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	Learning Aim
	B
	Investigate barriers to communication in health and social care 

	Grading Criteria
	P4

	Using examples, explain ways in which barriers to communication may be overcome and the benefits to the service users of overcoming these barriers





To achieve P4 you need complete the work below.
Describe the ways to help overcome barriers and use examples in ways that barriers to communication might be overcome and the benefits to service users to overcoming these barriers.
What are the effects of barriers on individuals?Distress: If someone in a wheelchair attends a ……… appointment and there is lack of space they will begin to feel …….. Because…….

How would they feel if the room was made bigger?..... 
If the space between the chairs and around the room is made bigger this would help the patients because……. 
 
Increased ill health: If a service user goes to the doctors but lacks in confidence, they may feel. ………  

If a doctor asks a questions about a health condition they may say no because they are too shy to answer. Add specific example.

How would this affect them?  The doctor wouldn’t be able to prescribe the correct medication…. Which would….. 







Effects of barriers on individuals


Poor quality of delivery of Health and Social care:

If the service user had an appointment at the …….. and they didn’t use effective or their preferred form of communication. For example; if they had a hearing impediment the doctor would need to……. This would make them feel……. 
Reduced access to Health and social care facilities:
 Give an example of an injury and them not being able to get up the stairs to an appointment and comment on how it would make them feel.

 This could lead to increased ill health as she would have low confidence. 
Increased social issues: If a student has moved to a new school this may cause issues for them they can include; social issues- this would make it hard for them to communicate with others in the class and teachers. If they are not communicating with anyone this can affect the relationships they are creating with friendships. Therefore it could lead to social isolation which can make them feel………








	P4
Describe ways of overcoming barriers

	Ways of overcoming barriers: 
	Description on how these can help overcome barriers:

	
Preferred method of communication:
	Service providers need to be aware of what the service users preferred method of communication is so they can support them in the best possible way. 

Give health and social example…. Someone with a hearing impairment. 

What method of communication might they prefer? 

How will this help with overcoming the barrier? 
This will help them feel more comfortable and relaxed as they will not need to stress or worry about missing key information. 

	


Preferred language:
	Why is it important for the service provider to know what the patients preferred language is? 

Give examples of when they would have to read something in a health and social care setting.
Leaflets at the doctors informing patients of symptoms and advice for an illness. The NHS and other health and social care setting have leaflets in a variety of languages this ensure that people who have English as an additional language will also be able to understand. 

How else could they ensure that people understand? 
Translator or interpreter? 

How would this help overcome the barrier? 



	



Adaptations to the physical environment:



	Changes to seating: What can you do to the height of a chair?  
Changes to lighting: 
How would this help someone with sight impairment? 
Soundproofing of rooms: How will reducing external noise help?
Other changes: 
Lifts? 
Automatic doors? 
Ramps?
Lowered reception desks? 

How would these adaptations help overcome the barrier?
It ensures they can access the services, feel more cared for and have more confidence.  


	P4
Benefits to individuals when barriers are removed:

	Benefit 1, increased access to Health and Social care: This could be a benefit for individuals because they will be able to access health and social care services for example the doctors or dentist. This will benefit them as they are gaining the medical attention they need to ensure they are living a healthy lifestyle.


Benefit 2, improved quality of Health and Social care delivery: This could be a benefit for an individual because, a service user will have a better understanding of what the service provider is trying to say if they deliver the information correctly.

How will this benefit the individual? 
 
Benefit 3, reduction of emotional distress: This could be a benefit for an individual because a service user will be able to communicate properly on what they want a need from the certain service provider.
How will this benefit the individual? 
This will benefit the individual because they will be able to visit a provider and not be worried about their emotional state. This will make them feel…… 
 
Benefit 4, increased involvement in interactions: This could be a benefit for an individual because they will be more involved in choices that are being made 
How will this benefit them?
Confidence, self-esteem. 

Benefit 5, raised levels of self-esteem:
How could this be a benefit for an individual?
 This could be a benefit for an individual because they will be able to improve and develop their commination skills; this will make them feel…..

Benefit 6, reduced frustration: This could be a benefit for an individual because it will reduce the chance of mental illness. If they reduce the frustration they have it will help their communication as there will be less tension within conversations. How will this make them feel?













Unit 3: Effective Communication in Health and Social Care 
Assignment 2 work booklet: M2 & D2 
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	Learning Aim
	B
	Investigate barriers to communication in health and social care 

	Grading Criteria
	M2



D2

	Explain how measures have been implemented to overcome barriers to communication, with reference to a selected case. 

Evaluate the effectiveness of measures taken to remove barriers to communication, with reference to a selected case. 





Case Study 
Alice is 82 and has recently been admitted to her local nursing home. Her hearing has dramatically worsened over the last few months and she is also struggling with poor eye sight. Alice has also been diagnosed with Alzheimer’s disease and she constantly repeats herself. She has had a difficult life and has experienced many traumas over the years; she therefore finds it difficult to communicate to unfamiliar people. 
	Explain how these barriers could be overcome- I have put key questions that you need to answer and an example below.

(300 words minimum) 

	
Hearing – Why is hearing a communication barrier?
· How could this be overcome?-
Hearing test, hearing aid? People speaking clearer? Louder? Ensure she is in a room with limited/no background noise.
Sign language/ alternative forms of communication. 
You need to say what would happen if these barriers were overcome.

hearing is a communication barrier to Alice because if she can’t hear she might misunderstand what someone is saying. This could be overcome by asking Alice if she would like to go for a hearing test to see if she might need a hearing aid because she can’t hear properly, also this could be overcome by speaking to Alice a bit clearer so she understands what you are saying or taking Alice into a quiet room so it’s easier for her to hear and understand. This could also be overcome by teaching Alice sign language and to use gestures to make it a bit easier for her to communicate.  


Poor eye sight – Why is poor eye sight a barrier?

How could you overcome these barriers?
· Eye test? Needs glasses/contact lenses
· If she already has glasses she may forget to use them, you might need to remind her.
· Magnifying glass to see clearer

You need to say what would happen if these barriers were overcome.


Alzheimer’s disease –   Why is Alzheimer’s diseases a barrier to communication?

How could you overcome these barriers?
· Bringing family photos
· Items that she remembers or always used in her house.
· Written notes/alarms to remind her when to take medication
· Put a picture of key workers up in her room to remind her. 

You need to say what would happen if these barriers were overcome.

     

Traumas -   Why is the trauma Alice had in her life a barrier to communication?

How could you overcome these barriers?
· Build trust with a familiar face within the care home
· Counsellor so she can talk and overcome the trauma. 

You need to say what would happen if these barriers were overcome.

Unfamiliar people -  Why is unfamiliar people  a barrier to communication for Alice?

How could you overcome these barriers?
· Seeing the same few faces every day and not new faces and don’t remain regular. 
· Seeing less unfamiliar faces throughout the day. 
· If someone if unfamiliar to her but is going to be supporting her regularly they may want to talk and build a relationship first. 
You need to say what would happen if these barriers were overcome.


 





	Evaluate the effectiveness of the measures taken to remove barriers to communication 
Discuss how it would make the service user feel if these barrier were/ were not overcome 


	

Hearing – 
Would it be effective if the barrier was overcome? 




Why might it be difficult to take Alice for a hearing test? 



But if the barrier was overcome how would Alice feel? 


Poor eye sight – poor 


What happens if poor eyesight is overcome? 


Would it be difficult to get Alice an eye test?  





What would Alice be able to do differently if she got the eye test? 



Alzheimer’s disease –
If the barrier or forgetting things wasn’t overcome how might this make Alice feel? 




What could she do it help her overcome this?





How would she feel if this was overcome?








Traumas –
 If Alice agrees to counselling this will be effective because….. 


It is easy to implement if Alice agrees to counselling, but there could be complications which could include…. 



If the barrier is overcome and is successful this will make the person feel?





Unfamiliar people – 
Would it be effective if the barrier was overcome?


 
But if the barrier was overcome how would Alice feel?
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AQA English Language Paper 2:
Writers’ Views and Perspectives

RAIL DISASTERS

[image: https://usercontent2.hubstatic.com/1866565_f260.jpg]


Two non-fiction texts based on
the same theme or topic

	The Victorian era saw an horrific number of fatal train crashes. The writer Charles Dickens was involved in a train crash in Staplehurst on 9th June 1865 but fortunately survived. Here is his eyewitness account in a letter written to a friend:

SOURCE A

My dear Mitton,

I should have written to you yesterday or the day before, if I had been quite up to writing. I am a little shaken, not by the beating and dragging of the carriage in which I was, but by the hard work afterwards in getting out the dying and dead, which was most horrible.

I was in the only carriage that did not go over into the stream. It was caught upon the turn by some of the ruin of the bridge, and hung suspended and balanced in an apparently impossible manner. Two ladies were my fellow passengers; an old one, and a young one. This is exactly what passed:- you may judge from it the precise length of the suspense. Suddenly we were off the rail and beating the ground as the car of a half emptied balloon might. The old lady cried out “My God!” and the young one screamed. I caught hold of them both (the old lady sat opposite, and the young one on my left) and said: “We can’t help ourselves, but we can be quiet and composed. Pray don’t cry out.” They both answered quite collectedly, “Yes,” and I got out without the least notion of what had happened.

Fortunately, I got out with great caution and stood upon the step. Looking down, I saw the bridge gone and nothing below me but the line of the rail. Some people in the two other compartments were madly trying to plunge out of the window, and had no idea there was an open swampy field 15 feet down below them and nothing else! The two guards (one with his face cut) were running up and down on the down side of the bridge (which was not torn up) quite wildly. I called out to them “Look at me. Do stop an instant and look at me, and tell me whether you don’t know me.” One of them answered, “We know you very well, Mr Dickens.” “Then,” I said, “my good fellow for God’s sake give me your key, and send one of those labourers here, and I’ll empty this carriage.”

We did it quite safely, by means of a plank or two and when it was done I saw all the rest of the train except the two baggage cars down in the stream. I got into the carriage again for my brandy flask, took off my travelling hat for a basin, climbed down the brickwork, and filled my hat with water. Suddenly I came upon a staggering man covered with blood (I think he must have been flung clean out of his carriage) with such a frightful cut across the skull that I couldn’t bear to look at him. I poured some water over his face, and gave him some to drink, and gave him some brandy, and laid him down on the grass, and he said, “I am gone”, and died afterwards.

Then I stumbled over a lady lying on her back against a little pollard tree, with the blood streaming over her face (which was lead colour) in a number of distinct little streams from the head. I asked her if she could swallow a little brandy, and she just nodded, and I gave her some and left her for somebody else. The next time I passed her, she was dead. No imagination can conceive the ruin of the carriages, or the extraordinary weights under which the people were lying, or the complications into which they were twisted up among iron and wood, and mud and water.

I don’t want to be examined at the Inquests and I don’t want to write about it. It could do no good either way, and I could only seem to speak about myself, which, of course, I would rather not do. But in writing these scanty words of recollection, I feel the shake and am obliged to stop.

Ever faithfully, Charles Dickens
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	SOURCE B: A newspaper interview with the parents of a woman who was killed in a train crash 15 years earlier known as the Paddington Rail Disaster, which occurred in London on October 5th 1999

Those present at the scene of the Paddington rail crash have said that the worst memory they have endured over the past 15 years is the sound of mobile phones ringing from the bodies of the dead. Among the scorched metal carcases of the two trains involved in one of Britain’s worst-ever rail disasters, a cacophony of telephones bleeped and buzzed. At the other end of the line were anxious family and friends, their desperation building with each missed call.

Denman Groves first phoned his daughter, Juliet, at around 8.30am on October 5 1999. He and his wife Maureen had woken up in their home in the village of Ashleworth, near Gloucester, and as usual, switched on the television news. Like the rest of the nation watching that crisp autumn morning, they stared in shock at the plume of smoke rising from the wreckage of the two passenger trains that had collided just outside Paddington station. Neither could even imagine that their 25-year-old daughter might have been on board.

“I didn’t even think she was anywhere near Paddington that day,” says Denman. Still, when he left for work, he tried to phone her from the car – just to make sure. There was no answer. “I thought I’d try again, but then I was so busy that I forgot. It wasn’t until lunchtime that I called. I still couldn’t get an answer, so phoned her company. They said: 'We’re afraid she hasn’t arrived yet, Mr Groves, and we’re very worried.’ At that point my heart sank.”

Juliet Groves, an accountant with Ernst & Young, was one of hundreds aboard a Thames Trains commuter service from Paddington station at 8.06am that morning. Petite, pretty and fiercely intelligent – the previous year she had come seventh in the entire country in her chartered accountancy exams, Juliet lived in Chiswick but was travelling by train to Slough, where she was winding up a company. Despite her young age, she was already a specialist in bankruptcy and was being fast-tracked to become a partner in the company. From birth she had suffered from partial blindness and was unable to drive. As a result, she travelled everywhere by rail.

She was in the front carriage of the train when it passed through a red signal at Ladbroke Grove and into the path of the oncoming Paddington-bound First Great Western express travelling from Cheltenham Spa in Gloucestershire. Both drivers were killed, as well as 29 passengers, and 400 others were injured. Juliet’s body was one of the last to be discovered. She was finally found on the eighth day.

The outcry that followed led to the biggest-ever safety shake‑up of the country’s rail network. In 2007, after years of campaigning by the families, Network Rail was fined £4 million for health and safety breaches.

Travelling by train on the same line from Paddington towards Gloucestershire, it is easy to imagine the scene in those carriages seconds before the impact. Passengers gaze out of windows across the snaking railway lines bordered by city scrub. A few talk business into mobile phones; others sip coffees and browse through their newspapers. The disaster, says Network Rail, “simply could not happen today”. 

But that promise is not enough for Denman and Maureen Groves. Neither have boarded a British train since the crash, and never will again. Their grief would not allow it, nor the sense of lingering injustice. “I can’t do it, I won’t do it,” says Denman. “I don’t want any involvement with Network Rail. The last contact I had with them was at the trial in 2007. I told the chairman he ought to be ashamed of himself.”
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Q1: Read lines 4 to 11 of Source A.
        Choose four statements below which are TRUE.  		           [4 marks]

· Two carriages did not go over into the stream      

· There were two ladies in the carriage with Dickens

· The young lady screamed. The old lady said “My God!”

· Two old ladies were in the carriage with Dickens

· Only one carriage did not go over into the stream

· The old lady screamed. The young one said “My God!”

· Dickens told the ladies to be quiet and calm down


Q2: Refer to Source A and Source B. Write a summary of the differences in the 
       writers’ viewpoints of the rail disasters they each describe.						
[8 marks] 





Q3: Refer to Source A. 
       How does Charles Dickens use language to convey his thoughts and
       feelings about the disaster? 							         
                                                						         [12 marks]


Q4: Refer to Source A and Source B.

       Compare how the writers present their different perspectives
       of the national railway disasters they describe.	         		         [16 marks]

       In your answer, you should:

· compare their different perspectives
· compare the methods they use to convey their attitudes
· support your ideas with quotations from both texts






Section B: Writing

You are advised to spend about 45 minutes on this section.
Write in full sentences.
You are reminded of the need to plan your answer.
You should leave enough time to check your work at the end.


	Q5

“The government should invest more money in public transport as there are so many good reasons to use it.”

Write a letter to the editor of your local newspaper, explaining your views on this statement.

(24 marks for content and organisation
16 marks for technical accuracy)

[40 marks]
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[bookmark: _Toc488311175]Maths
Year 11 maths will be 12 my maths online worksheets based upon their first 10 red topics from the latest mock examination. 
If you require a hard copy you will need to see your maths teacher before the end of the term

[bookmark: _Toc488311176]Spanish & French 
Please see attached items on the email for these booklets. These documents are also on the website (Homepage-Student Tab-Y11 Summer 2017)

[bookmark: _Toc488311177]Geography
Revise the Changing Cities topic for the end of topic test in September. Use pages 56-67 in revision guides and links on SMHW as support. 

[bookmark: _Toc488311178]Art
Mrs Granger - Please complete any outstanding coursework as discussed with Mrs Granger before the summer holidays.

Miss Crehan – Catch up on any missing work in sketchbooks and gather primary sourced images.

[bookmark: _Toc488311179]
Graphics
Miss Crehan – To gather primary sourced images related to your final piece ideas.
[bookmark: _Toc488311180]Food
To revise the cook completed in the last week of term, with a focus on enhancing them for your final cook. You must show what you have changed and justify reasons as to why you changed them
[bookmark: _Toc488311181]Media
Mrs Bowers - Year 11 media have individual corrections and improvements for their AB1 and AB2 coursework.

Miss Fountain - Complete any gaps in AB1 and AB2 coursework
-Analysis of DVD cover (x2)
-Evaluating your DVD cover design
-Analyses of 2 contrasting music promotions (posters/websites etc)
[bookmark: _Toc488311182]Music
Use revision guide and complete revision mind-maps or posters for following topics in preparation for starting the exam unit
-Live Music Venues
-Health and Safety
-Unions
- Evaluating your music promotion design
[bookmark: _Toc488311183]History
Yr11 Summer History Revision Homework[image: ]

Yr11 Summer History Revision Homework
AIM:  to create revision notes for USA and WW1 which you can refer back to for revision purposes throughout Yr11.
(This may seem like a chore, but believe me, it will save you so much time later on!)
Previous Yr11 students have all pretty much been unanimous in their best piece of advice for future years … the key to successful and effective revision is to start early!
Many said they wished they had worked out their own personal revision preferences before they started Yr11.
Those who felt most confident going into exams, and had the exam results to prove their success, had already started regularly revising prior to Yr11.
Your summer holiday task is to create revision resources to suit your style.  You will focus on Paper 1 content from Yr9 and 10:
· Section A:	America, 1920–1973: Opportunity and inequality
· Section B:  	Conflict and tension, 1894–1918
[image: ]Revision guides with plenty of sample exam questions are available on SMHW.  Please also see Miss Astin if you are unable to access SMHW and need paper copies.
Throughout the rest of this booklet are some photos of suggested revision note ideas.  You can give some of them a try, or try out your ideas and techniques.
[image: ][image: ]You might always want to try websites such as BBC Bitesize for other ideas, tips and strategies.
Also, DON’T FORGET GCSE POD!
Remember!
Experiment until you find what works for you, but …
When we revise we remember:
· 20% of what we read
· 30% of what we hear
· 40% of what we see
· 50% of what we say
· 60% of what we do
· 90% of what we read, hear, see, say and do!
	Visual Learners:
	Auditory Learners:
	Kinaesthetic Learners:

	· Maps 
· Posters
· Charts
· Spider diagrams
· Cartoons
· Summary notes 
· Mental Pictures
· Mind maps

[image: http://www.csrnewssa.co.za/wp-content/uploads/2016/05/using-visual-content-enhance-b2b-1.jpg]
	· Record ideas on your phone / listen to podcasts
· Say keywords aloud
· Tell another person
· Make a presentation
· Get someone to test you.
· Exchange ideas with your friends 
· Play quiet, relaxing background music. 
[image: https://lillianmwoodall.files.wordpress.com/2013/10/auditorylearner.jpg]
	· Walk n’ talk, 
· Draw cartoons, 
· Posters etc., 
· Make a model, 
· Role play/ Drama, 
· Make a Mind Map, 
· Write a story, 
· Annotate diagrams, 
· Make Cue/Flash cards or bookmarks
[image: http://4.bp.blogspot.com/-m6ik511a1ac/URiAxf_e1MI/AAAAAAAAB-4/YopjgTZ5GiM/s1600/Kinaesthetic.jpg]



[image: ]
Cue cards with key notes, definitions, dates etc.  You could use different colours for different topics.
[image: ]
Another type of cue card, but this type are already connected together using keyring style fasteners.  This makes them easy to carry around with you for revision on the go!
[image: ]
Many people’s first method of revision is mind maps.  They can be great, particularly if you are quite a visual learner. Use colour and images to help make them memorable.
[image: ]
If you want to use note pads to write out notes, consider how you set out the notes.  Use clear headings and subheadings.  You might want to use tabs to separate different topics.  You could also use larger post it notes on pages to note down key words etc.
[image: ]
Post it notes on large sheets / walls / doors are great for showing processes.  Make a quick timeline of key events.  Show cause, event and consequence using different colours.  Put notes on mirrors so you can revise whilst doing your hair and makeup!
[image: ]
Revision clocks can be great for people who need to give themselves time limits.  This can make tasks seem more manageable and can help give you a sense of achievement.
[image: ]
Revision stars are a great idea if you like crafting or like to have a physical object to revise from.







BTEC Sport

To complete your analysis of three different types of leader – a captain of a team, a manager of a team and a teacher.
You need to include:
· What are the good leadership attributes that they show?
· How do you know they are a good leader?
· How could you improve their leadership skills further?
BTEC Level 2 First Award in Sport

	Unit Number
	6

	Unit Title
	Leading Sports Activities

	Assignment Number
	1

	Assignment Title
	Sports Leadership Article

	Date Set
	5/9/16

	Deadline for 1st submission
	20/10/16


SCENARIO
You are the manager of a small, but developing coaching company. The editor of a newspaper has contacted you to develop an article that explores the requirements of becoming a successful sports leader. Use examples of successful sports leaders to demonstrate attributes and responsibilities required.









	Learning Aim
	A
	Know the attributes associated with successful sports leadership

	Grading CriteriaEvidence you are required to produce in order to achieve the grading criteria:
· Newspaper or Web article 
(1A.1, 2A.P1, 2A.M1, 1A.2, 2A.P2, 2A.M2, 2A.D1)

	1A.1


2A.P1


2A.M1


1A.2

2A.P2

2A.M2

2A.D1
	Outline the attributes required for, and responsibilities of, sports leadership.

