal displays Input | Has sensors to measure direction,
g and (LCDs) or sometimes and angle and speed of movement. The
output | plasma displays. Reducing . y output | headset will include a built-in screen
R the brightness or enabling Virtual reality and speakers to provide visual and
Screen or automatic switch-off aftera | "¢3dset audio output to the user.
monitor certain time can reduce power
usage. Touchscreens can be
used for input.
- Output | Inkjet printers are cheaper Input | A graphics tablet uses similar
w to buy but the ink can be M technology to touch-sensitive screens
z expensive. Laser printers are and often comes with a stylus to allow
Printer more expensive but the toner | Graphics tablet freehand drawing to be input directly

into a computer system.
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Description

Output | Works by moving pens (or 5 Input | Microphones turn sound into electrical
knives in the case of the cutting signals. They can be used in conjunction
plotter) across the material — with voice recognition software to give

Plotter usually paper. Used to produce ccommands or create documents.
plans or designs of places, Microphone
products or large posters.
Output | Creates a three-dimensional r B Output | Headphones, earphones or speakers
m object by repeatedly adding, - provide sound output to users. This is
s layer§ of material — most often particularly useful to .(hg visually |m!)a|red
3D printer plastic. Headphones who can hear a description of what is on
or speakers the screen or have documents read aloud.

Input Light sensors use reflections 1 Input | The user will use one foot to control the
from an object — usually on < > movement of the pointer. The other foot
paper — to build up an image of U can be used to press a number of buttons

Scanner the object within the computer | po6t mouse either for a mouse click or programmed
system. as shortcuts to other functions.

Input Digital cameras, mobile phone Input | A tube that can be blown down or sucked

i cameras or webcams are all SN to trigger a pressure switch. This can

capable of turning light into o ’ be used to click, or to enter text using
Camera ical si

electrical 5.|g.nals. They can Puff suck / sip Morse code.

capture still images or video. A .

puff switch

camera can be used to translate

eye movement into commands

for people who have difficulty

coordinating other movement.
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