[image: C:\Users\Rob\Dropbox\KS3 Project\pg_online_logo\jpeg_png\pg_online_normal_ver-02.jpg]
[image: C:\Users\Rob\Dropbox\PG Online\Artwork Graphics Logos\GCSE AQA 2016\GCSE AQA 2016 Cover Images\Unit 3 GCSE AQA 2016 Teaching Guide Cover-01.jpg]

[bookmark: _Toc362363433]Copyright
© 2016 PG Online Limited
The contents of this unit are protected by copyright. 
This unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it are supplied to you by PG Online Limited under licence and may be used and copied by you only in accordance with the terms of the licence agreement between you and PG Online Limited. Except as expressly permitted by the licence, no part of the materials distributed with this unit may be used, reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic or otherwise, without the prior written permission of PG Online Limited.
Licence agreement
This is a legal agreement between you, the teaching institution, and PG Online Limited. PG Online Limited grants to you a non-exclusive, non-transferable, revocable licence to use this unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it in the course of teaching by your teachers and/or employees.
The materials distributed with this unit may be copied and used by your teachers and/or employees on a single site only in the course of their teaching. You warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, share in any way any of the materials or part of the materials with any third party, including users on another site or individuals who are teachers and/or employees of a separate institution. You acknowledge and agree that the materials must remain with you, the teaching institution, and no part of the materials may be transferred to another institution. You also warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, procure, authorise, encourage, facilitate or enable any third party to reproduce these materials in whole or in part without the prior permission of PG Online Limited.
In consideration of the licence granted to you, you shall indemnify PG Online Limited against all liabilities, costs, expenses, damages and losses (including but not limited to any direct, indirect or consequential losses, loss of profit, loss of reputation and all interest, penalties and legal costs and all other professional costs and expenses) suffered or incurred by PG Online Limited arising out of or in connection with the exercise by you of your rights granted under this licence. 

Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each lesson.
The lessons are designed to form a basis for ideas for the teacher and should be adapted to suit the teaching style and preferences of the individual teacher, and the resources and nature of the individual school or Computing / ICT department.
The material supplied for this unit includes:
6 PowerPoint presentations, each designed to cover one lesson
6 worksheets
6 homework sheets
1 final assessment test
Summary
The unit is subdivided into six learning hours plus an end-of-unit assessment spread across seven lessons in order to fit with most school timetables. It is a theoretical unit covering the latest AQA Computer Science specification 8520. The conversion of integers from denary to binary is covered in the first lesson, together with the binary addition of three numbers and binary shifts. In subsequent lessons, the use of hexadecimal numbers and character encoding is described with practical programming exercises to reinforce understanding. Representation of images and sound are covered in two separate lessons with a final lesson covering lossy compression techniques used for images, sound and video, and lossless techniques such as RLE and Huffman encoding. In the final lesson students sit an assessment test comprising questions similar to those found on the GCSE exam paper.   


Learning Outcomes for the unit
At the end of this Unit all students should be able to:
Explain why all data needs to be converted to binary before the computer can process it
Convert positive denary whole numbers (0-255) into 8-bit binary numbers and vice versa
Convert between binary and hexadecimal
Explain the use of binary codes to represent characters
Understand the term ‘character set’
Explain the relationship between the number of bits per character and the number of characters which can be represented
Explain the representation of an image as a series of pixels represented in binary
Explain how sound can be sampled and stored in digital form
Perform a binary shift
Explain the need for compression

Most students will be able to:
Add three binary integers
Explain why hexadecimal numbers are used to represent binary data
Discuss the effect of colour depth and resolution on the size of an image file
Explain how sampling intervals and other considerations affect the size of a sound file
Explain the effects of a binary shift
Explain the purpose of a check digit
Explain the effect of different types of compression
Interpret a Huffman tree

Some students will be able to:
Explain how instructions are coded as bit patterns
Explain how sampling intervals affect quality of the playback of a sound file
Calculate the percentage of compression applied to a file with Huffman encoding

Previous Learning
Students may have had some exposure to simple binary concepts during KS3 but no prior knowledge is necessary. You may need to spend more time on teaching pupils how to convert between denary and binary in Lesson 2 if they are not familiar with this.


Suggested Resources
No specific software is required for this unit. It is primarily a theoretical unit that can be taught entirely without computers, but there are some exercises where computers could be used in order to support understanding through practical discovery. Sound editing software such as Audacity and an image editor such as Irfanview or Photoshop could be used in the Sound and Images lessons.
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The textbook AQA GCSE Computer Science by S Robson and PM Heathcote, published 2016 (160pp) provides comprehensive yet concise coverage of all the topics in the AQA GCSE Computer Science specification. Each of the eight chapters in the book corresponds to one of the teaching units in this series and will be invaluable as a course textbook and also as a revision guide. A comprehensive glossary of terms and exam-style questions are included at the end of each chapter (with answers at the back of the book).
The book is published by PG Online in printed and electronic editions. Please refer to www.pgonline.co.uk for ordering and pricing details and to download a free digital inspection copy.
A specification map outlining the units and textbook sections is available to download here: http://www.pgonline.co.uk/library/documents/aqa_gcse_specification_map.pdf 

Vocabulary   
Vocabulary associated with this Unit, such as:
Bit, nibble, byte, kilobyte, megabyte, gigabyte, terabyte, denary, overflow, hexadecimal, character set, ASCII, Unicode, character set, check digit, shift, metadata, pixel, colour depth, resolution, sound sampling, playback, lossy, lossless, Huffman encoding, tree, RLE, compression.
Assessment
Students will sit a short test using exam-type questions relevant to the objectives in the unit at the end of the lesson sequence. The test can be completed in one lesson. 