Describe, using relevant examples, the attributes required for, and responsibilities of, sports leadership

Explain the attributes required for, and responsibilities of, sports leadership

Describe the attributes of a selected successful sports leader.

Describe the attributes of two selected sports leaders.

Evaluate the attributes of two successful sports leaders.

Compare and contrast the attributes of two successful sports leaders.


	Tasks 
What you need to do in order to achieve each of the grading criteria:

	Task 1

1A.1 - Outline the attributes required for, and responsibilities of, sports leadership.

2A.P1 - Describe, using relevant examples, the attributes required for, and responsibilities of, sports leadership

2A.M1 - Explain the attributes required for, and responsibilities of, sports leadership

	
Create either a newspaper or web article which outlines (1A.1), describes (2A.P1) or explains (2A.M1) both the attributes required and responsibilities for, and responsibilities of, sports leadership. You should include information on the following:

Sports Leaders
Sports coaches, fitness instructors, school/college coaches, local club coaches, national club coaches, amateur coaches.

Attributes
· Skills (communication, organisation of equipment, knowledge)
· Advanced Skills (activity structure, target setting, use of language, evaluation)
· Qualities (appearance, enthusiasm, confidence)
· Additional Qualities (leadership style, motivation, humour, personality)

Responsibilities
· Core Responsibilities  (professional conduct, health and safety, equality)
· Wider Responsibilities (insurance, child protection, legal obligations, ethics and values, rules and regulations)

	Task 2

1A.2 - Describe the attributes of a selected successful sports leader.

2A. P2 - Describe the attributes of two selected sports leaders.

2A. M2 - Evaluate the attributes of two successful sports leaders.

2A. D1 - Compare and contrast the attributes of two successful sports leaders.
	
Give relevant examples of your selected successful sports leaders in your article. Make sure you are focusing on the attributes that make these sports leaders successful. Use the following to help:

Sports Leaders
Sports coaches, fitness instructors, school/college coaches, local club coaches, national club coaches, amateur coaches.

Attributes
· Skills (communication, organisation of equipment, knowledge)
· Advanced Skills (activity structure, target setting, use of language, evaluation)
· Qualities (appearance, enthusiasm, confidence)
· Additional Qualities (leadership style, motivation, humour, personality)

Responsibilities
· Core Responsibilities  (professional conduct, health and safety, equality)
Wider Responsibilities (insurance, child protection, legal obligations, ethics and values, rules and regulations)















[bookmark: _Toc488311185]Travel & Tourism
BTEC Level 2 Unit 2: UK Travel and Tourism Destinations
 Assignment Brief

	Unit Number
	2

	Unit Title
	UK Travel and Tourism Destinations

	Assignment Number
	2

	Assignment Title
	The Appeal of UK Tourism Destinations

	Date Set
	12/06/2017

	Deadline for 1st submission
	30/06/2017




SCENARIO
As an employee at a local tourist information centre, you have been asked to investigate the appeal of UK tourist destinations and recommend improvements to a given UK destination in order that it might increase its appeal to visitors.



	Outcomes
	B
	Investigate the appeal of UK tourism destinations for different types of visitors

	Grading Criteria
	2B.P4

2B.M2

2B.D1
	Describe how one UK town or city destination, one seaside resort and one countryside area can appeal to two different types of visitors.

Recommend how one UK destination might be able to increase its appeal to different types of visitors.

Justify own recommendations as to how one UK destination might be able to increase its appeal to different types of visitors.


Evidence you are required to produce in order to achieve the grading criteria:
· Three brochures - one for each destination chosen. 
· A presentation, supporting notes, and an observation statement completed by your tutor.


	





	Tasks 
What you need to do in order to achieve each of the grading criteria:

	Task 1 

2B.P4
Describe how one UK town or city destination, one seaside resort and one countryside area can appeal to two different types of visitors.











2B.M2
Recommend how one UK destination might be able to increase its appeal to different types of visitors.

2B.D1
Justify own recommendations as to how one UK destination might be able to increase its appeal to different types of visitors

	  You must conduct an investigation into three UK tourist destinations:
1. one town or city
1. one seaside resort
1. one countryside area.
	
For each destination, create a brochure that describes the appeal of that destination to at least two different visitor types, for example: groups, families, visitors of different ages or cultures, non-English-speaking visitors or those with specific needs, domestic or inbound visitors.

You must consider key aspects of appeal for each destination, including:
· visitor attractions
· natural features
· range of accommodation
· facilities
· arts and entertainment
· sightseeing
· transport links.

Ensure that your descriptions for each destination are focused on how they appeal to both of your chosen visitor types. For example, you may choose Blackpool as your seaside resort and describe how it can appeal as a destination to both families and groups. 

For one destination you must create a presentation to make recommendations on how this destination might increase its appeal to different types of visitors.  You will need to justify your recommendations as to how this destination can increase and widen its appeal to many types of visitors. You could consider, for example: improvements to facilities to cater for specific customer types; better transport facilities to encourage incoming visitors; the costs incurred by visitors. 




	If you have not achieved the Level 2 criteria, your work will be assessed to determine if the following Level 1 criteria have been met. 

	To achieve the criteria you must show that you are able to:
	Unit
	Criterion reference

	Outline how one UK town or city destination, one seaside resort and one countryside area can appeal to two different types of visitors.
	2
	1B.4
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Contents on CD
All of the Boosters are available on the CD. 


Editable content
Editable Boosters are included for teachers and students to make their own tasks based on their 


examination specifi cation. They are:


• Knowledge Booster 5: Create a Knowledge Booster


• Concept Booster 5a: Create a Concept Booster


• Experiment Booster 1a: Explaining Experiments


• Experiment Booster 1b: Explaining Experiments Support Sheet


• Experiment Booster 5: Understanding Graphs and Charts


• Argument Booster 5: Controversial Issues
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Introduction


The importance of a C grade in science or chemistry cannot be underestimated. 


Learners who leave school with at least a C grade in science or chemistry have 


far more career opportunities open to them. This benchmark of success, along 


with other qualifi cations, can support learners not just with the next step in their 


education but also their future careers. Anything that teachers can do to support 


learners in achieving this grade should be done.


There are, of course, other infl uences that may motivate teachers to encourage 


the number of C grades in a cohort. Schools are under pressure to maximise the 


number of C grades in order to meet government-imposed targets. However we 


might feel about these targets, C grades remain currency for success in further or 


higher education and in many careers.


This book is a collection of activities that aims to improve learners’ knowledge, 


understanding and confi dence to achieve at least a grade C. These activities 


could be used as part of intervention lessons, as homework activities with class 


work follow-up, within lessons as part of a scheme of work or for focused revision 


sessions.


These activities have been developed by consulting the examiners’ reports 


from the past fi ve years and prioritising the most common mistakes in learners’ 


responses to examination questions. The focus of the tasks is on the knowledge, 


understanding and skills required for the ‘standard’ questions (up to grade C), 


each with a focus on the most common mistakes.


As with all teaching resources, how the teacher integrates the resource into their 


teaching is essential to its success. Motivated learners may be able to take these 


tasks home, try them and improve their own knowledge, understanding, skills and 


confi dence. However, on the whole, teachers need to use their motivational skills 


to engage learners with the resource and provide effective feedback. Each activity 


has notes for teachers with guidance and ideas.


I have thought carefully about the selection and design of these tasks. I hope that 


you fi nd them a useful addition to your teaching resources.


Andrew Grevatt
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What Does a C Grade in Chemistry Look Like?


The grade descriptors published by GCSE examination specifi cations can be 


analysed to help understand what knowledge, understanding and skills are 


expected to achieve a C grade.


The grade descriptors state that candidates should: ‘demonstrate a good overall 


knowledge and understanding of science content and how science works, and of 


the concepts, techniques and facts across most of the specifi cation’.


Knowledge
• Demonstrate knowledge of technical vocabulary and techniques and use 


these appropriately.


• Use this knowledge, together with information from other sources, to 


help plan a scientifi c task, such as: a practical procedure, testing an idea, 


answering a question or solving a problem.


• Describe how, and why, decisions about uses of science are made in some 


familiar contexts.


Understanding
• Demonstrate an awareness of how scientifi c evidence is collected and an 


awareness that scientifi c knowledge and theories can be changed by new 


evidence.


• Use and apply scientifi c knowledge and understanding in some general 


situations.


• Explain how, and why, decisions about uses of science are made in some 


familiar contexts.


• Demonstrate good understanding of the benefi ts and risks of scientifi c 


advances and identify ethical issues related to these.


Skills
• Demonstrate communication and numerical skills appropriate to most 


situations.


• Carry out practical tasks safely and competently, use equipment 


appropriately and make relevant observations appropriate to the task.


• Use appropriate methods for collecting fi rst-hand and secondary data, interpret 


the data appropriately and undertake some evaluation of the methods used.


• Present data in ways appropriate to the context.


• Draw conclusions consistent with the evidence that has been collected and 


evaluate how strongly this evidence supports these conclusions.
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These tasks have been designed by building on what we know about the 


common diffi culties faced by learners doing ‘standard’ questions in examinations 


within a framework based on learning theories.


The theoretical framework is based on Bloom’s Taxonomy of Educational 


Objectives. If you look at the grade descriptors for grade C, you will fi nd that 


they fi t within the ‘Application’ part of Bloom’s taxonomy. In fact, in the broadest 


sense, examination grades can be correlated with Bloom’s taxonomy domains.


Bloom’s Cognitive Domain Examination Grades Simple Descriptors


Synthesis A* Synthesise


Evaluation A Evaluate


Analysis B Analyse


Application C Explain


Comprehension D Describe


Knowledge E Identify


The tasks in this book have been developed using these principles. Learners who 


have good knowledge and comprehension, and are able to apply these in familiar 


situations, are likely to achieve at least a C grade.


So, these tasks have been designed to support knowledge, comprehension and 


application of GCSE science. The Knowledge Boosters support knowledge and 


comprehension; these will increase learners’ confi dence in the keywords and 


defi nitions. The Concept Boosters build on that knowledge and comprehension 


to encourage application of knowledge and understanding; these can be used as 


a task on their own or followed by the exam-style questions that are of increasing 


demand – Describe, Explain, Apply. The Experiment Boosters encourage analysis 


of experiments, highlighting common issues and developing the skills required for 


achieving grade C. The Argument Boosters provide knowledge and encourage 


the development of and confi dence in comprehension and application skills; like 


the Concept Boosters, these have exam-style questions of increasing demand.


There is increasing interest in and use of SOLO taxonomy (Structure of Observed 


Learning Outcomes) in the UK. The Boosters aim to support pre-structural, 


unistructural and multistructural stages of the SOLO taxonomy.


How the Tasks Have Been Developed
In
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Past examination papers and reports can be scrutinised to help students 


understand the skills required to answer examination questions. Understanding 


such skills can encourage learners to maximise their marks.


General problem areas
Written answers


• Often excessively verbose.


• Repeat the question with no answer.


• Make the same point more than once.


• Make contradicting statements.


• Do not pay attention to the stem of a question.


Data analysis


• Incorrect reading of graphs and charts.


• Mathematical weaknesses in calculations.


• Limited ability to apply knowledge to a new situation.


• Incorrect application of concepts of reliability, accuracy and validity.


Specifi c problem areas
Knowledge and understanding


• Chemical symbols: students are often not able to identify state symbols (s), 


(l), (g) and (aq), and confusion over the symbols for elements is common. 


Capital fi rst letter and lower case second letter.


• Chemical word and symbol equations: candidates frequently invent new 


substances that are not possible from the given elements. Water is a 


popular addition.


• Types of bonding: ionic and covalent present particular problems, for 


example which molecules are covalent or ionic bonded, and the properties 


associated with them.


• Also with bonding, some pupils think that protons are involved and get 


confused over the loss and gain of electrons.


• Electrolysis is often associated with a lot of misunderstandings, in particular 


that ions are moving within the aqueous solution or the molten ionic 


compound, which electrode each ion will be attracted to, the names of each 


electrode and the type of ion.


Problem Areas in Chemistry
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• Endothermic and exothermic reactions present candidates with confusion 


over whether temperatures increase or decrease in relation to energy 


changes and bond breaking.


Application


• The process of producing fertiliser: often missing that ammonia has to be 


reacted with acid to make a useable salt.


• Rates of reaction cause a range of diffi culties: often learners do not 


recognise the state in which products or reactants exist. The application of 


particle behaviour can cause confusion when related to energy, speed and 


collisions.


• The evolution of the Earth’s atmosphere requires the application of lots of 


other ideas: the greenhouse effect, photosynthesis, change of state, cause 


and effect, and so on.


• Candidates often have diffi culties when applying the principles of electrolysis 


to new situations.


Problem Areas in Chemistry
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Months before
� Learn the keywords of each topic and their defi nitions: use Knowledge Boosters.


� Identify key concepts and learn them: use Concept Boosters.


� Identify the key experiments: use Experiment Boosters.


� Identify the key issues: use Argument Boosters.


� Make a summary revision sheet for each topic.


� Practise past exam questions regularly.


� Ask for help if you do not understand a specifi c area.


Weeks before
� Make sure you know when and where the exam is.


� Make sure you know which topics the exam covers.


�  Go back to the exam specifi cation and the textbook to identify keywords, key 


concepts, key experiments and key issues.


� Make sure you can spell most keywords.


The day before
� Double check the time and location of the exam.


� Read through all your summary notes.


� Self-test on the areas you fi nd diffi cult.


� Pack your exam kit: pencil, pen, ruler, calculator etc.


� Eat well and get an early night.


In the exam
� Read the question carefully – note the stem word of a question.


� If writing, write clearly.


� Do not waffl e; write clearly and concisely.


� If you make a mistake, cross it out and write the correct answer clearly.


Exam Preparation Checklist
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I Can Get a Grade C Checklist


If you can do most of these things, it is likely that you can achieve a C grade in 


science examination papers.


General
� In a topic I can state the meanings of most keywords.


� In a topic I can spell most keywords.


� In a topic I can explain most key concepts.


� In a topic I can describe the key experiments or investigations.


� In a topic I can describe the main arguments of key issues.


Experiments and investigations
� I can identify variables as independent, dependent and control.


� I can state the aims, hypothesis or prediction.


� I can explain if an experiment is reliable and suggest improvements.


� I can explain if an experiment is accurate and suggest improvements.


� I can explain if an experiment is precise and suggest improvements.


� I can make a conclusion from charts and graphs based on scientifi c ideas.


Tables, graphs and numbers
� I can calculate an average.


� I can calculate a percentage.


� I can present numbers as percentages, ratios, fractions and probabilities.


� I can identify patterns or trends in data in a table, chart or graph.


� I can use decimal places and appropriate signifi cant fi gures.


� I can calculate the areas, perimeters and volumes of simple shapes.


Arguments
� I can identify the advantages and disadvantages of a new technology.


� I can identify opinions and facts in an argument.


� I can identify and suggest environmental arguments.


� I can identify and suggest economic arguments.


� I can identify and suggest social arguments.


� I can identify and suggest ethical arguments.


� I can suggest why some scientifi c theories took time to be accepted.


Communication
� I can describe trends in data clearly (change, direction and by how much).


� I can explain scientifi c ideas in a logical sequence.


�  I can answer a question from the command word, for example describe, 


explain, discuss.


� I can write a relevant and clear answer to a question.


� I can write using mostly correct grammar, punctuation and spelling.
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AQA EDEXCEL OCR B


Knowledge Booster 1:


Chemical Reactions


HSW 10.1–10.2


C2 12.1, 12.5


C2 1.3–1.7


C2 5.1–5.5


C3 f


C4 adef


Knowledge Booster 2: 


Bonding


C1 11.3–11.4


C3 13.5


C2 3.1–3.6


C1 5.1–5.3


C4 c


C1 a


Knowledge Booster 3: 


The Haber Process


C2 12.3 C3 4.4–4.7 C2 e


Knowledge Booster 4: 


Covalent Bonding


C2 12.1 C2 3.3 C4 c


Knowledge Booster 5:


Create a Knowledge Booster


Any Any Any


Concept Booster 1: 


Fertiliser Production


C2 12.3 C2 12.3 


C3 4.4–4.7


C2 e


Concept Booster 2: 


Rates of Reaction


C2 12.4 C2 5.6–5.15 incl. H C3 b


Concept Booster 3:


Evolution of the Earth’s Atmosphere


C1 11.6 C1 1.1–1.9 C1 c


incl. some H


Concept Booster 4:


Electrolysis


C2 12.6 C1 3.6–3.12 C6 a


Concept Booster 5a: 


Create a Concept Booster


Any Any Any


Experiment Booster 1:


Explaining Experiments


HSW 10.4


C2 12.4


HSW 5 & 8


C2 5.7


C3 abc


Experiment Booster 2: 


Understanding Charts and Graphs


HSW 10.6


C1 11.2


HSW 2 & 9


C1 4.9


C2 bcd


Experiment Booster 3: Understanding 


Energy Level Diagrams


HSW 10.6


C1 11.6


HSW 2 & 9


C1 1.1–1.8


C1 c


Experiment Booster 4: 


Key Calculations


HSW 10.7


C1 12.5


HSW 2, 9 & 10


C2 5.5


C3 f


Experiment Booster 5: 


Understanding Graphs and Charts


HSW 10.2


C2 12.3


HSW 11


C2 6.1–6.4


C3 e


Argument Booster 1: Advantages and 


Disadvantages of Plastics


HSW 10.8–10.9


C1 11.4


HSW 12–14


C3 5.15


C1 e


Argument Booster 2: 


Hydrogen as a Fuel


HSW 10.8


C1 11.5


HSW 12–14


C1 5.19


C6 b


Argument Booster 3: 


Quarrying for Limestone


HSW 10.8


C1 11.1


HSW 12–14


C1 2.8


C2 b


Argument Booster 4: 


Nanomaterials


HSW 10.8–10.9


C2 12.2


HSW 12–14 C3 h


Argument Booster 5:


Controversial Issues


Any Any Any


Linking Activities to Examination Specifi cations
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Rationale
Confi dence with the words in chemistry is essential to getting at least a C grade. 


Both the meaning of the word and the spelling of the word are important. Using 


activities to encourage the use of the keywords, their meaning and their spelling 


builds that confi dence. In addition, knowledge and understanding at the word level 


is the fi rst step in learners being able to construct defi nitions, write descriptions 


and develop explanations.


Activities
These activities aim to engage learners with the keywords and their defi nitions, 


encouraging increased familiarity and confi dence in these words. In addition, the 


activities encourage learners to ensure that they can spell these keywords.


Suggested approaches
• Begin with a starter activity to establish current understanding.


• Towards the end of the topic use the activities to consolidate, review or 


revise.


• Use the activities for independent study in class or as homework.


How to use the self-testers
These are designed so that the answers can be folded back. The learners then 


write their answers to the fi rst 10 questions, stop, fold the answers out and check 


them and their spellings. Give scores out of 10. Concentrate on learning the 


answers or spellings that were wrong.


At this point, it is best to move on to the next set of 10 questions. Go through the 


same process. Later, try the fi rst set again and see if there is an improvement.


When supporting learners with this activity, concentrate on praising the 


improvement rather than the actual score out of 10.


How to use the diagrams
Labelling and defi ning the parts of diagrams are skills that will boost knowledge. 


Learners can be given blank sheets to label or, alternatively, laminated versions 


of the blank sheet with the answer sheet on the reverse. Learners can use a 


non-permanent marker to label the diagrams and check answers. Wipe off and 


try again.


Chemistry Knowledge Boosters: Teacher Notes
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Extension activities
Self-testers


• Reverse the activity: look at the answers and write the defi nitions.


• Teachers could make their own sets of questions and answers using the 


exam specifi cation or, even better, learners could make their own and swap 


with others.


Diagrams


Defi ne each part of the diagram. 


Common mistakes
Examiners of written papers often comment on the misspelling of common words 


such as endothermic, exothermic, proton and electron, and the use of incorrect 


chemical symbols for common elements and compounds.


In multiple choice papers examiners often report on learners not knowing the 


difference between words such as anode and cathode, and ionic and covalent.


Energy changes


The words exothermic and endothermic, and how temperature changes in these 


reactions, is often confused.


Chemical symbols and formulae


Many candidates do not seem familiar with common chemical symbols and 


formulae. Specifi cally, any element that has a symbol starting with C can be 


confused or guessed. Candidates seem uncertain with the arrangement of letters 


and position of numbers in common molecules.


Atomic structure


• Candidates need to be clear about the defi nitions, positions and relative 


masses of protons, neutrons and electrons.


• Electronic structure is often confused, particularly the 2, 8, 8 notation.


Periodic table


• The properties of the major groups are often not well understood.


• The bigger patterns within the periodic table are often not recognised, 


such as the valency of atoms or ions formed in each group, reactivity within 


groups and the increasing number of protons.
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Chemistry Knowledge Boosters: Teacher Notes
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Bonding


• The differences between covalent and ionic bonds are often confused.


• Many pupils have diffi culty explaining the process of bonding.


Oil and carbon chemistry


• Candidates’ lack of confi dence in the terms element, compound and 


mixture is often exposed in questions about crude oil and hydrocarbons.


• The general and specifi c formulae of alkanes and alkenes is often not 


known or confused by candidates.


• The relationship between monomers and polymers and the processes 


of cracking and polymerisation are often not applied to the uses of 


hydrocarbons of different lengths.


