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Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each topic.
The lesson plans 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 Computer Science department. 
The material supplied for this unit includes: 
6 PowerPoint presentations, each designed to cover one topic, which may take more than one lesson
6 worksheets
6 homework sheets
An end-of-unit test for assessment purposes
Summary
The unit is subdivided into five topics and an end-of-unit assessment. Each topic is designed to give enough materials for approximately 1 hour of teaching time, however, this will differ depending on how much depth is considered and whether homeworks are reviewed in the following lesson. The unit covers Section 3.3 of the AQA GCSE Computer Science 8525 specification. Number bases, converting between number bases, units of information, binary arithmetic, character encoding, representing images, representing sound and data compression are all covered. 
The conversion of integers from decimal to binary is covered in the first lesson, together with the binary addition of up to three numbers and binary shifts. In subsequent lessons, the use of hexadecimal numbers and character encoding is described. 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:
Define the terms bit, byte, kilobyte and megabyte
Understand that data needs to be converted into a binary format to be processed by a computer
Convert positive decimal whole numbers (0-255) into 8-bit binary numbers and vice versa
Understand the term ‘character set’ including:
7-bit ASCII
Be able to convert between characters and character codes
Explain what data compression is
Most students will be able to:
Define the terms nibble, gigabyte and terabyte
Convert positive decimal whole numbers (0-255) into 2-digit hexadecimal numbers and vice versa
Convert between binary, decimal and hexadecimal equivalents of the same number
Add two 8-bit binary integers and explain overflow errors which may occur
Understand the use of binary shifts
Understand the use of binary codes to represent characters in common groups and sequences
Understand the term ‘character set’ including:
Unicode
Describe the purpose of Unicode and the advantages of Unicode over ASCII
Know that Unicode uses the same codes as ASCII up to 127
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
Calculate the file size of an image
Convert binary data to a bitmap image
Understand that analogue sound is converted, processed and stored in digital form when sampled
Be able to represent a short sound file in binary
Explain how sampling intervals and resolution affect the size of a sound file using the terms:
Sampling rate
Sample resolution
Calculate sound file sizes based on the sampling rate and sample resolution
Understand why data may be compressed and that there are different ways to compress data
Explain how data can be compressed using run length encoding (RLE) using frequency/data pairs

Some students will be able to:
Explain how data can be compressed using Huffman coding; create and interpret Huffman trees
Calculate the number of bits required to store data as uncompressed ASCII or compressed using Huffman coding
Previous Learning
No prior knowledge is essential with this unit. However, students should have a basic understanding of computer systems from lessons delivered as part of the Key Stage 3 national curriculum.  
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.


Recommended textbooks
These books are published by PG Online both in printed editions and in electronic format. Please refer to www.pgonline.co.uk for ordering and pricing details, to request a free printed copy or to download a free digital inspection copy.
AQA GCSE Computer Science, Robson & Heathcote, ISBN:978-1-910523-22-3
[image: ]
Approved by AQA, this textbook provides comprehensive yet concise coverage of all the topics in the new AQA 8525 GCSE Computer Science specification. Each of the nine chapters in the book corresponds to one of the teaching units in this series and will be invaluable as a course textbook. Practice questions, including some from past examination papers, are included at the end of each chapter. Answers to all exercises are provided in a teacher’s pack which can be downloaded from www.pgonline.co.uk.
ClearRevise AQA GCSE 8525 Computer Science ISBN: 978-1-910523-25-4
Experience + revision science + beautiful design = better results
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A new generation of revision book to capture students’ attention and make revision more effective and more enjoyable.
· Over 500 marks worth of examination style questions
· Answers provided for all questions within the book
· Illustrated topics to improve memory and recall
· Specification references for every topic
· Examination tips and techniques
· Free Python solutions pack
· 

Vocabulary
Vocabulary associated with this unit, such as:
Decimal, binary, hexadecimal, binary, data, instructions, bit, byte, kilo, mega, giga, tera, binary shift, 7-bit ASCII, Unicode, character code, pixel, image size, colour depth, bitmap, analogue, sampling rate, sample resolution, hertz, data compression, decompress, Huffman coding, Huffman tree, run length encoding (RLE), frequency/data pairs.
Assessment
Homework is given for each lesson. These consist of a mixture of short, factual questions assessing knowledge in isolation and longer questions in which students are asked to analyse a situation or justify their answer to questions.
The final assessment given assesses student’s knowledge of the current unit. In the actual examination, questions may integrate various topics into one question. As such, we strongly encourage teachers to use past papers and specimen papers to assess students and predict outcomes.
Lesson plan
	Topic 4	Representing images

	Preparation:
You will need GIMP or Photoshop installed on your school network or a similar graphics package that can handle .PBM files
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
Calculate the file size of an image
Convert binary data to a bitmap image

	Content

	Starter
PowerPoint Guide: Topic 4 Images
Students will probably be aware of different file formats that are available for storing images. The two images shown would most likely be a JPG for the holiday photo and a GIF, PNG or SVG for an illustrated graphic. Take students through the Answers slide and see how many they got right. There are alternative image file formats to these which students may be aware of. 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
Bitmap (or raster) images and image resolution
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. Pixels per inch (PPI) is the measure of screen resolution 72 PPI has traditionally been used for screens, but higher resolutions are common, such as Retina displays – in particular on smartphones. 300 DPI is the minimum for quality printing. Some glossy magazines may print at 1200PPI.
Creating an image
[bookmark: _GoBack]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.
Colour or bit depth
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. To store 256 colours would need 8 bits for each pixel. Other bit depths and the number of colours they can represent are also shown.
Colours and resolution vs file size
An increase in the number of colours/colour depth of an image will result in an increase in the file size. If the size of the image (measured in pixels) is increased, this will also increase the size of the file.
Hand out Worksheet 4 and ask students to complete Task 1.
Topic 4 Worksheet 4
PBM monochrome images
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.
Ask students to complete Task 2 on Worksheet 4.
Colours and looking at colour values
The photo on the slide demonstrates how one individual pixel is made up of three sub-pixels of red, green and blue. These together make the colour of the pixel. 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 the questions and then go through the Answers slides with them.
Why file sizes don’t always add up and metadata
The file size in bytes shown on the image is 2 250 056 bytes. The calculation for the image size would be:
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
There is a small difference of 56 bytes. This is accounted for by meta data.
Incidentally, the ‘Size on disk’ figure in the screenshot is greater by a further 2,744 bytes, but this relates to the amount of wasted/empty space following the file owing to the cluster sizes on the disk used by the NTFS file system. Most likely the disk in question is using a 4K cluster size meaning that files can only take up multiple of 4KB on the disk. (This is beyond GCSE requirements.)
Plenary
Ask students to fill in the gaps in the sentences with the keywords that they have studied this lesson.
Hand out Homework 4.
Topic 4 Homework 4
Topic 4 Homework 4 Answers
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Hooray all boats
© 2017 Karen Stamper
Paper collage and acrylic on wooden panel 76 × 76 cm
[bookmark: _Hlk32491415]www.karenstampercollage.com
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