Lesson plans

	Lesson 4
	Images
	

	Preparation:
Print enough copies of Worksheet 3 Images for each student in the class – if possible, in colour.

Learning Objectives:
Understand how a bitmap graphic is made up of individual pixels 
Explain how each pixel is represented in binary
Understand that the number of bits per pixel determines the number of available colours for an image
Explain the need for image metadata
Explain the relationship between file size and image resolution

	Content
	Resources

	Starter
As a starter, ask students to suggest as many graphic file types as they can. Some of these may be Vector file types such as WMF or SVG and you can separate those out, but most will be Bitmap types which this lesson will cover. Common Bitmap (also known as Raster) types include: BMP, JPG, GIF, PNG and TIF.
Ask students what a pixel is, and how they might define it. Explain that each pixel must be given a colour value in binary which is stored as part of the image data file.
Main activity
Ask students what happens to the pixel size if the number of pixels increases in the same area, for example, a monitor or mobile phone screen. The pixels must become smaller and therefore harder to identify with the naked eye – this is the explanation behind Apple’s ‘Retina’ display which now uses so many pixels in a screen area that they have become invisible to the human eye. Resolution is the measure of the number of pixels in a particular area. 72 pixels per inch (PPI) is the measure of screen resolution. Above this, there is no discernible difference to the human eye on most modern screens. 300PPI is the minimum for quality printing. Some glossy magazines may print at 1200PPI.
Show the monochrome image of the boat. This has only two colours that each require a bit pattern to represent them. Explain that in this case, a palette of only two colours requires one bit which provides two combinations of 0 and 1. Ask students to mentally calculate the file size of this simple image. (Answer 10x10 pixels = 100, x 1 bit = 100 bits / 8 = 12.5 Bytes.
Show students the image of the house. Explain that as the number of colours in the image colour palette increases, so must the number of bits allocated per pixel in order provide a different bit pattern for each colour. In this case 01=Red, 00= Blue, 10=Brown and 11=White. Four colours require two bits. Eight colours would require three bits, 16, four and so on… The number of bits required is known as the Colour depth or Bit depth.
Ask students: 
· How many bits would be required per pixel with a 256 colour image? (8 bits.)
· What is the file size of the house image? (200 bits or 25 Bytes.)
· How does this compare to the monochrome boat image size? Twice the file size, but the image remains the same at 10x10 pixels.)
· What would be the file size if this image had 256 colours? (800 bits or 100 Bytes.)
Show students the Chicken image at 20x20 pixels and eight colours.
Ask:
· How does the number of colours affect file size?
· How does the size of the image affect file size?
Using the slide images, demonstrate the gradation in quality using different colour depths of the same image. Note that in the leftmost image using 1 bit (2 colours) these colours have been selected as black and blue, rather than black and white.
Give out Data Representation Worksheet 4 Images and ask them to complete each of the tasks. This is best printed in colour.
If you have access to computers with Photoshop installed or a similar graphics package that will handle .PBM files, you can demonstrate the effect of editing individual pixel values in binary. Open the Boat.pbm file in Photoshop and in Notepad. Using Notepad, alter the 0s and 1s, save it and open it again in Photoshop. Pupils can have a go at this if time allows.
Using the slide, show how a monochrome pattern can be represented using 0s and 1s. Ask students to shade in the slide image collectively using the binary image data beside it.
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Using Photoshop again (or a similar graphics package, including the Custom Colour Picker in Word or PowerPoint), show students the colour values for Red, Green and Blue. Explain that colours are created by mixing 0-255 ‘lots’ of one colour to the other two. This creates a Hexadecimal value for each colour. Ask students:
· Why Hex and not in binary in this instance? (Easier for graphic artists and programmers to remember.)
· RGB (Red, Green and Blue) values between 0-255, hence 255ml shown in each can. How many bits required for 256 variations of each? (Eight bits or one byte.)
· How many bits altogether? (24 bits.)
· In 32-bit colour what are the last 8 bits for? (The last eight bits are used for an Alpha channel which controls transparency, but this is beyond the scope of their examination.)

Image Metadata
Despite having calculated the file sizes of various images in this lesson, they may not have come up with the answer that Windows might give for the actual file size. This is because image data or ‘metadata’ is added (and because some file formats are compressed to save space).
Calculating file size
Ask students to calculate the file size of the DucksBMP.bmp image with 24 bit colour:
1000 x 750 pixels = 750,000 pixels in the image
24 bits per pixel  = 18,000,000 bits in the image
18,000,000 / 8 = 2,250,000 Bytes
2,250,000 / 1024 = 2,197 KB
2,197 / 1024 = 2.14 MB
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Ask students to look at the image properties of the file after they have done their calculations, or demonstrate yourself if they don’t have access to computers.
Give out Data Representation Homework 4 Images
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	Week 7
	Assessment
	

	Learning Outcomes:
Students will
apply their knowledge in answers to a range of questions
be able to highlight areas of strength and any gaps in their understanding of computers


	Content
	Resources

	Students should complete the Assessment Test. Answers are available in the Data Representation Assessment Answers sheet.
These tests have been designed to be printed and answered by hand.  Alternatively they could be uploaded and incorporated into an automated test as part of many modern VLEs.

	Data Representation Assessment Test.docx

Data representation Assessment Test Answers.docx
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