C
h
e
m


istry K
n
o
w


le
d
g
e
 B


o
o
ste


rs
Chemistry Knowledge Boosters: Teacher Notes
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Energy changes Answer


 1  What is the name of a reaction that gives out heat energy?  1 exothermic


 2  What is the name of a reaction that takes in heat energy?  2 endothermic


 3  When bonds are broken, the reaction is called…  3 endothermic


 4  What effect does a catalyst have on a reaction?  4 it speeds it up


 5  What does crushing marble chips do to their surface area?  5 increases it


 6  What happens to the temperature when salt is dissolved in water?  6 it increases


 7  What happens to the temperature when ammonium nitrate is dissolved 


in water?


 7 it decreases


 8  What is the unit of temperature?  8 °C


 9  What type of reaction is combustion? Endothermic or Exothermic?  9 exothermic


10  What type of reaction is photosynthesis? Endothermic or Exothermic? 10  endothermic


Chemical symbols Answer


 1  What is the chemical formula for water?  1  H2O


 2  What is the chemical formula for carbon dioxide?  2  CO2


 3  What is the chemical formula for carbon monoxide?  3  CO


 4  What is the chemical formula for methane?  4  CH4


 5  What is the chemical formula for hydrochloric acid?  5  HCl


 6  What is the chemical formula for steam?  6 H2O (g)


 7  What is the chemical formula for hydrogen ion?  7  H+


 8 What is the chemical formula for chloride ion?  8  Cl−


 9  What is the chemical formula for ammonia?  9 NH3


10  What is the chemical formula for dissoved sodium chloride? 10 NaCl (aq)


Chemistry Knowledge Booster 1: 
Chemical Reactions
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Atomic structure  Answer


 1  What does the atomic number of an element tell you?  1  number of protons


 2  What does the atomic mass of an element tell you?  2  number of protons 


plus neutrons


 3  What is the charge of a proton?  3 positive


 4  What is the charge of a neutron?  4  neutral


 5  What is the charge of an electron?  5  negative


 6  In what order are the elements in the periodic table arranged?  6 atomic number


 7  What is the name given to atoms of the same element that have different 


numbers of neutrons?


 7  isotopes


 8  What is the name given to atoms with a different number of electrons 


compared to protons? 


 8 ions


 9  What is the maximum number of electrons in the fi rst, second and third 


shells?


 9  2, 8, 8


10  Sodium has an atomic number of 11. What is its electron confi guration? 10  2, 8, 1


Periodic table Answer


 1  What are Group 1 elements known as?  1  alkali metals


 2  What are Group 7 elements known as?  2  halogens


 3  What is the block between Group 2 and Group 3 called?  3  transition metals


 4  What charge do the ions of Group 1 elements have?  4  +1


 5  How many electrons do Group 7 elements have in their outer shell?  5  7


 6  What are Group 0/8 elements known as?  6  noble gases


 7  Does the reactivity of the Group 1 elements increase or decrease down the 


group?


 7 increase


 8  Which Group 7 elements are gaseous at room temperature?  8  F, Cl


 9  Which group is quite unreactive?  9  group 0/8


10  Who came up with the modern periodic table? 10  Mendeleev


Chemical experiments  Answer


 1  An experiment where only the independent variable has been allowed to 


affect the dependent variable is a …


 1  fair test


 2  What is the unit for measuring acidity?  2  pH


 3  What is commonly used to measure the volume of liquids?  3  measuring cylinder


 4  What is commonly used to measure the volume of gases?  4 gas syringe


 5  Where could you look up the atomic mass of an element?  5  periodic table


 6  Which gas produces a squeaky pop when lit by a fl ame?  6 hydrogen


 7  Which metal is lilac in a fl ame test?  7  potassium


 8  What colour does damp litmus paper turn in the presence of ammonia?  8 blue


 9  What is the test for chlorine gas?  9  bleaching litmus 


paper


10  What is the test for water vapour? 10  cobalt chloride 


paper
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Bonding Answer


 1  Which subatomic particle is shared or transferred in a chemical reaction?  1 electrons


 2  What type of bonding shares electrons between elements?  2 covalent


 3  What type of substance conducts electricity when liquid or in solution?  3 ionic


 4  What kind of bonding does diamond have?  4  covalent (giant 


molecular)


 5  What kind of bonding do water molecules, methane molecules and oxygen 


gas molecules have in common?


 5 covalent


 6  What type of substance can be separated using fractional distillation?  6 covalent


 7  What are the typical boiling and melting points of covalent molecules?  7 low


 8  What type of bonding transfers electrons between elements?  8 ionic


 9  What type of bonding does sodium chloride and magnesium oxide have in 


common?


 9 ionic


10  What is the formula for magnesium chloride, given the ions are Mg2+ and 


Cl−?


10 MgCl
2


Oil chemistry Answer


 1  What is the name of the hydrocarbon C2H6?  1 ethane


 2  Is crude oil an element, a compound or a mixture?  2 mixture


 3  How is crude oil separated?  3 fractional distillation


 4  Which process is used to break up hydrocarbons?  4 cracking


 5  What is added to help the reaction to break up hydrocarbons?  5 a catalyst


 6  Which process is used to make longer hydrocarbons?  6 polymerisation


 7  What is the chemical formula for ethene?  7 C2H4


 8 What is the general formula for alkenes?  8 CnH2n


 9  What is the general formula for alkanes?  9 CnH2n+2


10  What is the main environmental problem with most polymers? 10  they are not 


biodegradable


Chemistry Knowledge Booster 2: Bonding
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Carbon chemistry Answer


 1  Which hydrocarbons have only single bonds?  1 alkanes


 2  Which form of carbon is used in cutting tools?  2 diamond


 3  Which form of carbon is made up of sheets with giant molecular structures?  3  graphite


 4  Which hydrocarbons react with bromine solution to make it go colourless?  4  alkenes


 5  What type of molecule is made up of repeating monomers?  5  polymers


 6  Which two elements make up hydrocarbons?  6  carbon and 


hydrogen


 7  What type of bonding does methane have?  7  simple molecular 


covalent


 8  What useful materials are made by the polymerisation of hydrocarbons?  8 plastics


 9  What new branch of technology has come about from the 


Buckminsterfullerene form of carbon?


 9 nanotechnology


10  Are alkenes saturated or unsaturated compounds? 10 unsaturated


Reactions Answer


 1  Which salt would nitric acid and copper hydroxide make?  1  copper nitrate


 2  Which salt would sulfuric acid and sodium hydroxide make?  2 sodium sulfate


 3  Which ions form white precipitates with sodium hydroxide?  3 Al3+, Ca2+, Mg2+


 4  Which ions form coloured precipitates with sodium hydroxide?  4 Cu2+, Fe2+, Fe3+


 5  What is formed when ammonium ions react with sodium hydroxide?  5 ammonia


 6  What is the colour of the precipitate when iodide ions react with silver nitrate 


and dilute nitric acid?


 6 yellow


 7  What simple laboratory test can identify metal ions  7 fl ame tests


 8  What values are calculated in chromatography?  8 Rf


 9  Which solution can test for carbon dioxide?  9 limewater


10 What happens to copper carbonate when it is heated?  10  it decomposes and 


changes colour


Element symbols Answer


 1  What is the chemical symbol for carbon?  1  C


 2 What is the chemical symbol for calcium?  2 Ca


 3  What is the chemical symbol for copper?  3  Cu


 4  What is the chemical symbol for chlorine?  4 Cl


 5  What is the chemical symbol for sodium?  5 Na


 6  What is the chemical symbol for potassium?  6  K


 7  What is the chemical symbol for silver?  7  Ag


 8  What is the chemical symbol for iron?  8 Fe


 9  What is the chemical symbol for a fl uoride ion?  9 F−


10  What is the chemical symbol for a lithium ion? 10 Li+


Chemistry Knowledge Booster 2: Bonding
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Students that get at least a C grade:


• can use a wide range of keywords and know their defi nitions


• know the difference between similar words and defi nitions.


How to use the diagrams
1 Label the diagrams with the correct words.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


Match these labels to the correct letter in the diagram:


• Recycled nitrogen and hydrogen gas


• Reactor


• Nitrogen and hydrogen gas in


• Condenser


• Temperature of about 450°C


• Pressure of 200 atm


• Catalyst of iron


• Liquid ammonia


Chemistry Knowledge Booster 3a: 
The Haber Process
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Answers


Chemistry Knowledge Booster 3b: 
The Haber Process
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Students that get at least a C grade:


• can use a wide range of keywords and know their defi nitions


• know the difference between similar words and defi nitions.


How to use the diagrams
1 Draw the diagrams.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


Covalent bonding: sharing electrons
Draw dot-and-cross and structural diagrams for the following molecules.


Molecule Dot and cross Structural


Ammonia (NH
3
)


Water (H
2
O)


Hydrogen chloride (HCl)


Methane (CH
4
)


Chlorine gas (Cl
2
)


Chemistry Knowledge Booster 4a: 
Covalent Bonding
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Answers


Covalent bonding: sharing electrons
Molecule Dot and cross Structural


Ammonia (NH
3
)


Water (H
2
O)


Hydrogen chloride (HCl)


Methane (CH
4
)


Chlorine gas (Cl
2
)


Chemistry Knowledge Booster 4b: 
Covalent Bonding
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Chemistry Knowledge Booster 5: 
Create a Knowledge Booster


Use your exam specifi cation to write your own questions and answers. Use this 


sheet for revision and swap your questions with friends.


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer
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Rationale
Understanding key concepts in chemistry is essential for a learner to be able to 


explain processes and solve problems. Learners need to be able to understand 


and construct these concepts for themselves, identifying the important features, 


making links and being able to sequence an explanation. By engaging learners 


with some long-answer questions, teachers can try to improve their attempts. As 


learners do more of these, their understanding will improve and their confi dence 


will increase.


Activities
These activities aim to encourage learners to construct their own understanding 


of the key concepts. The activities are structured using key questions to answer, 


keywords to understand and statements to sequence. Once the concept has 


been tackled using the activity, learners can then apply their understanding to 


some long-answer questions. These are arranged with increasing demand: 


describe, explain and apply.


Suggested approaches
• Begin with a starter activity to establish current understanding.


• Towards the end of the topic use the activities to consolidate, review or 


revise.


• Use the activities for independent study in class or as homework.


Learners could be given the Concept Boosters as a homework activity, followed 


by a classroom activity of applying their knowledge and understanding to the 


long-answer questions or vice versa.


Note that the sequencing activity has no defi nitive answer, but it has to be logical.


An example marking scheme (adapted from the OCR Gateway mark schemes) is 


provided for the long-answer questions, but most of the points needed should be 


found on the Concept Boosters.


Extension activities
• Encourage learners to make their own Concept Boosters from a textbook 


or specifi cation.


• Choose concepts that cover large parts of the specifi cation.
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Chemistry Concept Boosters: Teacher Notes
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Chemistry Concept Boosters: Teacher Notes


Common mistakes
General mistakes


In long-answer questions, examiners often report that learners rewrite the 


question without actually answering it.


Many answers are not clear and concise or do not follow a logical sequence. 


Also, spelling, punctuation and grammar often let an answer down.


Fertiliser production


• Many candidates do not realise that there are two main steps – the Haber 


process and the reaction with acid to produce the salt.


• Candidates often fail to recall the conditions of the Haber process.


• Diffi culties are found in understanding reversible reactions, equilibrium and 


the purpose of recycling unused reactants.


Rates of reaction


• Many learners are unable to sequence logically the events that occur in a 


reaction: more energy, greater collisions, and more reactions.


• The measuring of rates of reaction through loss of reactants or gain in 


products is often poorly understood and not applied.


The Earth’s atmosphere


• Some learners do not understand that oxygen was produced by 


photosynthesis when plants evolved.


• A lot of knowledge is required for this topic, but it is easier to remember 


if candidates understand the processes involved in the changes of the 


atmosphere.


• Many learners cannot apply their knowledge to other planets, such as 


Mercury or Mars, even when provided with the factual information they 


need.


• Many learners think that the greenhouse effect is a negative phenomenon, 


whereas it is only problematic now that more carbon dioxide in the 


atmosphere is increasing global warming.


Electrolysis
• Many learners do not realise that the current in an ionic solution (or molten 


ionic compound) is moving ions.


• Few candidates recognise that molten ionic compounds can be separated 


using electrolysis.
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Chemistry Concept Booster 1a: 
Fertiliser Production


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• 200 
atmospheres


• 450°C
• ammonia
• continuous
• Haber process


• hydrogen
• industrial 


process
• iron catalyst
• liquefi es
• natural gas


• nitric acid
• nitrogen
• percentage yield
• pressure
• recycle


• reversible
• salts
• temperature
• unreacted


Sequencing
Put these phrases about the making of fertilisers into a logical sequence.


A Hydrogen is taken from natural gas and nitrogen is taken from the air.


B The use of nitrogen fertilisers is very important in growing crops.


C An iron catalyst increases the rate of the reaction.


D Unreacted nitrogen and hydrogen is recycled.


E The gases are compressed at high temperature in a reaction vessel.


F The ammonia is reacted with nitric acid to form ammonium nitrate.


G The ammonia that is formed condenses.


1 What is the Haber process?


2 Why is the Haber process useful for 


making fertiliser?


3 What is the word equation for the 


Haber process?


4 What conditions are needed to make 


ammonia?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 1b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Chemistry Concept Booster 1b: 
Fertiliser Production


Use Concept Booster 1a to help you practise answering questions. Students who get at 


least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the major stages in the manufacture of ammonium nitrate from nitrogen and 


hydrogen. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain how high temperature and high pressure affects the rate of reaction of hydrogen 


and nitrogen to make ammonia. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Describe how the factors used (high temperature, high pressure, catalyst, recycling 


reactants) in the Haber process affect the cost of the ammonia produced. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Chemistry Concept Booster 2a: 
Rates of Reaction


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• activation 
energy


• catalyst
• cm3/s or 


cm3/min
• collide
• concentration


• decrease
• energy
• frequency
• g/s or g/min
• gas
• increase
• liquid


• particles
• pressure
• product
• rate of reaction
• reactant
• reaction
• solid


• solutions
• speed
• surface area
• temperature
• time


Sequencing
Put these phrases about rates of reaction into a logical sequence.


A This minimum amount of energy is called the activation energy.


B The particles collide more frequently and more energetically.


C This increases the rate of the reaction.


D When the temperature of the reactants is increased the particles move faster.


E The particles only react when they collide with enough energy.


F Chemical reactions happen when two particles collide.


G The rate can also be increased if the surface area is increased.


1 What is a rate of reaction?


2 Give some examples of slow chemical 


reactions?


3 What factors can increase the rate of 


a reaction?


4 What are catalysts?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 2b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Chemistry Concept Booster 2b: 
Rates of Reaction


Use Concept Booster 2a to help you practise answering questions. Students who get at 


least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the ways in which the reaction between hydrochloric acid and calcium carbonate 


chips could be increased. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain why the reaction between magnesium and hydrochloric acid is faster when the 


acid is warmed to 40°C. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain why food cooks faster in a pressure cooker. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Chemistry Concept Booster 3a: 
Evolution of the Earth’s Atmosphere


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• 200 million 
years


• ammonia
• atmosphere
• calcium 


carbonate


• carbon dioxide
• deforestation
• dissolve
• evaporate
• farming
• fossil fuels


• methane
• noble gases
• ocean
• photosynthesis
• plants
• pollution


• sedimentary 
rock


• vapour
• volcanic activity
• water


Sequencing
Put these phrases about the evolution of the Earth’s atmosphere into a logical sequence.


A Carbon dioxide and only a little oxygen formed the early Earth’s atmosphere.


B Also it has small amounts of carbon dioxide, water vapour and noble gases.


C The carbon dioxide became locked up in sedimentary rocks and in fossil fuels.


D When plants evolved they released oxygen into the atmosphere.


E In the fi rst billion years on Earth, volcanoes released gases and water vapour.


F Today the Earth’s atmosphere is about 80% nitrogen and 20% oxygen.


G The burning of fossil fuels is increasing the amount of carbon dioxide in the 


atmosphere.


1 What were the main gases in the 


Earth’s early atmosphere?


2 What are the main gases in the Earth’s 


atmosphere today?


3 What were the conditions on the early 


Earth like?


4 Why did oxygen start to form in the 


atmosphere?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 3b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Use Concept Booster 3a to help you practise answering questions. Students who get at 


least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the differences between the early Earth’s atmosphere and the atmosphere today. 


(6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the main reasons why the Earth’s atmosphere has changed since the Earth was 


formed. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Suggest why Venus, which has the same atmosphere as the early Earth, has not evolved 


in the same way. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Chemistry Concept Booster 3b: 
Evolution of the Earth’s Atmosphere
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Chemistry Concept Booster 4a: Electrolysis


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• anion
• anode
• aqueous solution
• breakdown
• cathode
• cation
• chlorine


• copper
• copper sulfate
• current
• decompose
• electrodes
• electrons
• electroplating


• hydrogen
• ions
• lead bromide
• molten
• negative electrode
• oxidation
• positive electrode
• purifi cation


• reactivity
• reduction
• sodium
• sodium chloride
• sodium hydroxide
• sodium sulfate
• solution


Sequencing
Put these phrases about electrolysis into a logical sequence.


A Sodium chloride solution decomposes into chlorine and hydrogen.


B The compound breaks down into its elements.


C The negative ions move to the positive electrode.


D Chlorine gas is released at the positive electrode and hydrogen at the negative electrode.


E The positive ions move to the negative electrode.


F By passing an electric current through a solution or molten ionic compound.


G Sodium hydroxide solution is made.


1 What is electrolysis?


2 Which types of substance can be 


broken down by electrolysis?


3 What happens at each electrode 


during electrolysis?


4 List some examples of manufacturing 


processes that use electrolysis.


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 4b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Chemistry Concept Booster 4b: Electrolysis


Use Concept Booster 4a to help you practise answering questions. Students who get at 


least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe what electrolysis can do to sodium chloride solution. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Sodium chloride solution can be separated by electrolysis. Explain why chlorine gas is 


released at the positive electrode. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain which products are formed when copper(II) sulfate solution undergoes electrolysis. 


(6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Topic: __________________________________


Make your own Concept Booster by using a specifi cation, a GCSE textbook or 


GCSE website to help you if you need it. Use it for revision.


Students that get a grade C or more can describe key concepts and processes. 


They can also use a range of keywords to explain concepts and processes.


Questions
Write four key questions.


1  ....................................................................................................................


2  ....................................................................................................................


3  ....................................................................................................................


4  ....................................................................................................................


Keywords
Identify the keywords.


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


Sequencing
Write an explanation with phrases in a logical sequence.


A  ....................................................................................................................


B  ....................................................................................................................


C  ....................................................................................................................


D  ....................................................................................................................


E  ....................................................................................................................


F  ....................................................................................................................


G  ....................................................................................................................


H  ....................................................................................................................


Chemistry Concept Booster 5a: 
Create a Concept Booster
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Chemistry Concept Booster 5b: Suggested Mark 
Criteria Grid for Long-answer Questions


Use this mark grid, adapted from an examiner’s mark scheme, to give yourself a 


mark for your answers.


5–6 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� All key points are given in detail.


� All information in answer is relevant and clear.


� All information is organised and presented in a logical way.


� Keywords or phrases are used appropriately.


� Few, if any, errors in grammar, punctuation and spelling.


3–4 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� Most key points are mentioned; one or two may be missing.


� Most information in answer is relevant and clear.


� Most information is organised and presented in a logical way.


� Most keywords or phrases are used appropriately.


� There are occasional errors in grammar, punctuation and spelling.


1–2 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� One or two key points are mentioned.


� Answer is unclear, or irrelevant information is provided.


� Most information is not organised and presented in a logical way.


� Limited use of the keywords and phrases.


� There are several errors in grammar, punctuation and spelling.


0 Marks
� Ignores command word


� Insuffi cient or irrelevant science.


What will you do to improve next time?
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Rationale
Understanding experimental design and scientifi c methods in chemistry is 


essential for a learner to be able to think scientifi cally. Learners need to be able to 


identify features of experiments that are strengths or limitations, interpret data and 


use evidence to form conclusions.


Activities
These activities aim to encourage learners to apply their understanding of scientifi c 


method to a range of activities to help them gain confi dence in areas that often 


cause learners problems. These focus on understanding experiments, analysing 


charts and graphs and fi nally look at some key calculations that are often 


troublesome for learners.


Suggested approaches
There are three types of task: explaining experiments, understanding graphs and 


charts, and key calculations.


Explaining experiments


Experiment Booster 1a can be used for any experiment that is described. 


Experiment Booster 1b has hints to help learners know what to look for. These 


can be used with Experiment Booster 1c. The 1a and 1b scaffolds can be applied 


to analyse any experimental design.


Understanding graphs and charts


Experiment Booster 5 can be used for any chart or graph as a scaffold to 


understand it. Examples include: line graphs (focus on metal recycling) in 


Experiment Booster 2a, bar charts (focus on fuels) in Experiment Booster 2b, and 


pie charts (focus on the atmosphere) in Experiment Booster 2c.


Experiment Booster 3a has a special focus on energy diagrams that often present 


diffi culties for learners. Answers for learners are provided in Experiment Booster 


3b.


Key calculations


Experiment Booster 4a concentrates on the calculation of percentage mass. 


Experiment Booster 4b provides some examples for practice in calculating 


the mean. Finally, a task on units commonly used in chemistry is the focus of 


Experiment Booster 4c.


Chemistry Experiment Boosters: Teacher Notes
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Chemistry Experiment Boosters: Teacher Notes


Extension activities
Try a variety of past exam questions using Experiment Booster 1a: Explaining 


Experiments.


Common mistakes
Explaining experiments


• Candidates often have problems identifying variables as independent, 


dependent or control.


• They have trouble stating aims, hypotheses or predictions.


• They have trouble articulating whether an experiment is reliable, accurate or 


precise.


Understanding graphs and charts


Candidates often have trouble interpreting graphs, specifi cally:


• reading values from a graph


• identifying trends or patterns in data


• describing trends in data clearly (change, direction, and by how much)


• applying science to conclusions.


Energy diagrams


These are notoriously diffi cult for learners at C grade. Candidates often do not 


recognise that the x axis represents the pathway of a reaction, so it should always 


start with reactants. The relative position of the products tells them whether it is 


exothermic or endothermic.


Key calculations


Candidates regularly lose marks because they cannot calculate the mean of 


results. Also, learners often have diffi culty calculating percentage mass.
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Students that achieve a grade C or more can:


• identify variables: independent, dependent and control


• make a hypothesis or prediction


• understand reliability, accuracy and precision


• suggest relevant improvements to an experiment.


To help you understand experiments, use this table to identify the features of an 


experiment. For some sections the information may not be available. These can 


be used to help identify improvements.


List all the variables in the experiment:


The independent variable: The dependent variable:


The aim, hypothesis or prediction:


Is there a control? If so, what is it and why is it used?


Comment on the reliability: Comment on the accuracy: Comment on the precision:


The experiment could be improved by:


Chemistry Experiment Booster 1a: 
Explaining Experiments
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This sheet will help you to complete Experiment Booster 1a if you get stuck.


List all the variables in the experiment:
Variables are the factors that could affect the investigation or experiment, for example time, temperature, 


pH, mass, length.


The independent variable:
The variable that is being investigated.


The variable that the experimenter changes.


The dependent variable:
The variable that is measured or observed.


The variable that the experimenter fi nds out.


The aim, hypothesis or prediction:
What is the experiment trying to fi nd out?


What is expected to happen and why?


Is there a control? If so, what is it and why is it used?
A control is used to check that only one variable is having the effect, for example in medical trials a 


placebo is used to ensure that any changes are the result of the actual active ingredient and not just the 


psychological effect of taking a tablet.


Comment on the reliability:
How many times was the 


experiment repeated?


The more times, the more reliable.


Comment on the accuracy:
How close is the measurement to 


the true value?


What equipment was used to 


make measurements?


Electronic measurements 


are more accurate than 


measurements made by humans.


Comment on the precision:
Was the data precise enough to 


form a valid conclusion?


Were the readings close enough 


together?


Does the data tell you what you 


wanted to know?


The experiment could be improved by:
Think about the methods and apparatus used. Could it be better? How?


Are the results reliable? Could it benefi t from being repeated?


Are the results accurate? Could better measurements be taken? How?


Are the results precise? Could it benefi t from more measurements, are they close enough together, does 


the data tell you what the experiment was looking for?


Chemistry Experiment Booster 1b: 
Explaining Experiments Support Sheet
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Students that achieve a grade C or more can:


• understand reliability, accuracy and precision


• suggest relevant improvements to an experiment.


Use Experiment Booster 1a to help you understand this experiment.


Sodium thiosulfate experiment
Sodium thiosulfate reacts with hydrochloric acid to make a precipitate. This makes the 


solution go cloudy.


These are the instructions that some students were given to investigate the effect of 


temperature on the rate of reaction.


Questions
How could the following aspects of this experiment be improved?


1 Reliability.


2 Accuracy.


3 Precision.


1 Investigate the rate of reaction at these temperatures: 0°C, 10°C, 20°C, 


30°C and 40°C.


2 Put 40cm3 of sodium thiosulfate and 10cm3 of hydrochloric acid in 


separate fl asks.


3 Put them in a water bath at the required temperature.


4 Draw a cross on a piece of paper.


5 Place a conical fl ask on the cross.


6 Pour the sodium thiosulfate and hydrochloric acid into the conical fl ask.


7 Start the stop watch.


8 Stop the stop watch when you can no longer see the cross.


9 Record the time taken for the cross to disappear.


10 Repeat for each temperature.
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Students who get a grade C or more can:


• analyse line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5a on the CD to understand the graph, then answer the 


questions underneath the graph.


Selected materials recycled as a percentage of consumption (1984–2002)


Questions
1 Between 1984 and 2002, which materials have:


a Increased in recycling overall?


b Decreased in recycling overall?


c Shown no change in recycling overall?


2 Which material has shown the greatest change in recycling? (Note: state the 


material, the change, the direction and by how much.)


3 Which material has the most varied recycling?


4 Which material has the highest percentage recycled in the UK? What is its highest 


percentage during this time?


5 What is the overall trend of recycling materials between 1984 and 2002?


6 Suggest reasons for the relationship between the trends of recycling of different 


materials.


Chemistry Experiment Booster 2a: 
Understanding Line Graphs
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Students who get a grade C or more can:


• analyse bar charts


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5a on the CD to understand the graph, then answer the 


questions underneath the graph.


Comparing the amount of energy of fi ve different fuels


Questions
1 Which fuel:


a Releases the most energy when burnt?


b Releases the least energy when burnt?


2 Compare the amount of energy produced:


a Wood and hydrogen?


b Petrol and wood?


c Petrol and coal?


 (Note: state the direction and by how much.)


3 Suggest why hydrogen is not used as our main source of fuel in homes and cars.


Chemistry Experiment Booster 2b: 
Understanding Bar Charts
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Students who get a grade C or more can:


• analyse pie charts


• describe trends or relationships between variables


• take accurate readings from charts.


Use Experiment Booster 5a on the CD to understand the charts, then answer the 


questions underneath the charts.


Percentage of gases in Earth’s early atmosphere and in the atmosphere today


Questions
1 Compare the pie charts. (Note: use similarities and differences; state how they are 


different using numbers.)


2 Explain the differences in:


a water vapour


b oxygen


c carbon dioxide


d nitrogen.


Chemistry Experiment Booster 2c: 
Understanding Pie Charts
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Students who get a grade C or more can:


• analyse and interpret charts and diagrams


• take accurate readings from charts.


Understanding energy level diagrams
Complete this table to help you to understand the energy changes that occur 


during reactions


Bonds… Energy is… Temperature…


Exothermic


Endothermic


Now complete this sheet with keywords; see Experiment Booster 3b for help.


Exothermic reaction


Endothermic reaction


Chemistry Experiment Booster 3a: 
Understanding Energy Level Diagrams


reactants


products


ΔH


energy (kJ)


time


reactants


products


ΔH
energy (kJ)


time


In an exothermic reaction the __________ have 


more energy than the ___________.


This means that ΔH is ______________.


The difference in energy is __________ as heat.


The temperature of the products 


increases/decreases.


In an endothermic reaction the _________ have 


more energy than the __________.


This means that ΔH is ______________.


The difference in energy is __________ from 


the surroundings.


The temperature of the products 


increases/decreases.
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Answers


Understanding energy level diagrams
Bonds… Energy is… Temperature…


Exothermic are made let out (released) increases


Endothermic are broken taken in (absorbed) decreases


Exothermic reaction


Endothermic reaction


Chemistry Experiment Booster 3b: 
Understanding Energy Level Diagrams


reactants


products


ΔH


energy (kJ)


time


reactants


products


ΔH
energy (kJ)


time


In an exothermic reaction the reactants have 


more energy than the products.


This means that ΔH is negative.


The difference in energy is released as heat.


The temperature of the products increases.


In an endothermic reaction the products have 


more energy than the reactants.


This means that ΔH is positive.


The difference in energy is taken in from the 


surroundings.


The temperature of the products decreases.
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Students who get a grade C or more can:


• calculate percentages


• calculate the percentage mass of an element in a compound.


Atomic mass of elements


H C O Mg Na Cl


1 12 16 23 24 35.5


Calculating percentage mass
1 Percentage of carbon in carbon monoxide (CO).


Working:


Answer: _____________________ Unit: ______________


2 Percentage of sodium in sodium chloride (NaCl).


Working:


Answer: _____________________ Unit: ______________


3 Percentage of magnesium in magnesium oxide (MgO).


Working:


Answer: _____________________ Unit: ______________


4 Percentage of carbon in carbon dioxide (CO
2
)


Working:


Answer: _____________________ Unit: ______________


5 Percentage of hydrogen in water (H
2
O).


Working:


Answer: _____________________ Unit: ______________


Chemistry Experiment Booster 4a: 
Key Calculations – Percentage Mass
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Chemistry Experiment Booster 4b: 
Key Calculations – Calculating the Mean


Students who get a grade C or more can calculate the average, or mean, from a set of 


results.


The mean is calculated by adding up each result, then dividing this total by the number of 


results taken.


Worked example
One gram of crushed coal was burnt to fi nd out how much heat energy was released. The 


experiment was repeated three times. Calculate the mean energy released by one gram of 


coal.


Repeat 1 Repeat 2 Repeat 3


Energy released (kJ) 25 21 26


Average =
  


Sum of the results


Number of results


Working:   =  = 24
  


25 + 21 + 26


3   


72


3


Mean: ________24________ Unit: ________kJ________


Calculation 1
The yield of magnesium oxide was measured by reacting magnesium in oxygen.


Repeat 1 2 3 4 5


Mass of magnesium oxide (g) 2.52 2.64 2.68 2.76 1.99


Working: 


Mean: __________________ Unit: __________________


Calculation 2
The volume of oxygen gas produced when a catalyst was added.


Repeat 1 2 3 4


Volume of oxygen gas (cm3) 3.2 3.1 3.2 3.4


Working: 


Mean: __________________ Unit: __________________
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Chemistry Experiment Booster 4c: 
Key Calculations – Units in Chemistry


Students who get a grade C or more can use units appropriately.


For each of the situations below, select the appropriate units from this list:


• %
• cm
• cm3


• days
• m2


• g
• g/cm3


• h
• kJ
• l


• m
• minutes
• mm
• mm2


• °C


• s
• years


1 Measuring the length magnesium ribbon _______


2 Time for a nail to rust _______


3 Energy from an exothermic reaction _______


4 Volume of hydrochloric acid to react with sodium thiosulfate _______


5 Measuring the temperature of a solution _______


6 Time taken for copper sulfate to dissolve in water _______


7 Percentage mass of carbon in carbon monoxide _______


8 Volume of substrate for an enzyme to act upon in industry _______


9 Density of sodium _______


10 Volume of liquid collected from a laboratory distillation _______


11 Distance travelled by a solvent front in chromatography _______


12 Amount of energy in 100g of a food _______


13 Proportion of oxygen in the air _______


14 Size of a crystal in granite _______


15 Distance moved by the plates along the mid-Atlantic ridge _______


16 Density of pumice rock _______


17 Area of fi eld in which fertilisers are tested _______


18 Amount of sodium chloride in a solution _______


19 Surface area of a catalyst _______


20 Time taken for limestone to weather _______
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Students who get a grade C or more can:


• analyse bar charts, histograms, pie charts and line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


This task will help you to improve these skills.


What type of graph or chart is it?
� Bar chart


� Histogram


� Line graph


� Pie chart


� Table of results


Identify the independent variable(s):


Identify the dependent variable(s):


What does the graph show?


What are the relationships or trends between the variables (if any)?


Are there any anomalous results? 
Explain them.


How close together are the measurements? 
State the intervals.


Could these be improved?


What conclusions can be made from the evidence in the graph or chart?


Chemistry Experiment Booster 5: 
Understanding Graphs and Charts
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Rationale
Learners need to be able to understand controversial issues and be able to 


present an argument. These activities encourage learners to present different 


views and use evidence to make a decision.


Activities
These activities aim to encourage learners to use information to identify 


advantages and disadvantages of technologies, develop arguments from a social, 


economic, environmental or ethical viewpoint and discuss a controversial issue. 


Argument Booster 5 can be applied to most controversial issues and can be used 


as a scaffold to identify the key features of a debate.


Suggested approaches
These can be used as a starter activity to establish current understanding, 


towards the end of a topic to consolidate, review or revise, for independent study 


in class or as a homework activity.


Argument Booster 5 should be used as the scaffold when reading information on 


the main Argument Boosters; the exam-style questions can then be used to apply 


this information.


Follow up with past exam questions.


Extension activities
Encourage learners to develop a summary of each controversial issue for revision.


Common mistakes
Candidates often fail to identify the type of argument or viewpoint. If asked to 


argue from an economic perspective, candidates often draw on a range of 


arguments, so losing marks.


Plastics


• Candidates often have diffi culty applying their knowledge and understanding 


to a new situation.


• Candidates often think that plastics themselves are poisonous or toxic, 


rather than the physical effects of, in this case, ingesting plastic particles.


• Candidates do not always appreciate that scientists cannot know long-term 


effects when new events are observed.


Chemistry Argument Boosters: Teacher Notes
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Hydrogen as a fuel


• Candidates can confuse fuel-cell electrolysis with electrolysis used to extract 


or split up solutions or ionic compounds.


• Students often think that a fuel-cell car will use petrol as well, or will have an 


engine exactly like a petrol or diesel car.


Quarrying for limestone


This task highlights a range of viewpoints, but the learner must ensure that they 


focus on the economic arguments in the second question and the environmental 


issues for the third question.


Nanomaterials


• Candidates often have diffi culty applying their knowledge and understanding 


to a new situation.


• Many candidates do not recognise social viewpoints as easily as economic 


and environmental issues. This task supports the development of this skill.
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Chemistry Argument Boosters: Teacher Notes
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Advantages and Disadvantages of Plastics
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


• demonstrate good understanding of the benefi ts and risks of scientifi c advances, 


and identify ethical issues related to these.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this report and then complete Argument Booster 1b.


The plastic-soup sea


We often see plastic bottles and plastic carrier bags fl oating in the sea and 


being washed up on to our beaches. Microscopic plastic particles also litter 


our oceans and can cause big problems for sea life.


Plastics are cheap, lightweight and very easy to mould into shape for many 


uses. Their use has increased over the past 50 years. Small fragments appear 


as plastics break up, breakdown or as part of the manufacturing process. 


These get into the sea and accumulate around coasts; it is a particular 


problem in the Pacifi c Ocean.


About 80% of plastics in the ocean are ‘microplastics’ (>1mm). Scientists 


have found that these microplastic particles are being eaten by sea animals. 


The particles have been found inside mussels, which are eaten by fi sh, 


seabirds and whales. At the moment scientists do not know what effect these 


particles may have on the health of the animals that eat them.


When plastics breakdown they release toxic chemicals or they can 


concentrate harmful chemicals. These chemicals can be fatal to marine 


wildlife. These chemicals may also have harmful effects on human health.
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


• demonstrate good understanding of the benefi ts and risks of scientifi c advances, 


and identify ethical issues related to these.


Question 1 (Describe)
Describe the advantages and disadvantages of using plastics. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the environmental reasons for changing our use of plastics. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Explain why scientists do not know the effects of microplastic particles. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Chemistry Arguments Booster 1b: 
Advantages and Disadvantages of Plastics
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this information and then complete Argument Booster 2b.


Chemistry Argument Booster 2a: 
Hydrogen as a Fuel


Hydrogen fuel cells


Hydrogen fuel cells in cars could replace petrol engines in the future. Fuel cells 


are far less complicated than petrol engines. They are simple, do not require 


high temperatures to work and produce only water vapour as waste.


Hydrogen fuel cells are very heavy and have to be placed in a car so that 


it is balanced. The fuel cell uses electrolysis to join oxygen and hydrogen, 


producing energy and water.


Hydrogen fuel cells are more expensive to produce than petrol engines at the 


moment.


Hydrogen gas


There is very little hydrogen in the air, so all hydrogen has to be extracted. This 


can be done through electrolysis.


Electrolysis requires electricity and most methods of electricity generation 


produce carbon dioxide. If electricity is generated using renewable resources, 


no carbon dioxide is produced.


Hydrogen gas is highly fl ammable, so storage in cars could be dangerous. 


Also, hydrogen is a light gas, which can leak from containers very easily.
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of using hydrogen fuel cells in cars. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write the argument for using hydrogen fuel cells in cars based on the economic issues. 


(6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Discuss whether hydrogen fuel cells in cars will take over from petrol engines in the next 


century. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Chemistry Argument Booster 2b: 
Hydrogen as a Fuel
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read the arguments below for information and then complete Argument Booster 3b.


Chemistry Argument Booster 3a: 
Quarrying for Limestone


A large national park is on limestone rock. A company wishes to build a 


quarry to get the limestone to sell. This would involve using explosives to 


break up the rock and create a big crater in the countryside.


Company director


My company will be able to supply the cement and glass industries in the 


local area. It will bring lots of jobs to this area. The area affected is only 1% of 


the whole national park.


Village shop owner


It will bring more people here. It will be good for business.


Mother of young family


I’m worried about all the large trucks bringing limestone through the village. 


The explosions will be noisy too. It will keep my kids awake. It will be very 


dusty too.


National park warden


It is going to destroy the habitats of insects, plants and animals. The area will 


never recover.


06-Chemistry Argument Boosters.indd   5906-Chemistry Argument Boosters.indd   59 04/09/2012   14:2504/09/2012   14:25







60 © Badger Learning


Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of quarrying for limestone. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write an argument for the environmental issues against quarrying for limestone. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Discuss whether it can be justifi ed to quarry for limestone in a national park. Justify your 


conclusion. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Chemistry Argument Booster 3b: 
Quarrying for Limestone
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this short report and then complete Argument Booster 4b.


Chemistry Argument Booster 4a: 
Nanomaterials


Nanoparticles are molecules that have been developed by scientists to have 


specifi c useful properties. They are a new technology that is being used in 


cosmetics and is being developed in food and medicine. Nanotechnology is 


already being used successfully in food. It has many uses, including:


• new tastes, fl avours and textures of food


• increasing nutritional value


• keeps food fresher for longer


• can detect harmful microbes in food


• can be used in intelligent packaging.


Scientists are working to develop new food that has improved nutritional value 


and packaging that contains sensors for harmful microbes. This could reduce 


food wastage, improve nutrition, and help decrease obesity, high blood 


pressure and diabetes.


We do not know yet if nanoparticles dissolve. Therefore, we do not know 


whether they stay in the gut or are absorbed normally. There are concerns 


that nanoparticles could be harmful if they get into the bloodstream. The toxic 


effect of most nanoparticles is not known. They may be perfectly safe, but 


they could have unknown effects on the body.
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Chemistry Argument Booster 4b: 
Nanomaterials


Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of using nanotechnology in food production. 


(6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write an argument about the social issues of developing nanotechnology in food 


production. (6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Discuss this statement and justify your conclusion: ‘We do not know enough about the 


health effects of nanoparticles, so we should not use them in food or medicine at all.’ 


(6 marks)


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Chemistry Argument Booster 5: 
Controversial Issues


Topic area: _________________________________________


Fill in as much information as you can; you may not have enough for all the boxes.


What is the controversial issue?


What are the advantages? What are the disadvantages?


Environmental arguments: Economic arguments:


Social arguments: Ethical and religious issues:


Opinions: Facts or evidence:


Your view/thoughts:


Use the suggested mark criteria on page 38 to mark your answers.
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Contents on CD
All of the Boosters are available on the CD. 


Editable content
Editable Boosters are included for teachers and students to make their own tasks based on their 


examination specifi cation. They are:


• Knowledge Booster 5: Create a Knowledge Booster


• Concept Booster 5a: Create a Concept Booster


• Experiment Booster 1a: Explaining Experiments


• Experiment Booster 1b: Explaining Experiments Support Sheet


• Experiment Booster 5: Understanding Graphs and Charts


• Argument Booster 5: Controversial Issues
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Introduction


The importance of a C grade in science or biology cannot be underestimated. 


Learners who leave school with at least a C grade in science or biology have 


far more career opportunities open to them. This benchmark of success, along 


with other qualifi cations, can support learners not just with the next step in their 


education but also their future careers. Anything that teachers can do to support 


learners in achieving this grade should be done.


There are, of course, other infl uences that may motivate teachers to encourage 


the number of C grades in a cohort. Schools are under pressure to maximise the 


number of C grades in order to meet government-imposed targets. However we 


might feel about these targets, C grades remain currency for success in further or 


higher education and in many careers.


This book is a collection of activities that aims to improve learners’ knowledge, 


understanding and confi dence to achieve at least a grade C. These activities 


could be used as part of intervention lessons, as homework activities with class 


work follow-up, within lessons as part of a scheme of work or for focused revision 


sessions.


These activities have been developed by consulting the examiners’ reports 


from the past fi ve years and prioritising the most common mistakes in learners’ 


responses to examination questions. The focus of the tasks is on the knowledge, 


understanding and skills required for the ‘standard’ questions (up to grade C), 


each with a focus on the most common mistakes.


As with all teaching resources, how the teacher integrates the resource into their 


teaching is essential to its success. Motivated learners may be able to take these 


tasks home, try them and improve their own knowledge, understanding, skills and 


confi dence. However, on the whole, teachers need to use their motivational skills 


to engage learners with the resource and provide effective feedback. Each activity 


has notes for teachers with guidance and ideas.


I have thought carefully about the selection and design of these tasks. I hope that 


you fi nd them a useful addition to your teaching resources.


Andrew Grevatt
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What Does a C Grade in Biology Look Like?


The grade descriptors published by GCSE examination specifi cations can be 


analysed to help understand what knowledge, understanding and skills are 


expected to achieve a C grade.


The grade descriptor states that candidates should: ‘demonstrate a good overall 


knowledge and understanding of science content and how science works, and of 


the concepts, techniques and facts across most of the specifi cation’.


Knowledge
• Demonstrate knowledge of technical vocabulary and techniques and use these 


appropriately.


• Use this knowledge, together with information from other sources, to help plan 


a scientifi c task, such as: a practical procedure, testing an idea, answering a 


question or solving a problem.


• Describe how, and why, decisions about uses of science are made in some 


familiar contexts.


Understanding
• Demonstrate an awareness of how scientifi c evidence is collected and an 


awareness that scientifi c knowledge and theories can be changed by new 


evidence.


• Use and apply scientifi c knowledge and understanding in some general 


situations.


• Explain how, and why, decisions about uses of science are made in some 


familiar contexts.


• Demonstrate good understanding of the benefi ts and risks of scientifi c 


advances and identify ethical issues related to these.


Skills
• Demonstrate communication and numerical skills appropriate to most 


situations.


• Carry out practical tasks safely and competently, use equipment 


appropriately and make relevant observations appropriate to the task.


• Use appropriate methods for collecting fi rst-hand and secondary data, interpret 


the data appropriately and undertake some evaluation of the methods used.


• Present data in ways appropriate to the context.


• Draw conclusions consistent with the evidence that has been collected and 


evaluate how strongly this evidence supports these conclusions. 
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These tasks have been designed by building on what we know about the 


common diffi culties faced by learners doing ‘standard’ questions in examinations 


within a framework based on learning theories.


The theoretical framework is based on Bloom’s Taxonomy of Educational 


Objectives. If you look at the grade descriptors for grade C, you will fi nd that 


they fi t within the ‘Application’ part of Bloom’s taxonomy. In fact, in the broadest 


sense, examination grades can be correlated with Bloom’s taxonomy domains.


Bloom’s Cognitive Domain Examination Grades Simple Descriptors


Synthesis A* Synthesise


Evaluation A Evaluate


Analysis B Analyse


Application C Explain


Comprehension D Describe


Knowledge E Identify


The tasks in this book have been developed using these principles. Learners who 


have good knowledge and comprehension, and are able to apply these in familiar 


situations, are likely to achieve at least a C grade.


So, these tasks have been designed to support knowledge, comprehension and 


application of GCSE science. The Knowledge Boosters support knowledge and 


comprehension; these will increase learners’ confi dence in the keywords and 


defi nitions. The Concept Boosters build on that knowledge and comprehension 


to encourage application of knowledge and understanding; these can be used as 


a task on their own or followed by the exam-style questions that are of increasing 


demand – Describe, Explain, Apply. The Experiment Boosters encourage analysis 


of experiments, highlighting common issues and developing the skills required for 


achieving grade C. The Argument Boosters provide knowledge and encourage 


the development of and confi dence in comprehension and application skills; like 


the Concept Boosters, these have exam-style questions of increasing demand.


There is increasing interest in and use of SOLO taxonomy (Structure of Observed 


Learning Outcomes) in the UK. The Boosters aim to support pre-structural, 


unistructural and multistructural stages of the SOLO taxonomy.


How the Tasks Have Been Developed
In
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d
u
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tio


n


9
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Past examination papers and reports can be scrutinised to help students 


understand the skills required to answer examination questions. Understanding 


such skills can encourage learners to maximise their marks.


General problem areas
Written answers


• Often excessively verbose.


• Repeat the question with no answer.


• Make the same point more than once.


• Make contradicting statements.


• Do not pay attention to the stem of a question.


Data analysis


• Incorrect reading of graphs and charts.


• Mathematical weaknesses in calculations.


• Limited ability to apply knowledge to a new situation.


• Incorrect application of concepts of reliability, accuracy and validity.


Specifi c problem areas
Knowledge and understanding


• Confusion between causes and effects of environmental issues: the 


greenhouse effect, the ozone layer and acid rain.


• Uncertainty between types of microbe, in particular bacteria and viruses, the 


medical treatment of them and their relative size.


• Muddling up the position or function of the main body organs, in particular 


the pancreas and liver.


• Incorrect identifi cation of the structure of animal and plant cells, in particular 


the cell wall and cell membrane.


• Matching body senses with stimuli and receptors.


• The effects of specifi c legal and illegal drugs.


Problem Areas in Biology
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Problem Areas in Biology


Application


• The process of natural selection, often missing that the offspring have to 


survive to breed.


• The process of respiration in exercise, in particular the effects on body 


systems.


• How photosynthesis varies with environmental conditions, in particular the 


limiting factors.


• The principles of refl ex actions and how they apply to new situations.


• Application of the effects of digestive enzymes to experimental situations.


• How scientifi c ideas develop and are accepted, in particular Darwin’s theory 


of natural selection.
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Months before
� Learn the keywords of each topic and their defi nitions: use Knowledge Boosters.


� Identify key concepts and learn them: use Concept Boosters.


� Identify the key experiments: use Experiment Boosters.


� Identify the key issues: use Argument Boosters.


� Make a summary revision sheet for each topic.


� Practise past exam questions regularly.


� Ask for help if you do not understand a specifi c area.


Weeks before
� Make sure you know when and where the exam is.


� Make sure you know which topics the exam covers.


�  Go back to the exam specifi cation and the textbook to identify keywords, key 


concepts, key experiments and key issues.


� Make sure you can spell most keywords.


The day before
� Double check the time and location of the exam.


� Read through all your summary notes.


� Self-test on the areas you fi nd diffi cult.


� Pack your exam kit: pencil, pen, ruler, calculator etc.


� Eat well and get an early night.


In the exam
� Read the question carefully – note the stem word of a question.


� If writing, write clearly.


� Do not waffl e; write clearly and concisely.


� If you make a mistake, cross it out and write the correct answer clearly.


Exam Preparation Checklist
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I Can Get a Grade C Checklist


If you can do most of these things, it is likely that you can achieve a C grade in 


science examination papers.


General
� In a topic I can state the meanings of most keywords.


� In a topic I can spell most keywords.


� In a topic I can explain most key concepts.


� In a topic I can describe the key experiments or investigations.


� In a topic I can describe the main arguments of key issues.


Experiments and investigations
� I can identify variables as independent, dependent and control.


� I can state the aims, hypothesis or prediction.


� I can explain if an experiment is reliable and suggest improvements.


� I can explain if an experiment is accurate and suggest improvements.


� I can explain if an experiment is precise and suggest improvements.


� I can make a conclusion from charts and graphs based on scientifi c ideas.


Tables, graphs and numbers
� I can calculate an average.


� I can calculate a percentage.


� I can present numbers as percentages, ratios, fractions and probabilities.


� I can identify patterns or trends in data in a table, chart or graph.


� I can use decimal places and appropriate signifi cant fi gures.


� I can calculate the areas, perimeters and volumes of simple shapes.


Arguments
� I can identify the advantages and disadvantages of a new technology.


� I can identify opinions and facts in an argument.


� I can identify and suggest environmental arguments.


� I can identify and suggest economic arguments.


� I can identify and suggest social arguments.


� I can identify and suggest ethical arguments.


� I can suggest why some scientifi c theories took time to be accepted.


Communication
� I can describe trends in data clearly (change, direction and by how much).


� I can explain scientifi c ideas in a logical sequence.


�  I can answer a question from the command word, for example describe, 


explain, discuss.


� I can write a relevant and clear answer to a question.


� I can write using mostly correct grammar, punctuation and spelling.
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Linking Activities to Examination Specifi cations


AQA EDEXCEL OCR B


Knowledge Booster 1:


Humans and the Environment


B1b 11.8 B2 3 B2 bcd


Knowledge Booster 2: 


Microbes and Disease


B3 13.5, 13.6, 13.7 B1 3.10–3.15


B3 1.20, 3.2


B6 abc


Knowledge Booster 3: 


Human Body Systems


B3 13.1 B2 3 B5 e


Knowledge Booster 4: 


Cell Diagrams


B2 12.1 B2 1 B3 a


Knowledge Booster 5: 


Create a Knowledge Booster


Any Any Any


Concept Booster 1: 


Evolution by Natural Selection


B1b 11.7 B1 1.2 B2 ef


Concept Booster 2: 


Respiration


B3 13.2, 13.3 B2 2.1–2.5 B3 c 


B5 d


Concept Booster 3:


Refl ex Action


B1a 11.1 B3 2.19–2.23 B1 d


Concept Booster 4:


Photosynthesis


B2 12.3 B2 2.13–2.18 B4 bcde


Concept Booster 5a:


Create a Concept Booster 


Any Any Any


Experiment Booster 1:


Explaining Experiments


B2 12.6 B2 3.14 B5 e 


B6 g


Experiment Booster 2a: 


Understanding Bar Charts


B2 12.7 B1 2.5, 2.6, 


2.8–2.13


B1 f


Experiment Booster 2b: 


Understanding Line Graphs


B1a 11.3 B1 3.1–3.6 B1 e


Experiment Booster 2c: 


Understanding Pie Charts


B2 12.7 B3 1.1–1.6 B1 f


Experiment Booster 3: 


Understanding Sankey Diagrams


B2 12.4 B2 3.17–3.18 B2 b


Experiment Booster 4: 


Key Calculations


B2 12.8 B1 1.22–1.24 B1 h


Experiment Booster 5: 


Understanding Graphs and Charts


Any Any Any


Argument Booster 1: 


Organ Transplants


B3 13.4 B1 3.7 B1 e


Argument Booster 2: 


Genetic Engineering


B1b 11.6 B2 1.11–1.12 B3 gh 


B6 h


Argument Booster 3: 


Darwin’s Theory of Evolution


B1 11.7 B1 1.12 B2 f


Argument Booster 4: 


Sustainable Development


B1 11.8 B1 3.20–3.22 B2 h


Argument Booster 5:


Controversial Issues


Any Any Any
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Biology Knowledge Boosters: Teacher Notes
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Rationale
Confi dence with the words in biology is essential to getting at least a C grade. 


Both the meaning of the word and the spelling of the word are important. Using 


activities to encourage the use of the keywords, their meaning and their spelling 


builds that confi dence. In addition, knowledge and understanding at the word level 


is the fi rst step in learners being able to construct defi nitions, write descriptions 


and develop explanations.


Activities
These activities aim to engage learners with the keywords and their defi nitions, 


encouraging increased familiarity and confi dence in these words. In addition, the 


activities encourage learners to ensure that they can spell these keywords.


Suggested approaches
• Begin with a starter activity to establish current understanding.


• Towards the end of the topic use the activities to consolidate, review or 


revise.


• Use the activities for independent study in class or as homework.


How to use the self-testers
These are designed so that the answers can be folded back. The learners then 


write their answers to the fi rst 10 questions, stop, fold the answers out and check 


them and their spellings. Give scores out of 10. Concentrate on learning the 


answers or spellings that were wrong.


At this point, it is best to move on to the next set of 10 questions. Go through the 


same process. Later, try the fi rst set again and see if there is an improvement.


When supporting learners with this activity, concentrate on praising the 


improvement rather than the actual score out of 10.


How to use the diagrams
Labelling and defi ning the parts of diagrams are skills that will boost knowledge. 


Learners can be given blank sheets to label or, alternatively, laminated versions 


of the blank sheet with the answer sheet on the reverse. Learners can use a 


non-permanent marker to label the diagrams and check answers. Wipe off and 


try again.
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Biology Knowledge Boosters: Teacher Notes


Extension activities
Self-testers


• Reverse the activity: look at the answers and write the defi nitions.


• Teachers could make their own sets of questions and answers using the 


exam specifi cation or, even better, learners could make their own and swap 


with others.


Diagrams


Defi ne each part of the diagram. 


Common mistakes
Examiners of written papers often comment on the misspelling of common words 


such as bias, camoufl age or photosynthesis.


Humans and the environment


There is often confusion over:


• the different effects: the greenhouse effect, ozone-layer depletion and acid rain


• the terms: greenhouse effect, climate change and global warming


• different greehouse gases: carbon dioxide is recalled more than methane as 


a greenhouse gas


• the ambiguous use of the word ‘pollution’.


Microbes and disease


Common mistakes include:


• the suggestion that antibiotics kill viruses as well as bacteria


• the structure of a bacterium (genetic material is not in a nucleus)


• the suggestion that all microbes are harmful


• confusion over the different jobs of white blood cells, antibodies and 


antitoxins


• using the general term injection instead of immunisation or vaccination.


Human body systems


• The use of unscientifi c terms for labels.


• Knowing which organs are joined to others.


• Identifi cation of or confusion between the liver and pancreas.
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Biology Knowledge Boosters: Teacher Notes


Cells


• The difference between words such as chlorophyll and chloroplast, and cell 


membrane and cell wall.


• What to write when comparing cells.


• Specifi c links between adaptation and function.
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Human impact  Answer


 1  What can happen to land, air and water because of the waste from the 


increasing human population?


 1 pollution


 2  What is the name of the process in which large numbers of trees are cut 


down to make way for agriculture?


 2 deforestation


 3  What is the main gas that can cause acid rain?  3 sulfur dioxide


 4  What do we call living organisms that can show if there is pollution?  4 indicator species


 5  Which organisms can show if air is polluted?  5 lichens


 6  Which organisms can show if water is polluted?  6 invertebrates


 7  Which gas is most responsible for the greenhouse effect?  7 carbon dioxide


 8  What do human activities such as building, quarrying, farming and dumping 


waste reduce for plants and animals?


 8 space


 9  What is improving the quality of life without compromising future generations 


called?


 9 sustainability


10  Which toxic chemicals can be washed off the land and into rivers? 10  herbicides and 


pesticides


The carbon cycle Answer


 1  What process by animals, microbes and plants adds carbon dioxide to the 


atmosphere?


 1  respiration


 2  What process in plants removes carbon dioxide from the atmosphere?  2  photosynthesis


 3  What process in microorganisms adds carbon dioxide to the atmosphere?  3  decomposition


 4  Which greenhouse gas is released by the burning of fossil fuels and trees?  4  carbon dioxide


 5  What does the greenhouse effect do to the earth’s temperature?  5  increases it


 6  What gas do cattle and rice fi elds add to the atmosphere?  6  methane


 7  Why might the sea levels rise?  7  melting ice caps


 8 Which type of compound is passed along a food chain?  8  carbon


 9  What process moves carbon from plant cells into animal cells?  9  digestion


10  What process stores carbon in animals? 10  growth


Biology Knowledge Booster 1: 
Humans and the Environment
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Pyramids  Answer


 1  What is the main source of energy for most communities of living organisms?  1  the sun


 2  What process do green plants use to capture this energy?  2  photosynthesis


 3  What do we call the quantity of living material in a food chain?  3  biomass


 4  What happens to the mass of living material between each stage of a food 


chain?


 4  it decreases


 5  Which organisms use more energy because they have to keep their body 


temperature constant?


 5  animals and birds


 6  Which process supplies the energy for all living organisms?  6  respiration


 7  What happens to the material lost in animal faeces?  7  decomposed by 


microbes


 8  What organisms are at the base of a pyramid of biomass?  8  plants


 9  What is each stage of a food chain called?  9  trophic level


10  What pyramid shows the populations of organisms? 10  pyramid of numbers


Water and air pollution  Answer


 1  What gas is the main contributor to the greenhouse effect?  1  carbon dioxide


 2  What type of air pollution do catalytic converters reduce?  2  acid rain


 3  Which environmental issue will lead to climate change?  3  greenhouse effect


 4  Which environmental issue causes an increase in skin cancer?  4  ozone layer


 5  Which environmental issue can lead to the death of fi sh and trees?  5  acid rain


 6  Which environmental issue was reduced by removing CFCs from aerosols?  6  ozone layer


 7  Which environmental issue occurs when fertilisers are washed 


into rivers?


 7  eutrophication


 8  What is the main gas released by burning fossil fuels?  8  carbon dioxide


 9  What is the chemical formula for carbon dioxide?  9  CO2


10  What is the chemical formula for methane? 10  CH4


Environment study  Answer


 1  Which piece of equipment is used to estimate a population of plants?  1  a quadrat


 2  What equipment can be used to collect small land invertebrates?  2  pooter


 3  Which trap would be used to do capture-mark-recapture?  3  pitfall trap


 4  What do we call the environment where all the species interact?  4  ecosystem


 5  What do we call the number of a species living in one place?  5  population


 6  Which environmental factor is measured in lux?  6  light intensity


 7  What is the unit for air or water temperature?  7  °C


 8  Which indicator species can be used to assess air pollution?  8  lichen


 9  What do we call a place where a particular species lives?  9  habitat


10  What is the study of ecosystems called? 10  ecology
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Microbes Answer


 1  Which microbes have a cell wall and free genetic material?  1 bacteria


 2  Which microbes have a protein coat?  2 viruses


 3  What type of microbe is yeast?  3 fungus


 4  How do bacteria reproduce?  4 binary fi ssion


 5  How do viruses reproduce?  5 in other cells


 6  Which substances, discovered by Lister, can kill microbes?  6 antiseptics


 7  Which substances, discovered by Fleming, kill bacteria?  7 antibiotics


 8  Which is larger, a virus or a bacterium?  8 a bacterium


 9  Which scientist came up with germ theory?  9 Louis Pasteur


10  What type of medicine is penicillin? 10  antibiotic


Body defences Answer


 1  What waterproof barrier do we have against microbes?  1 skin


 2  What prevents microbes from entering wounds?  2 a blood clot


 3  What substance stops microbes from entering our lungs?  3 mucus


 4  What type of blood cell protects us from microbes?  4 white blood cells


 5  What does the stomach contain that kills microbes?  5 hydrochloric acid


 6  Which body system protects our body from infection?  6 immune


 7  Which part of blood is involved in clotting?  7  platelets


 8 Which substances are made in the blood to attack specifi c pathogens?  8 antibodies


 9  What substances are made by white blood cells to destroy toxins?  9 antitoxins


10  How can pathogens be passed on in the air? 10 water droplets


Biology Knowledge Booster 2: 
Microbes and Disease
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Infectious diseases Answer


 1  What do we call microbes that cause infectious disease?  1  pathogens


 2  What do harmful microbes produce that makes us ill?  2 toxins


 3  What do we call injecting a dead or inactive form of a microbe into a person?  3  vaccination or 


immunisation


 4  How can infections be spread?  4  air, water, touch, 


food


 5  What is the main symptom of infection?  5  a fever


 6  Which scientist fi rst used vaccinations?  6 Edward Jenner


 7  What is the vaccine called that protects us from mumps, measles and 


rubella?


 7  MMR


 8  What process makes some bacteria resistant to antibiotics?  8 natural selection


 9  Name a bacterium that is resistant to antibiotics.  9  MRSA


10  Which disease is spread by mosquitoes? 10  malaria


Useful microbes Answer


 1  What can useful microbes be grown in?  1  a fermenter


 2  What is the process that keeps microbes at a certain temperature?  2  incubation


 3  What is the name of the process used to produce wine or beer?  3  fermentation


 4  Which process ensures that apparatus is free from microbes?  4  sterilisation


 5  What is the name of the gas in biogas?  5  methane


 6  What is made by converting lactose into lactic acid in milk?  6  yogurt


 7  Which food is made using the action of yeast, producing carbon dioxide?  7 bread


 8  What type of high-protein food for vegetarians is made from a fungus such 


as Fusarium?


 8  mycoprotein


 9  What conditions are required for yeast to make alcohol?  9  anaerobic


10  Which process can produce biogas? 10  fermentation


Practical microbiology Answer


 1  What is the most common form of culture medium?  1  agar jelly


 2  What is the culture medium poured into?  2 Petri dish


 3  What experimental conditions help to prevent contamination  3  aseptic


 4  What energy source is usual in a culture medium?  4 carbohydrate


 5  What is used to transfer microbes to the culture medium?  5 inoculating loops


 6  Why are Petri dish lids taped down?  6  to prevent 


contamination


 7  What is there more risk of when incubating cultures above 25°C?  7  growth of pathogens


 8  How can wire loops be sterilised?  8 in a fl ame


 9  What is used to grow large quantities of microbes?  9 a fermenter


10  Other than temperature, what other factor must be monitored? 10 pH


Biology Knowledge Booster 2: 
Microbes and Disease
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Students that get at least a C grade:


• can use a wide range of keywords and know their defi nitions


• know the difference between similar words and defi nitions.


How to use the diagrams
1 Label the diagrams with the correct words.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


 Organs that help to control conditions inside the body Heart and circulatory system


 


  


 The digestive system Female reproductive system


  


Biology Knowledge Booster 3a: 
Human Body Systems
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Answers


 Organs that help to control conditions inside the body Heart and circulatory system


 


 


brain


skin


liver


bladder


kidney


pancreas


lung


 


 The digestive system Female reproductive system


  


ovary


fallopian 


tube


uterus
cervix


vagina


Biology Knowledge Booster 3b: 
Human Body Systems


liver


pancreas


small 


intestine


large


intestine


oesophagus


stomach


rectum


oxygenated 


blood in vein


oxygenated


blood in artery
deoxygenated 


blood in vein


deoxygenated 


blood in artery


left 


atrium


left


ventricle


right


atrium


right


ventricle


lung capillaries


blood capillaries
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Students that get at least a C grade:


• can use a wide range of keywords and know their defi nitions


• know the difference between similar words and defi nitions.


How to use the diagrams
1 Label the diagrams with the correct words.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


Biology Knowledge Booster 4a: 
Cell Diagrams


An animal cell


A sperm cell


A bacterium


A plant cell
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Answers


Biology Knowledge Booster 4b: 
Cell Diagrams


nucleus


cell membrane


cytoplasm


mitochondrion


vacuole


chloroplast


with


chlorophyll


cytoplasm


cell wall


cell membrane


nucleus


mitochondrion


flagellum


cell membrane


cell wall


gelatine-


like capsule


genetic material


cytoplasm


acrosome


cell membrane


nucleus


tail


mitochondrion


An animal cell


A plant cell


A bacterium


A sperm cell
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Biology Knowledge Booster 5: 
Create a Knowledge Booster


Use your exam specifi cation to write your own questions and answers. Use this 


sheet for revision and swap your questions with friends.


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer
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Rationale
Understanding key concepts in biology is essential for a learner to be able to 


explain processes and solve problems. Learners need to be able to understand 


and construct these concepts for themselves, identifying the important features, 


making links and being able to sequence an explanation. By engaging learners 


with some long-answer questions, teachers can try to improve their attempts. As 


learners do more of these, their understanding will improve and their confi dence 


will increase.


Activities
These activities aim to encourage learners to construct their own understanding 


of the key concepts. The activities are structured using key questions to answer, 


keywords to understand and statements to sequence. Once the concept has 


been tackled using the activity, learners can then apply their understanding to 


some long-answer questions. These are arranged with increasing demand: 


describe, explain and apply.


Suggested approaches
• Begin with a starter activity to establish current understanding.


• Towards the end of the topic use the activities to consolidate, review or 


revise.


• Use the activities for independent study in class or as homework.


Learners could be given the Concept Boosters as a homework activity, followed 


by a classroom activity of applying their knowledge and understanding to the 


long-answer questions or vice versa.


Note that the sequencing activity has no defi nitive answer, but it has to be logical.


An example marking scheme (adapted from the OCR Gateway mark schemes) is 


provided for the long-answer questions, but most of the points needed should be 


found on the Concept Boosters.


Extension activities
• Encourage learners to make their own Concept Boosters from a textbook 


or specifi cation.


• Choose concepts that cover large parts of the specifi cation.
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Biology Concept Boosters: Teacher Notes
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Biology Concept Boosters: Teacher Notes


Common mistakes
General mistakes


In long-answer questions, examiners often report that learners rewrite the 


question without actually answering it.


Many answers are not clear and concise or do not follow a logical sequence. 


Also, spelling, punctuation and grammar often let an answer down.


Natural selection


• Many learners miss out the important stage of the offspring breeding and 


passing on genes to the next generation.


• Some learners imply that organisms choose to adapt.


Respiration


• Many learners do not realise what the energy from respiration is used for, for 


example linking it to muscle contraction.


• Many cannot write the word equation for respiration.


• Few learners make the link that exercise requires increased respiration, so 


more glucose, more oxygen and so on.


Refl ex actions


• Many learners think that the refl ex arc is a conscious rather than automatic 


response.


• Learners often fi nd it diffi cult to compare nervous and hormonal responses.


Photosynthesis


• Learners often cannot explain how substances are transported in and out 


and around the plant (diffusion, osmosis).


• Many cannot write the word equation for photosynthesis.


• Some learners use the word ‘attracts’ instead of ‘absorbs’ when referring to 


light in photosynthesis.
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Biology Concept Booster 1a: 
Evolution by Natural Selection


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


1 What is natural selection?


2 What is evolution?


3 What is the evidence for evolution?


4 What can cause extinction?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


• breed
• changes to the 


environment
• characteristics
• Darwin
• evidence
• evolutionary theory


• extinction
• fossils
• genes
• Lamarck
• life on earth
• mutation
• natural selection


• new competitors
• new diseases
• new predators
• next generation
• organisms
• simple life forms
• species


• survive
• theory of evolution
• three billion years 


ago
• variation


Sequencing
Put these phrases about the theory of evolution into a logical sequence.


A Offspring with those genes are more likely to survive.


B All species have evolved from simple life forms/a common ancestor.


C This is called natural selection.


D Individuals in a species show variation.


E Individuals with characteristics most suited to the environment survive and 


reproduce.


F The genes that allowed the individuals to be successful are passed on to their 


offspring.


G Simple life forms existed over three billion years ago.


Next steps
Use Concept Booster 1b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Biology Concept Booster 1b: 
Evolution by Natural Selection


Use Concept Booster 1a to help you practise answering questions. Students who get at 


least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
The theory of evolution states that life on earth originated from simple life forms. Describe 


the major steps of the theory of evolution (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Dodos were fl ightless birds that lived on an island. When sailors landed on the island, they 


brought dogs and rats with them. The dodo became extinct. Explain what is meant by 


extinction and why the dodo became extinct (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Fossils are evidence of evolution. Explain how fossils provide evidence for evolution 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Biology Concept Booster 2a: Respiration


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


1 What is respiration?


2 What is the energy from respiration 


used for?


3 What is the word equation for 


respiration?


4 What is anaerobic respiration?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


• aerobic 
respiration


• anaerobic 
respiration


• blood
• body


• building 
molecules


• building proteins
• carbon dioxide
• cells
• contract


• diffusion
• energy
• exercise
• fatigue
• glucose
• glycogen


• lungs
• maintain body 


temperature
• mitochondria
• muscles
• oxygen


Sequencing
Put these phrases about respiration into a logical sequence.


A Oxygen diffuses from the blood into the muscle cells.


B Glucose has come from the food that was digested.


C The reaction releases energy for the muscle cells to contract.


D Waste products, water and carbon dioxide diffuse into the bloodstream.


E Air is breathed into the lungs, where oxygen diffuses into the blood.


F In the mitochondria, the oxygen reacts with glucose.


G Red blood cells carry oxygen to the muscles.


Next steps
Use Concept Booster 2b to apply your improved knowledge and understanding to 


long-answer exam questions.


04-Biology Concept Boosters.indd   3104-Biology Concept Boosters.indd   31 06/09/2012   09:1806/09/2012   09:18







32 © Badger Learning


Biology Concept Booster 2b: Respiration


Use Concept Booster 2a for this topic to help you practise answering questions. Students 


who get at least a grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the uses of energy produced by respiration in a human muscle cell (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain how the two reactants of respiration get to the body cells (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain the effects of exercise on the rate of respiration in muscle cells (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Biology Concept Booster 3a: Refl ex Action


Students that get a grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• brain
• central nervous 


system (CNS)
• effector
• electrical 


impulse


• gland
• light
• motor neurone
• muscle
• pain


• pressure
• receptor
• refl ex
• relay neurone
• sensory 


neurone


• sound
• stimulus
• synapse
• taste
• temperature


Sequencing
Put these phrases about the refl ex action into a logical sequence.


A Impulse travels along a sensory neurone to the CNS.


B The effector responds with an action (for example, muscle contracts).


C Change in the environment or a stimulus detected by receptors.


D Impulse travels from the CNS along a motor neurone.


E Impulse travels along a relay neurone within the CNS.


F Information passes along nerves (as electrical impulses).


G Information passes from a motor neurone to an effector.


1 What is a refl ex action?


2 What is a stimulus? Name some 


examples.


3 What is a neurone? What types are 


there?


4 What is an effector? Give an example.


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 3b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Use Concept Booster 3a for this topic to help you practise answering questions. Students 


who get at least a grade C can:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the refl ex action when a hand touches a hot plate (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the advantages of the refl ex action of blinking when an object fl ies towards your 


eyes (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Compare the response of the refl ex action to that of a hormonal response (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Biology Concept Booster 3b: Refl ex Action
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Biology Concept Booster 4a: Photosynthesis


Students that get a grade C or more can describe key concepts and processes. 


They can also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help 


you if you need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


 Sequencing
Put these phrases about photosynthesis into a logical sequence.


A Chlorophyll is a green pigment in chloroplasts in the leaf cells.


B Light energy causes a reaction between carbon dioxide and water.


C Water gets into the leaf from the roots by travelling through the xylem.


D Glucose can be stored as starch or used for respiration.


E The reaction produces glucose and oxygen.


F Light falls on a leaf and is absorbed by chlorophyll.


G Carbon dioxide gets into the leaf by diffusion into the stomata.


Next steps
Use Concept Booster 4b to apply your improved knowledge and understanding to 


long-answer exam questions.


• carbon dioxide
• chlorophyll
• chloroplast
• concentration
• factors
• gas exchange


• glucose
• insoluble
• light energy
• limits
• magnesium
• mineral salts


• nitrates
• osmosis
• oxygen
• respiration
• root hair
• starch


• stomata
• temperature
• water


1 What is photosynthesis?


2 Which factors limit photosynthesis?


3 What is the word equation for 


photosynthesis?


4 What do plants use mineral ions for?


Keywords
Make sure that you know the meanings of these keywords and how to use them.
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Biology Concept Booster 4b: Photosynthesis


Use Concept Booster 4a for this topic to help you practise answering questions. Students 


who get at least a grade C can:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe how plants make starch in their leaves (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Crops such as tomatoes are often grown in greenhouses. Explain how using a 


greenhouse can reduce the limiting factors of photosynthesis (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain the effects on photosynthesis if a plant does not have enough mineral ions 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Topic: __________________________________


Make your own Concept Booster by using a specifi cation, a GCSE textbook or 


GCSE website to help you if you need it. Use it for revision.


Students that get a grade C or more can describe key concepts and processes. 


They can also use a range of keywords to explain concepts and processes.


Questions
Write four key questions.


1  ....................................................................................................................


2  ....................................................................................................................


3  ....................................................................................................................


4  ....................................................................................................................


Keywords
Identify the keywords.


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


Sequencing
Write an explanation with phrases in a logical sequence.


A  ....................................................................................................................


B  ....................................................................................................................


C  ....................................................................................................................


D  ....................................................................................................................


E  ....................................................................................................................


F  ....................................................................................................................


G  ....................................................................................................................


H  ....................................................................................................................


Biology Concept Booster 5a: Create a Concept Booster


04-Biology Concept Boosters.indd   3704-Biology Concept Boosters.indd   37 06/09/2012   09:1806/09/2012   09:18







38 © Badger Learning


Use this mark grid, adapted from an examiner’s mark scheme, to give yourself a mark for 


your answers.


5–6 Marks
�  Answers the question from the command word, for example describe, explain or 


discuss.


� All key points are given in detail.


� All information in answer is relevant and clear.


� All information is organised and presented in a logical way.


� Keywords or phrases are used appropriately.


� Few, if any, errors in grammar, punctuation and spelling.


3–4 Marks
�  Answers the question from the command word, for example describe, explain or 


discuss.


� Most key points are mentioned; one or two may be missing.


� Most information in answer is relevant and clear.


� Most information is organised and presented in a logical way.


� Most keywords or phrases are used appropriately.


� There are occasional errors in grammar, punctuation and spelling.


1–2 Marks
�  Answers the question from the command word, for example describe, explain or 


discuss.


� One or two key points are mentioned.


� Answer is unclear, or irrelevant information is provided.


� Most information is not organised and presented in a logical way.


� Limited use of the keywords and phrases.


� There are several errors in grammar, punctuation and spelling.


0 Marks
� Ignores command word.


� Insuffi cient or irrelevant science.


What will you do to improve next time?


Biology Concept Booster 5b: Suggested Mark 
Criteria Grid for Long-answer Questions
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Biology Experiment Boosters: Teacher Notes
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Rationale
Understanding experimental design and scientifi c methods in biology is essential 


for a learner to be able to think scientifi cally. Learners need to be able to identify 


features of experiments that are strengths or limitations, interpret data and use 


evidence to form conclusions.


Activities
These activities aim to encourage learners to apply their understanding of 


scientifi c method to a range of activities to help them gain confi dence in areas 


that often cause learners problems. These focus on understanding experiments, 


analysing charts and graphs and fi nally some key calculations that are often 


troublesome for learners.


Suggested approaches
There are three types of task: explaining experiments, understanding graphs and 


charts, and key calculations.


Explaining experiments


Experiment Booster 1a can be used for any experiment that is described. 


Experiment Booster 1b has hints to help learners know what to look for. These 


can be used with Experiment Booster 1c. The 1a and 1b scaffolds can be applied 


to analyse any experimental design.


Understanding graphs and charts


Experiment Booster 5 can be used for any chart or graph as a scaffold to 


understand it. Examples include: bar charts (focus on diabetes) in Experiment 


Booster 2a, line graphs (focus on drug taking) in Experiment Booster 2b and pie 


charts (focus on water loss) in Experiment Booster 2c.


Experiment Booster 3a has a special focus on the Sankey diagram that often 


presents diffi culties for learners. Answers for learners are provided in Experiment 


Booster 3b.


Key calculations


Experiment Booster 4a concentrates on the calculation of percentages, ratios and 


probabilities in the context of inheritance. Experiment Booster 4b provides some 


examples for practice on calculating the mean. Finally, a task on units commonly 


used in biology is the focus of Experiment Booster 4c.
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Try a variety of past exam questions using Experiment Booster 1a: Explaining 


Experiments.


Common mistakes
Explaining experiments


• Candidates often have problems identifying variables as independent, 


dependent or control.


• They have trouble stating aims, hypotheses or predictions.


• They have trouble articulating whether an experiment is reliable, accurate or 


precise.


Understanding graphs and charts


Candidates often have trouble interpreting graphs, specifi cally:


• reading values from a graph


• identifying trends or patterns in data


• describing trends in data clearly (change, direction and by how much)


• applying science to conclusions.


Sankey diagrams


Examiners often comment that Sankey diagrams appear unfamiliar to some 


candidates. Common problems include learners being unable to work out the unit 


that one square represents, failing to check that the number that goes in equals 


the number that comes out and failing to show workings.


Key calculations


Candidates regularly lose marks because they cannot calculate the mean of 


results. Also, learners often have diffi culty calculating percentages, ratios and 


probabilities.


Biology Experiment Boosters: Teacher Notes
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Students that achieve a grade C or more can:


• identify variables: independent, dependent and control


• make a hypothesis or prediction


• understand reliability, accuracy and precision


• suggest relevant improvements to an experiment.


To help you understand experiments, use this table to identify the features of an 


experiment. For some sections the information may not be available. These can 


be used to help identify improvements.


List all the variables in the experiment:


The independent variable: The dependent variable:


The aim, hypothesis or prediction:


Is there a control? If so, what is it and why is it used?


Comment on the reliability: Comment on the accuracy: Comment on the precision:


The experiment could be improved by:


Biology Experiment Booster 1a: 
Explaining Experiments
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This sheet will help you to complete Experiment Booster 1a if you get stuck.


List all the variables in the experiment:
Variables are the factors that could affect the investigation or experiment, for example time, temperature, 


pH, mass, length.


The independent variable:
The variable that is being investigated.


The variable that the experimenter changes.


The dependent variable:
The variable that is measured or observed.


The variable that the experimenter fi nds out.


The aim, hypothesis or prediction:
What is the experiment trying to fi nd out?


What is expected to happen and why?


Is there a control? If so, what is it and why is it used?
A control is used to check that only one variable is having the effect, for example in medical trials a 


placebo is used to ensure that any changes are the result of the actual active ingredient and not just the 


psychological effect of taking a tablet.


Comment on the reliability:
How many times was the 


experiment repeated?


The more times, the more reliable.


Comment on the accuracy:
How close is the measurement to 


the true value?


What equipment was used to 


make measurements?


Electronic measurements 


are more accurate than 


measurements made by humans.


Comment on the precision:
Was the data precise enough to 


form a valid conclusion?


Were the readings close enough 


together?


Does the data tell you what you 


wanted to know?


The experiment could be improved by:
Think about the methods and apparatus used. Could it be better? How?


Are the results reliable? Could it benefi t from being repeated?


Are the results accurate? Could better measurements be taken? How?


Are the results precise? Could it benefi t from more measurements, are they close enough together, does 


the data tell you what the experiment was looking for?


Biology Experiment Booster 1b: 
Explaining Experiments Support Sheet


05-Biology Experiment Boosters.indd   4205-Biology Experiment Boosters.indd   42 06/09/2012   09:1806/09/2012   09:18







Biology Experiment Booster 1c: Explaining 
Experiments – Protease Enzyme Experiment


43© Badger Learning


Use Experiment Booster 1a to help you understand this experiment.


Protease enzyme experiment
Pepsin is a protease found in the stomach. A group of students wanted to investigate the 


effect of pH on the enzyme pepsin.


1 They cut up beef into 1cm3 cubes.


2 They took four beakers and put four beef cubes in each.


3 In beaker A they put in 100cm3 water, in beaker B they put 100cm3 hydrochloric acid 


pH 2, in beaker C they put 100cm3 hydrochloric acid pH 4 and in beaker D they put 


100cm3 hydrochloric acid pH 6.


4 They covered the beakers with a lid, left them for two hours and then examined 


them.


A B C D
beaker


water


beef


hydrochloric


acid pH 2
hydrochloric


acid pH 4


hydrochloric


acid pH 6


Questions
1 What changes would you expect to fi nd in each beaker?


2 Which beaker was the control? Explain why.


3 Was the experiment a fair test? Explain why.


4 How could the experiment be improved? Consider reliability, accuracy and precision.


5 How could the experiment be adapted for investigating the digestion of fats in the 


small intestine?
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Students who get a grade C or more can:


• analyse bar charts


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5a on the CD to help you to understand the graph, then answer 


the questions underneath the graph.


The percentage of people with diabetes in different age groups in the UK (2006)


male


female


percentage (%)


of people


with diabetes


age (years)


16–24 25–34 35–44 45–54 55–64 65–74 75+


0


2


4


6


8


10


12


14


16


18


Questions
1 What is the relationship between age and the number of people with diabetes?


2 Which age group has the largest number of people with diabetes?


3 What is the percentage of males with diabetes between the ages of zero and 44?


4 Compare the number of males and females with diabetes as they increase in age.


5 Suggest reasons for the relationship between age and the number of people with 


diabetes.


Biology Experiment Booster 2a: 
Understanding Bar Charts
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Students who get a grade C or more can:


• analyse line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5a on the CD to help you to understand the graph, then answer 


the questions underneath the graph.


Percentage of 16 to 59 year olds reporting having used drugs 
in the last year in England and Wales (1996–2010)


any drug amphetamines


ecstasy


cannabis


magic mushroomscocaine


1996
1998


2000


2001/02


2002/03


2003/04


2004/05


2005/06


2006/07


2007/08


2008/09


2009/10


0


2


4


6


8


10


12


14


percentage (%)


of people


year


x
x x x x x


x
x


x x x


x


x


Questions
1 What are the trends in drug taking between1996 and 2010?


2 Which drugs are the most used and least used?


3 Which drugs have increased or decreased in use?


4 What evidence is there from this graph that using cannabis can lead to people taking 


‘harder’ drugs?


5 Suggest possible reasons for the trend in general drug use.


Biology Experiment Booster 2b: 
Understanding Line Graphs
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Students who get a grade C or more can:


• analyse pie charts


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5a on the CD to help you to understand the graph, then answer 


the questions underneath the graph.


These two pie charts show the percentage of water lost via the skin, the lungs and the 


bladder. The charts show the same person, once on a hot day and once on a cold day.


 A B


skin 16%


lungs 15%


bladder 69%


 


skin 41%


lungs 12%


bladder 47%


Questions
1 Compare chart A and chart B.


2 Identify which graph represents the person on a hot day. Explain your answer.


3 Other than the temperature of the day, what else could cause the proportions of 


water loss shown in chart B?


Biology Experiment Booster 2c: 
Understanding Pie Charts
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Students who get a grade C or more can:


• analyse and interpret charts and diagrams


• take accurate readings from charts.


What happens to the energy in the food eaten by a cow


energy used


for growth


energy


released in


respiration


energy lost 


in waste


total energy


intake 80MJ


per day


This type of diagram is called a Sankey diagram. It always shows what goes in 


and what comes out of an organism. The diagram above is an energy diagram. 


Sometimes this type of diagram can show water intake and water loss.


How to analyse a Sankey diagram
Step 1


Work out how much each small square represents. In this case, look at the 


‘intake’ on the left. There are 20 small squares to represent 80MJ of energy.


How much energy does each small square represent? ________


Step 2


Look at where the energy is lost. Count how many small squares wide they are, 


then convert to energy in MJ.


Energy lost in waste: _____ small squares × ______ = ________


Energy released in respiration: _____ small squares × ______ = ________


Energy used for growth: _____ small squares × ______ = ________ 


Step 3


Check that the number that went in is the same as what comes out.


Biology Experiment Booster 3a: 
Understanding Sankey Diagrams
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Answers


energy used


for growth


energy


released in


respiration


energy lost 


in waste


total energy


intake 80MJ


per day


Step 1


Work out how much each small square represents.


In this case, look at the ‘intake’ on the left. There are 20 small squares to 


represent 80MJ of energy. How much energy does each small square represent?


80MJ ÷ 20 = 4MJ per small square


Step 2


Look at where the energy is lost. Count how many small squares wide they are, 


then convert to energy in MJ.


Energy lost in waste: 8 small squares × 4MJ = 32MJ


Energy released in respiration: 10 small squares × 4MJ = 40MJ


Energy used for growth: 2 small squares × 4MJ = 8MJ


Step 3


Check that the number that went in is the same as what comes out. In this case, 


we know that 80MJ of energy went in; 32MJ were lost in waste, 40MJ were 


released in respiration and 8MJ were used for growth, which also adds up to 


80MJ.


Biology Experiment Booster 3b: 
Understanding Sankey Diagrams
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Students who get a grade C or more can:


When using genetic diagrams, you should understand percentages and ratios. As an 


example, a pair of rabbits breeds over a year. They have three litters of eight babies.


Babies with black fur Babies with white fur


Litter 1  5 3


Litter 2  7 1


Litter 3  6 2


Total 18 6


How to analyse genetic diagrams


Step 1


Of the total baby rabbits born, what percentage had black fur. Show your workings.


Total number of black babies = ________


Total number of white babies = ________


Total number of babies  = ________


Step 2


Express this as a ratio of black fur to white fur.


Step 3


Using your knowledge and understanding of genetics, what percentage of the babies with 


black fur are heterozygous? Show your workings.


Step 4


Show the percentage and the ratio for each of these types of rabbits.


Percentage Ratio


Homozygous black


Heterozygous black


Homozygous white


Step 5


In any litter, what is the probability of having a baby with white fur?


 × 100 = ________
No. with black fur


Total number of babies


• interpret genetic 


diagrams


• calculate percentages • present simple ratios.


Biology Experiment Booster 4a: Key Calculations 
– Percentages, Ratios and Probabilities


B b


B BB Bb


b Bb bb


B = black fur allele


b = white fur allele
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Biology Experiment Booster 4b: 
Key Calculations – Calculating the Mean


Students who get a grade C or more can calculate the mean of a given set of results.


The average, or mean, is calculated by adding up each result, then dividing this total by 


the number of results taken.


Worked example
For this example, a student’s resting pulse rate was measured three times. The results are 


in the table below.


Repeat 1 Repeat 2 Repeat 3


Pulse (beats per minute) 69 71 70


Average =
  


Sum of the results


Number of results


For this example:


Average =  =  = 70
  


69 + 71 + 70


3   


210


3


Mean: 70 Unit: beats per minute


Calculation 1
Number of daisies found in a 1m2 quadrat in a meadow.


Quadrat 1 2 3 4 5


Number of daisies 11 2 16 8 4


What is the average number of daisies per square metre?


Working: Mean: __________________ Unit: __________________


Calculation 2
The volume of oxygen gas produced from pondweed in bright light.


Repeat 1 2 3 4


Volume of oxygen gas (cm3) 6.1 6.7 6.5 6.2


Working: Mean: __________________ Unit: __________________
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Biology Experiment Booster 4c: 
Key Calculations – Units in Biology


Students who get a grade C or more can use units appropriately.


For each of the situations below, select the appropriate units from this list:


• %
• cm
• cm3


• days
• g


• h
• l
• kJ
• m
• m2


• minutes
• mm
• mm2


• mm3


• °C


• s
• years


1 Measuring the length of a leaf ______


2 Measuring the length of a chip after osmosis _______


3 Unit for amount of glucose in blood _______


4 Volume of blood in the human body _______


5 Measuring the temperature of a solution ________


6 Time taken for amylase to digest starch _______


7 Amount of carbon dioxide in the atmosphere _________


8 Volume of substrate for an enzyme to act upon ________


9 Mass of food ingested in a day by a human _________


10 Age of a fl y _________


11 Length of the large intestine _________


12 Amount of energy in 100g of a food _________


13 Length of a woodlouse _________


14 Volume of water lost from a human in a day _______


15 Volume of the human lungs _________


16 Age of a tree _______


17 Area of human lungs ________


18 Amount of sugar in a solution _________


19 Area of a leaf __________


20 Length of a dandelion root _________
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Students who get a grade C or more can:


• analyse bar charts, histograms, pie charts and line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


This task will help you to improve these skills.


What type of graph or chart is it?
� Bar chart


� Histogram


� Line graph


� Pie chart


� Table of results


Identify the independent variable(s):


Identify the dependent variable(s):


What does the graph show?


What are the relationships or trends between the variables (if any)?


Are there any anomalous results? 
Explain them.


How close together are the measurements? 
State the intervals.


Could these be improved?


What conclusions can be made from the evidence in the graph or chart?


Biology Experiment Booster 5: 
Understanding Graphs and Charts
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Rationale
Learners need to be able to understand controversial issues and be able to 


present an argument. These activities encourage learners to present different 


views and use evidence to make a decision.


Activities
These activities aim to encourage learners to use information to identify 


advantages and disadvantages of technologies, develop arguments from a social, 


economic, environmental or ethical viewpoint and discuss a controversial issue. 


Argument Booster 5 can be applied to most controversial issues and can be used 


as a scaffold to identify the key features of a debate.


Suggested approaches
These can be used as a starter activity to establish current understanding, 


towards the end of a topic to consolidate, review or revise, or for independent 


study in class or as a homework activity.


Argument Booster 5 should be used as the scaffold when reading information on 


the main Argument Boosters; the exam-style questions can then be used to apply 


this information.


Follow up with past exam questions.


Extension activities
Encourage learners to develop a summary of each controversial issue for revision.


Common mistakes
Organ transplants


• Learners cannot apply the issues to different organs or inappropriately apply 


a feature of one organ to another.


• Candidates can have problems identifying ethical decisions in choosing 


between two patients for a single organ donation.


Genetic engineering of crops


• Many learners overemphasise the risk to human health.


• Some candidates are unable to apply the idea that GM crops could be 


grown more effi ciently, therefore using less land to feed more people.


Biology Argument Boosters: Teacher Notes
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Biology Argument Boosters: Teacher Notes
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rs Darwin’s theory of evolution


• Many candidates think that Darwin had no proof for his theory of evolution.


• Some learners cannot distinguish between religious belief and scientifi c 


evidence.


• Learners do not always appreciate that Darwin’s theory does not discount 


God, but does challenge the Bible’s story of creation, particularly the age of 


the earth and the time that humans have existed.


Sustainable development


• Learners often do not make the links between carbon dioxide and pollution.


• Some learners think that fuels are released into the air during transport.


• Some candidates get muddled between different ideas, such as costs, jobs 


or freshness of food and do not give relevant answers.


© Badger Learning54
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


• demonstrate good understanding of the benefi ts and risks of scientifi c advances, 


and identify ethical issues related to these.


Use Argument Booster 5 to help you understand the issues.


Background information
Michael is 40 years old. He has kidney failure and has to have dialysis twice a week. 


He has asked his doctor whether he could have a kidney transplant. This is part of 


Michael’s blog.


I saw my doctor, Sema, today. I made an appointment to discuss the 


possibility of having a kidney transplant. As you know I have been in kidney 


failure for six months and dialysis is becoming a chore. My life has changed 


completely. I now work part time and am tired all of the time. I have to eat and 


drink very carefully so that I do not make myself ill.


I am in no doubt that I want to have a kidney transplant. Just one kidney 


could make my life so much better. Sema explained that having a new kidney 


would mean that I could lead a more or less normal life again. If it is successful 


I would not need dialysis anymore; I would have more energy and could 


probably work full time again. However, the fi rst problem is that I will have to 


wait for a kidney donation that will match. If I fi nd a living donor, someone who 


would donate one of their kidneys, it could happen quite quickly. If I wait for a 


dead donor match, it could be about three years.


Then, once I have waited and have found a suitable kidney, I will have to have 


major surgery. I risk infection and my body may reject the kidney. To prevent 


infection and rejection I would have to take a lot of medication, which has lots 


of side-effects. One of the main effects is that my appearance may change.


Now I know this, I am not sure what to do: put myself on the waiting list 


and hope for the best, or deal with dialysis for the rest of my life. What would 


you do?
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of having a kidney transplant (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain why people are encouraged to carry a donor card (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss whether a person who drinks a lot of alcohol should be given a kidney transplant 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Biology Arguments Booster 1b: 
Organ Transplants
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this short report for information.


Biology Argument Booster 2a: 
Genetic Engineering


Wheat is one of the most important crops in the world. If crop yields can be 


increased, this reduces the cost of producing crops. Wheat crops can be lost 


to frost, pests and competition from weeds.


Genetic engineering can put genes into wheat plants that have useful 


characteristics. For example, a gene from a fi sh can help to improve wheat’s 


tolerance to frost. A gene from a bacterium can kill particular caterpillars 


that eat the wheat plant. Taking a gene from another plant can give wheat 


resistance to herbicides, which means that weeds will die in a sprayed fi eld 


but the wheat will survive.


A genetically modifi ed (GM) wheat crop that has these characteristics will 


grow well and produce a higher yield than normal wheat. It means that wheat 


could be grown in a variety of climates, over a longer period and using fewer 


chemicals. We do not yet know if GM wheat is harmful to human health. 


Some scientists say it is not harmful, others think it is too early to tell.


Many scientists and politicians say that using GM crops is the only way to 


produce the amount of food we need to feed the growing population. Some 


scientists think that genetic engineering is a very expensive way of breeding 


new plants. Ecologists are concerned that GM wheat could breed with wild 


wheat and spread these genes, causing these characteristics to appear in 


wild plants.
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of using genetically modifi ed (GM) wheat 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write the economic argument for using GM wheat (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss whether genetic engineering of crops could solve the world’s shortage of food 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Biology Argument Booster 2b: 
Genetic Engineering


06-Biology Argument Boosters.indd   5806-Biology Argument Boosters.indd   58 06/09/2012   09:1806/09/2012   09:18







59© Badger Learning


Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this short report for information.


Biology Argument Booster 3a: 
Darwin’s Theory of Evolution


On 24 November 1859 Charles Darwin published his book On the Origin 
of Species. The book was to change the world’s understanding of human 


origins.


At the time of publication, England was a strongly Christian country that 


believed that humans were created by God.


Darwin’s theory was based on the evidence that he had collected from his 


travels around the world. He was a brilliant scientist and gathered a lot of 


scientifi c observations. He collected evidence from geology, in particular the 


shapes of the continents. He found patterns in fossils. He observed how 


animals were domesticated and were bred for desired characteristics. His 


theory of natural selection was at odds with what people believed at that time.


Not only did Darwin state that humans originated from apes, but also that the 


earth was much older than the 2000 years that most people believed. The 


church and politicians upheld their beliefs and mocked Darwin’s ideas.


Darwin understood why they were concerned, but because of the huge 


amount of evidence that he had, and the respect he had among other 


scientists, the theory of evolution was slowly accepted.


Today all biological research is based on Darwin’s original ideas, and more 


and more evidence has been found for the theory. Despite this evidence, 


some people still believe in the Bible’s story of the creation and do not accept 


Darwin’s theory.
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Students that achieve a grade C or above can:


• recall arguments for and against an issue


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the evidence that Darwin had for his theory of evolution (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain why Darwin’s theory of evolution took time to be accepted (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss why some people still do not accept Darwin’s theory of evolution (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Biology Argument Booster 3b: 
Darwin’s Theory of Evolution
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues.


Background information
Read this short report for information.


Biology Argument Booster 4a: 
Sustainable Development


Sustainability means taking responsibility for the way we use resources so that the 


earth is not damaged or the resources used up.


Some people prefer to buy foods that are produced locally because they are more 


sustainable. For example, think about how eggs are produced and sold.


Some supermarkets sell eggs that have been laid by chickens at the other end of the 


country, or even sometimes overseas. Some customers prefer to buy eggs that have 


been produced locally because:


• It supports local businesses.


• The eggs do not have to be transported so far – this reduces the amount of fuel 


used and therefore reduces the amount of carbon dioxide produced.


• Shorter journeys reduce the risk of damaging eggs, reducing waste.


• Local eggs are fresher than eggs that have travelled.


Eggs can also be produced and sold sustainably when:


• Chickens are free-range and do not have to be reared in heated factories. 


Heating and lighting are expensive and use electricity, which usually produces 


carbon dioxide.


• They are packaged in recycled cardboard boxes that can be recycled again.


• The packaging is designed to reduce breakage and waste of eggs.


The challenges faced by farmers and sellers of eggs include:


• It costs more to produce free-range eggs than in a factory farm.


• Free-range chickens produce fewer eggs than factory-farmed chickens.


• Eggs are used in a lot of products; more expensive eggs means more expensive 


cakes, pies and other food.
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Biology Argument Booster 4b: 
Sustainable Development


Students that achieve a grade C or above can:


• recall arguments for and against an issue


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of buying eggs that are produced locally 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write an argument for the environmental reasons for buying local eggs (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss the economic issues facing people who try to sell eggs that are sustainably 


produced (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Topic area: _________________________________________


Fill in as much information as you can; you may not have enough for all the boxes.


What is the controversial issue?


What are the advantages? What are the disadvantages?


Environmental arguments: Economic arguments:


Social arguments: Ethical and religious issues:


Opinions: Facts or evidence:


Your view/thoughts:


Use the suggested mark criteria on page 38 to mark your answers.


Biology Argument Booster 5: 
Controversial Issues
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Introduction


The importance of a C grade in science or physics cannot be underestimated. 


Learners who leave school with at least a C grade in science or physics have 


far more career opportunities open to them. This benchmark of success, along 


with other qualifi cations, can support learners not just with the next step in their 


education but also their future careers. Anything that teachers can do to support 


learners in achieving this grade should be done.


There are, of course, other infl uences that may motivate teachers to encourage 


the number of C grades in a cohort. Schools are under pressure to maximise the 


number of C grades in order to meet government-imposed targets. However we 


might feel about these targets, C grades remain currency for success in further or 


higher education and in many careers.


This book is a collection of activities that aims to improve learners’ knowledge, 


understanding and confi dence to achieve at least a C. These activities could be 


used as part of an intervention lesson, as homework activities with class work 


follow-up, within lessons as part of a scheme of work or for focused revision 


sessions.


These activities have been developed by consulting the examiners’ reports 


from the past fi ve years and prioritising the most common mistakes in learners’ 


responses to examination questions. The focus of the tasks is on the knowledge, 


understanding and skills required for the ‘standard’ questions (up to grade C), 


each with a focus on the most common mistakes.  


As with all teaching resources, how the teacher integrates the resource into their 


teaching is essential to its success. Motivated learners may be able to take these 


tasks home, try them and improve their own knowledge, understanding, skills and 


confi dence. However, on the whole, teachers need to use their motivational skills 


to engage learners with the resource and provide effective feedback. Each activity 


has notes for teachers with guidance and ideas.


I have thought carefully about the selection and design of these tasks. I hope that 


you fi nd them a useful addition to your teaching resources.


Andrew Grevatt
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What Does a C Grade in Physics Look Like?


The grade descriptors published by GCSE examination specifi cations can be 


analysed to help understand what knowledge, understanding and skills are 


expected to achieve a C grade.


The grade descriptor states that candidates should: ‘demonstrate a good overall 


knowledge and understanding of science content and how science works, and of 


the concepts, techniques and facts across most of the specifi cation’.


Knowledge
• Demonstrate knowledge of technical vocabulary and techniques and use these 


appropriately.


• Use this knowledge, together with information from other sources, to help plan 


a scientifi c task, such as: a practical procedure, testing an idea, answering a 


question or solving a problem.


• Describe how, and why, decisions about uses of science are made in some 


familiar contexts.


Understanding
• Demonstrate an awareness of how scientifi c evidence is collected and an 


awareness that scientifi c knowledge and theories can be changed by new 


evidence.


• Use and apply scientifi c knowledge and understanding in some general 


situations.


• Explain how, and why, decisions about uses of science are made in some 


familiar contexts.


• Demonstrate good understanding of the benefi ts and risks of scientifi c 


advances and identify ethical issues related to these.


Skills
• Demonstrate communication and numerical skills appropriate to most situations.


• Carry out practical tasks safely and competently, use equipment 


appropriately and make relevant observations appropriate to the task.


• Use appropriate methods for collecting fi rst-hand and secondary data, 


interpret the data appropriately and undertake some evaluation of the 


methods used.


• Present data in ways appropriate to the context.


• Draw conclusions consistent with the evidence that has been collected and 


evaluate how strongly this evidence supports these conclusions. 
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These tasks have been designed by building on what we know about the 


common diffi culties faced by learners doing ‘standard’ questions in examinations 


within a framework based on learning theories.


The theoretical framework is based on Bloom’s Taxonomy of Educational 


Objectives. If you look at the grade descriptors for grade C, you will fi nd that 


they fi t within the ‘Application’ part of Bloom’s taxonomy. In fact, in the broadest 


sense, examination grades can be correlated with Bloom’s taxonomy domains.


Bloom’s Cognitive Domain Examination Grades Simple Descriptors


Synthesis A* Synthesise


Evaluation A Evaluate


Analysis B Analyse


Application C Explain


Comprehension D Describe


Knowledge E Identify


The tasks in this book have been developed using these principles. Learners who 


have good knowledge and comprehension, and are able to apply these in familiar 


situations, are likely to achieve at least a C grade.


So, these tasks have been designed to support knowledge, comprehension and 


application of GCSE science. The Knowledge Boosters support knowledge and 


comprehension; these will increase learners’ confi dence in the keywords and 


defi nitions. The Concept Boosters build on that knowledge and comprehension 


to encourage application of knowledge and understanding; these can be used as 


a task on their own or followed by the exam-style questions that are of increasing 


demand – Describe, Explain, Apply. The Experiment Boosters encourage analysis 


of experiments, highlighting common issues and developing the skills required for 


achieving grade C. The Argument Boosters provide knowledge and encourage 


the development of and confi dence in comprehension and application skills; like 


the Concept Boosters, these have exam-style questions of increasing demand.


There is increasing interest in and use of SOLO taxonomy (Structure of Observed 


Learning Outcomes) in the UK. The Boosters aim to support pre-structural, 


unistructural and multistructural stages of the SOLO taxonomy.


How the Tasks Have Been Developed
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Past examination papers and reports can be scrutinised to help students 


understand the skills required to answer examination questions. Understanding 


such skills can encourage learners to maximize their marks.


General problem areas
Written answers


• Often excessively verbose.


• Repeat the question with no answer.


• Make the same point more than once.


• Make contradicting statements.


• Do not pay attention to the stem of a question.


Data analysis


• Incorrect reading of graphs and charts.


• Mathematical weaknesses in calculations.


• Limited ability to apply knowledge in a new situation.


• Incorrect application of concepts of reliability, accuracy and validity.


Specifi c problem areas
Knowledge and understanding


• Unfamiliarity or low confi dence with the key words in Electricity and 


Radiation topics.


• Low confi dence with component circuit symbols. 


• Drawing ray diagrams; marks may be lost simply because the candidate 


does not use a ruler and the rays do not touch the surfaces.


• The process of electricity generation and the purpose of each part of the 


process are often poorly understood.


• Terminal velocity brings together a lot of concepts of forces and force 


diagrams.


• The factual information and ‘story’ of the life cycle of stars is important to 


know. Having confi dence in the pathways of two types of stars is important.


• Convection currents bring together a lot of principles from physics and can 


be diffi cult to explain.


Problem Areas in Physics
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Problem Areas in Physics


Application


• Application of the principles of electrical generation to different energy 


resources is often troublesome. 


• The application of How Science Works to specifi c topics can often present 


a challenge. The idea of risk, fact and opinion can be applied to a number of 


situations including WiFi.


• Applying ideas to the future of energy, based on new information, can be 


troublesome, often because there is not a defi nitive answer.
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Exam Preparation Checklist


Months before
� Learn the keywords of each topic and their defi nitions: use Knowledge Boosters.


� Identify key concepts and learn them: use Concept Boosters.


� Identify the key experiments: use Experiment Boosters.


� Identify the key issues: use Argument Boosters.


� Make a summary revision sheet for each topic.


� Practise past exam questions regularly.


� Ask for help if you do not understand a specifi c area.


Weeks before
� Make sure you know when and where the exam is.


� Make sure you know which topics the exam covers.


�  Go back to the exam specifi cation and the textbook to identify keywords, key 


concepts, key experiments and key issues.


� Make sure you can spell most keywords.


The day before
� Double check the time and location of the exam.


� Read through all your summary notes.


� Self-test on the areas you fi nd diffi cult.


� Pack your exam kit: pencil, pen, ruler, calculator etc.


� Eat well and get an early night.


In the exam
� Read the question carefully – note the stem word of a question.


� If writing, write clearly.


� Do not waffl e; write clearly and concisely.


� If you make a mistake, cross it out and write the correct answer clearly.
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If you can do most of these things, it is likely that you can achieve a C grade in science 


examination papers.


General
� In a topic I can state the meanings of most keywords.


� In a topic I can spell most keywords.


� In a topic I can explain most key concepts.


� In a topic I can describe the key experiments or investigations.


� In a topic I can describe the main arguments of key issues.


Experiments and investigations
� I can identify variables as independent, dependent and control.


� I can state the aims, hypothesis or prediction.


� I can explain if an experiment is reliable and suggest improvements.


� I can explain if an experiment is accurate and suggest improvements.


� I can explain if an experiment is precise and suggest improvements.


� I can make a conclusion from charts and graphs based on scientifi c ideas.


Tables, graphs and numbers
� I can calculate an average.


� I can calculate a percentage.


� I can present numbers as percentages, ratios, fractions and probabilities.


� I can identify patterns or trends in data in a table, chart or graph.


� I can use decimal places and appropriate signifi cant fi gures.


� I can calculate the areas, perimeters and volumes of simple shapes.


Arguments
� I can identify the advantages and disadvantages of a new technology.


� I can identify opinions and facts in an argument.


� I can identify and suggest environmental arguments.


� I can identify and suggest economic arguments.


� I can identify and suggest social arguments.


� I can identify and suggest ethical arguments.


� I can suggest why some scientifi c theories took time to be accepted.


Communication
� I can describe trends in data clearly (change, direction and by how much).


� I can explain scientifi c ideas in a logical sequence.


�  I can answer a question from the command word, for example describe, explain, 


discuss.


� I can write a relevant and clear answer to a question.


� I can write using mostly correct grammar, punctuation and spelling.


I Can Get a Grade C Checklist
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Linking Activities to Examination Specifi cations


AQA EDEXCEL OCR B


Knowledge Booster 1:


Energy and Electricity


P1a 


P2


P1 6,5


P2 1,2


P1ab


P2abd


Knowledge Booster 2: 


Waves and Radiation


P1b


P3


P1 2,3,4


P3 3


P1defg


P2e


Knowledge Booster 3: 


Electric Motors


P3 13.4 P1 1 P1d


Knowledge Booster 4: 


Ray Diagrams


P3 13.7 – P6e


Knowledge Booster 5:


Create a Knowledge Booster


Any Any Any


Concept Booster 1: 


Generating Electricity


P1a 11.4 P1 5.8–12 P2b


Concept Booster 2: 


Terminal Velocity


P2 12.2 P2 3.17 P3g


Concept Booster 3:


Life Cycle of a Star


P3 13.10 P1 3.11–12 P2g


Concept Booster 4:


Convection Currents 


P1 11.1 P1 4.12 P1ab


Concept Booster 5a: 


Create a Concept Booster


Any Any Any


Experiment Booster 1:


Explaining Experiments


P1 11.1–2


Any


P1 6


Any


P1a


Any


Experiment Booster 2a: 


Understanding Line Graphs


HSW 10.6


P2 12.1


HSW 9–11


P2 3.6 P3abc


Experiment Booster 2b: 


Understanding Bar Charts


HSW 10.6


P1 11.4


HSW 9–11


P1 5.5


P2bcde


Experiment Booster 2c:


Understanding Pie Charts


HSW 10.6


P2 12.9


HSW 9–11


P2 6.1


P4efgh


Experiment Booster 3:


Understanding Sankey Diagrams


HSW 10.6


P1 11.2


HSW 9–11


P1 6.3 P1


Experiment Booster 4:


Key Calculations


HSW 10.5 HSW 5–6, 10 P1b P2d


Any


Experiment Booster 5:


Understanding Graphs and Charts


Any Any Any


Argument Booster 1: 


Mission to Mars


HSW 10.8–9


P1 11.7


HSW 12–14


P1 3.1


P2f


Argument Booster 2: 


Risks of WiFi


HSW 10.8–9


P1 11.5


HSW 12–14


P1 2


P1g


Argument Booster 3: 


Non-renewables


HSW 10.8–9


P1 11.4


HSW 12–14


P1 5.5


P2de


P6f


Argument Booster 4: 


Atoms in History


HSW 10.8–9


P2 12.9 (H)


HSW 3,4,14


P


P4


Argument Booster 5:


Controversial Issues


Any Any Any
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Rationale
Confi dence with the words in physics is essential to getting at least a C grade. 


Both the meaning of the word and the spelling of the word are important. Using 


activities to encourage the use of the key words, their meaning and their spelling 


builds that confi dence. In addition, knowledge and understanding at the word level 


is the fi rst step in learners being able to construct defi nitions, write descriptions 


and develop explanations. 


Activities
These activities all aim to engage learners with the key words and their defi nitions, 


encouraging increased familiarity and confi dence in these words. In addition, the 


activities encourage learners to ensure that they can spell these keywords.


Suggested approaches
• Begin with a starter activity to establish current understanding. 


• Towards the end of the topic use the activities to consolidate, review 


or revise. 


• Use the activities for independent study in class or as homework.


How to use self-testers
These are designed so that the answers can be folded back. The learners then 


write their answers to the fi rst 10 questions, stop, fold answers out and check 


them and their spellings. Give scores out of 10. Concentrate on learning the 


answers or spellings that were wrong.


At this point, it is best to move onto the next set of 10 questions. Go through the 


same process. Later, try the fi rst set again and see if there is an improvement. 


When supporting learners with this activity, concentrate on praising the 


improvement rather than the actual score out of 10.


How to use the diagrams
Labelling and defi ning the parts of diagrams are skills that will boost knowledge. 


Learners can be given blank sheets to label or, alternatively, laminated versions 


of the blank sheet with the answer sheet on the reverse. Learners use a non-


permanent marker to label the diagrams and check answers. Wipe off and try 


again.


Physics Knowledge Boosters: Teacher Notes
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Physics Knowledge Boosters: Teacher Notes
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Self-testers


• Reverse the activity: look at the answers and write the defi nitions.


• Teachers could make their own sets of questions and answers using the 


exam specifi cation or, even better, learners could make their own and swap 


with others.


Diagrams


Defi ne each part of the diagram. 


Common mistakes
Examiners of written papers often comment on the misspelling of common words 


such as ionising, electromagnetic or refl ection.


Examiners of multiple-choice papers often report on learners not knowing the 


difference between words such as refl ection and refraction, properties of different 


waves or radiations.


Energy 


• Many candidates get confused between conduction and convection (and 


sometimes radiation).


• Candidates need to be precise about what kind of energy resource they are 


talking about in their answers. 


• Many candidates do not appreciate that not all resources require a turbine 


or boiler to generate electricity.


Electricity


• Many candidates do not seem familiar with common circuit symbols.


• Many candidates are not familiar with common units and equations for 


calculations.


• Sources of energy can be easily forgotten by candidates, losing them 


simple marks.


Waves


• Candidates get confused about the properties, uses and dangers of 


different types of electromagnetic rays.


• Many candidates do not realise that electromagnetic waves carry energy.
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Radiation


• Candidates get confused about the properties of different types of radiation.


• The properties of the major groups are not often well understood.


• The dangers of radioactivity are often imprecise; for example “It will harm 


you/kill people”.
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Physics Knowledge Boosters: Teacher Notes
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Thermal Energy  Answer


 1 How is thermal radiation transferred?  1  by electromagnetic 


waves


 2  Which surfaces are good absorbers and emitters of thermal radiation?  2 dark, matt


 3  Which surfaces are poor absorbers and emitters of thermal radiation?  3 light, shiny


 4  What is an empty space with no particles in it called?  4 a vacuum


 5  How is thermal energy transferred in a vacuum?  5 infra red waves


 6  How is thermal energy transferred in liquids and gases?  6 by convection


 7  How is thermal energy transferred in solids?  7 by conduction


 8  What factors affect the rate of heat transfer of a material?  8 size, shape, material


 9  What happens to the rate of heat transfer when the temperature difference 


between an object and its surroundings gets larger?


 9  rate increases/gets 


faster


10 Which thermal energy transfers involve particles? 10  conduction and 


convection


Electrical Equations Answer


 1 What is the name and symbol for the unit for current?  1 amperes (A)


 2 What is the name and symbol for the unit for potential difference?  2 volts (V)


 3 What is the name and symbol for the unit for resistance?  3 ohms (Ω)


 4 What is the name and symbol for the unit for power?  4 watts (W)


 5 What does power (kW) x time (h) =?  5  energy transferred 


(kWh)


 6 What is the usual (SI) unit for energy?  6 joules (J)


 7 What does useful energy transferred ÷ total energy transferred =?  7 effi ciency


 8 What does current (A) x resistance (Ω) =?  8  potential difference 


(V)


 9 What does energy transferred (J) ÷ time (s) =?  9 power (W)


10 What does current (A) x potential difference (V) =? 10 power (W)


Physics Knowledge Booster 1: 
Energy and Electricity
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Energy Resources Answer


 1  What do most power stations use to turn the turbine?  1  steam


 2  What are turbines usually connected to?  2  a generator


 3  Which are the common fossil fuels used in power stations?  3  coal, oil & gas


 4  What are the names of the fuels used in nuclear power stations?  4  uranium/plutonium


 5  Do nuclear power plants use fi ssion or fusion?  5  fi ssion


 6  Which energy source uses light energy to generate electricity directly?  6  solar


 7  Which energy source uses water falling onto a turbine to generate electricity?  7  hydroelectric


 8  Which energy source uses volcanic areas to produce steam to drive turbines 


and generate electricity?


 8  geothermal


 9  Which energy sources use the rise and fall of water to drive turbines and 


generate electricity?


 9  tidal and wave


10  Which energy source uses moving air to drive turbines and generate 


electricity?


10  wind


Electrical Generation Answer


 1  What are the two main components of a generator?  1  wire coil & magnets


 2  What is induced if a wire cuts through a magnetic fi eld?  2  potential difference


 3  What is produced in a wire that is part of a circuit when it cuts through a 


magnetic fi eld?


 3  current (A)


 4  Which two things can reverse the induced current or p.d.?  4  reverse poles or 


reverse movement


 5  What does the p.d. do if the speed of movement is increased?  5  p.d. increases


 6  What does the p.d. do if the magnetic fi eld strength is decreased?  6  p.d. decreases


 7  What happens to the p.d. if the number of coils is increased?  7  p.d. increases


 8  What happens to the p.d. if the area of the coil is increased?  8  p.d. increases


 9  Which device uses the force from a current in a wire within a magnetic fi eld 


to make movement?


 9  electric motor


10  Which device uses movement of a wire coil within a magnetic fi eld to 


generate electricity?


10  dynamo


Electric Circuits Answer


 1  Which component allows current to fl ow one way only?  1  diode


 2  Which component decreases resistance as light intensity increases?  2  LDR (light 


dependent resistor)


 3  Which component provides the p.d. for the circuit?  3  cell


 4  Which component decreases resistance as it is heated?  4  thermistor


 5  Which component changes the resistance in a circuit?  5  variable resistor


 6  Which component will melt to protect a device?  6  fuse


 7  What is the symbol for an ammeter?  7  


 8  What is the symbol for a voltmeter?  8  


 9  What is the symbol for a diode?  9  


10  What is the symbol for a fuse? 10  
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the self-test questions
1 Read through the questions and answers.


2 Fold back the answers.


3 Answer each question by saying the answer and writing it down.


4 Check your answers, then check your spellings.


5 Repeat until you get most of the answers and spellings correct.


Electromagnetic Spectrum Answer


 1  How do electromagnetic radiations (EMR) move?  1  waves


 2  Which type of EMR has the highest frequency and shortest wavelength?  2  gamma


 3  Which EMR is used by doctors to inspect broken bones?  3  X-rays


 4  Which EMR is used for security marking?  4  ultraviolet rays


 5  Which EMR is the range in which humans see?  5  visible rays


 6  Which EMR is used in TV remote controls?  6  infra red rays


 7  Which EMR vibrates water molecules to cook food?  7  microwaves


 8  Which type of EMR has the lowest frequency and longest wavelength?  8  radio waves


 9  Which disease can gamma waves both treat and cause?  9  cancer


10  What is the unit for frequency? 10  hertz (Hz)


Radioactivity Answer


 1  What is an alpha particle?  1  a helium nucleus


 2  What is a beta particle?  2  an electron


 3  What is gamma radiation?  3  an EM wave


 4  What is an atom of an element with a different number of neutrons called?  4  an isotope


 5  Which form of radiation is not defl ected by a magnetic fi eld?  5  gamma


 6  Which form of radioactivity is used in a smoke alarm?  6  alpha


 7  What is the unit of activity of a radioactive isotope?  7  Becquerel (Bq)


 8  What is the time taken for half the undecayed nuclei of an isotope to decay?  8  half-life


 9  Which form of radioactivity is used to monitor the thickness of materials?  9  beta


10  Which form of radioactivity is the least penetrating? 10  alpha


Physics Knowledge Booster 2: 
Waves and Radiation
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Nuclear Fission and Fusion Answer


 1  What is the splitting of an atomic nucleus called?  1  nuclear fi ssion


 2  Which two substances are used in nuclear reactors?  2  Uranium 235


Plutonium 239


 3  What must a radioactive fuel fi rst absorb for fi ssion to occur?  3  a neutron


 4  What is released when a nucleus splits?  4  neutrons and energy


 5  What happens when released neutrons continue fi ssion?  5  a chain reaction


 6  In a nuclear reactor, how is fi ssion controlled?  6  moderators and 


control rods


 7  What is the concern about the products of fi ssion?  7  they are radioactive


 8  What effects can ionising radiation have on cells?  8  damage and 


mutation


 9  What is the joining of two atomic nuclei to form a larger one called?  9  fusion


10  Where does nuclear fusion commonly take place? 10  in stars


Light Answer


 1  What happens when light rebounds from a shiny surface?  1  refl ection


 2  What happens when light changes direction as it passes into a new 


substance (like glass or water)?


 2  refraction


 3  What happens when light is spread out to show its spectrum?  3  dispersion


 4  Which sense organ do humans use to detect light?  4  eyes/retina


 5  How far is the near point of the average adult human eye?  5  25cm


 6  What happens to the speed of light when it moves from air into glass?  6  slows down


 7  What can be used to focus an image?  7  a lens


 8  What is a mirror that curves outwards called?  8  convex


 9  What happens to light refl ected from a concave mirror?  9  it converges


10  What do the angle of incidence and angle of refl ection have in common? 10  they are equal


Sound and Ultrasound Answer


 1  What causes sound?  1  mechanical 


vibrations


 2  What do humans use to detect sound?  2  ears


 3  What is the range of human hearing?  3  20–20 000Hz


 4  What does sound need in order to travel?  4  particles


 5  What happens to the sound if the frequency is increased?  5  pitch increases


 6  What happens to the sound if the amplitude is increased?  6  volume increases


 7  What type of sound can be used for cleaning and pre-natal scanning?  7  ultrasound


 8  What instrument is used to observe sound waves?  8  oscilloscope


 9  What is the unit for wavelength?  9  metres (m)


10  What can sound NOT travel through? 10  a vacuum


Physics Knowledge Booster 2: 
Waves and Radiation
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Students that get at least a C grade can:


• use a wide range of keywords


• spell most keywords correctly


• explain simply what the keywords mean.


How to use the diagram
1 Label the diagram with the correct words.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


S N


Label the:


A axle


B magnet


C north pole


D south pole


E wire coil


F contact brushes


G commutator


H direction of spin


I current in (positive)


J current out (negative)


Defi nition or description


Physics Knowledge Booster 3a: 
Electric Motors
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Answers


output


S N


B B


H


A


D C
E


FG


I J


Label the:


A axle


B magnet


C north pole


D south pole


E wire coil


F contact brushes


G commutator


H direction of spin


I current in (positive)


J current out (negative)


Defi nition or description


Look these up in a GCSE textbook
or on a website.


Physics Knowledge Booster 3b: 
Electric Motors
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Students that get at least a C grade:


• can use a wide range of keywords and defi nitions


• know the difference between similar words and defi nitions.


How to use the diagrams
1 Draw these diagrams and label them with the correct words.


2 Check your answers against the answer sheet.


3 Repeat until you feel confi dent.


A  Put the labels on the ray diagram:


normal, angle of incidence, 


angle of refl ection, incident ray,


refl ected ray


plane mirror


B  Draw the ray diagram of light moving 


between air and a glass block.


normal


glass


air


air


light ray


C  This is a refl ection from a plane mirror.


Draw the ray diagram to show the position 


of the image in the mirror.


plane mirror


object


normal


eye


D  Draw the rest of this ray diagram to show 


how light can move down an optical fi bre.


light ray


optical fibre


Physics Knowledge Booster 4a: 
Ray Diagrams  
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Answers
Checklist


� Pencil


� Ruler


� Lines touch the ‘surface’


� Lines are always straight


� Lines change direction at surface, do not bend


A  Put the labels on the ray diagram:


normal, angle of incidence, 


angle of refl ection, incident ray,


refl ected ray


normal angle of


reflection
angle of


incidence


incident ray reflected ray


plane mirror


B  Draw the ray diagram of light moving 


between air and a glass block.


normal


glass


air


air


light ray


C  This is a refl ection from a plane mirror.


Draw the ray diagram to show the position 


of the image in the mirror.


plane mirror


image


object


normal


eye


D  Draw the rest of this ray diagram to show 


how light can move down an optical fi bre.


light ray


optical fibre


Physics Knowledge Booster 4b: 
Ray Diagrams  
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Physics Knowledge Booster 5: 
Create a Knowledge Booster


Use your exam specifi cation to write your own questions and answers. Use the 


sheet for revision and swap your questions with friends.


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer


Knowledge Booster Topic: ___________________________________________ Answer
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Rationale
Understanding key concepts in physics is essential for a learner to be able to 


explain processes and solve problems. Learners need to be able to understand 


and construct these concepts for themselves, identifying the important features, 


making links and being able to sequence an explanation. By engaging learners 


with some long-answer questions, teachers can try to improve their attempts. 


As learners do more of these, their understanding will improve and their 


confi dence will increase.


Activities
These activities aim to encourage learners to construct their own understanding 


of the key concepts. The activities are structured using key questions to answer, 


keywords to understand and statements to sequence. Once the concept has 


been tackled using the activity, learners can then apply their understanding to 


some long-answer questions. These are arranged with increasing demand: 


describe, explain and apply.


Suggested approaches
• Begin with a starter activity to establish current understanding.


• Towards the end of the topic use the activities to consolidate, review 


or revise. 


• Use the activities for independent study in class or as homework.


Learners could be given the Concept Boosters as a homework activity, followed 


by a classroom activity of applying their knowledge and understanding to the 


long-answer questions or vice versa.


Note that the sequencing activity has no defi nitive answer, but it has to be logical.


An example mark scheme (adapted from the OCR Gateway mark scheme) is 


provided for the long-answer questions, but most of the points needed should be 


found on the Concept Boosters.


Extension activities
• Encourage learners to make their own Concept Booster from a textbook or 


specifi cation.


• Choose concepts that cover large parts of the specifi cation.
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Physics Concept Boosters: Teacher Notes


Common mistakes
General mistakes


In long-answer questions, examiners often report that learners rewrite the 


question without actually answering it.


Many answers are not clear and concise or do not follow a logical sequence. 


Also, spelling, punctuation and grammar often let an answer down.


Generating electricity


• Many candidates do not realise what a generator is made up of.


• Candidates often fail to recall the process of generating electricity.


• Candidates have diffi culty in understanding and identifying useful and 


non-useful energy transfers.


Terminal velocity


• Candidates often do not realise that terminal velocity is due to balanced 


forces.


• Often candidates do not appreciate the relationship between weight and air 


resistance throughout the fall.


Life cycle of a star


• Learners often cannot distinguish between the two separate life cycles and 


get confused with the types of star involved in each life cycle.


• Candidates regularly have diffi culty explaining why the changes happen 


during a start’s life cycle.


Convection currents


• Applying convection currents to other situations can be diffi cult for many 


candidates.


• Relating the particle model to convection currents can be diffi cult for 


less able students.


• Many candidates think that the particles expand, rather than the fl uid in a 


local region.
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Physics Concept Booster 1a: 
Generating Electricity


Students that get a Grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• boiler
• turbine
• condenser
• steam
• turbine
• generator


• fuel
• transformer
• step-up 


transformer
• step-down 


transformer 


• pylons
• effi ciency
• useful energy
• non-useful 


energy
• coal


• oil
• gas
• fossil fuel
• renewable
• non-renewable


Sequencing
Put these phrases about generating electricity into a logical sequence.


A Water in the boiler evaporates to become steam.


B The steam is cooled in a cooling tower, condensing and recycling the water.


C The steam drives a turbine.


D The electricity is stepped up by a transformer.


E The magnet is turned within the wire coil.


F Coal, oil or gas is burnt or nuclear fuels undergo fi ssion. 


G The electricity is transported along pylons and stepped down to homes.


1 What is electrical generation?


2 What is the role of the generator?


3 What is the role of the transformer?


4 Why is a fossil fuel power station only 


45% effi cient?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 1b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Physics Concept Booster 1b: 
Generating Electricity


Use Concept Booster 1a to help you practise answering questions. Students who get at 


least a Grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the major stages of generating electricity using coal (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the role of the generator in producing electricity (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain why electrical generation using fossil fuels is only 45% effi cient (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Physics Concept Booster 2a: Terminal velocity


Students that get a Grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• accelerate
• decelerate
• slow down
• speed up
• steady speed


• constant speed
• terminal velocity
• weight
• air resistance
• drag


• gravity
• friction
• increase
• decrease
• balanced


• unbalanced
• equal
• unequal
• upwards
• downwards


Sequencing
Put these phrases about terminal velocity into a logical sequence.


A The sky-diver is travelling at terminal velocity.


B A sky-diver jumps from a plane and accelerates.


C When she hits the ground she pushes up to decelerate quickly.


D As she travels faster, the air resistance increases.


E She decelerates until the forces are equal.


F When the two forces of her weight and air resistance are balanced…


G The parachute opens and the air resistance increases.


1 What is terminal velocity?


2 In what situations are forces 


balanced?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 2b to apply your improved knowledge and understanding to 


long-answer exam questions.


3 In what situations are forces unbalanced?


4 What is air resistance?


5 How does a parachute work?
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Physics Concept Booster 2b: Terminal velocity


Use Concept Booster 2a to help you practise answering questions. Students who get at 


least a Grade C:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the main events in the fall of a sky-diver, using the term terminal velocity (


6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain how the relationship between weight and air resistance changes during a sky-dive 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain how the surface area of the sky-diver’s parachute will affect it reaching terminal 


velocity (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Physics Concept Booster 3a: 
Life cycle of a star


Students that get a Grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• small star
• mass
• Sun
• red giant
• yellow dwarf
• white dwarf


• black dwarf
• hydrogen
• helium
• gravity
• temperature
• cools


• expands
• contracts
• increases
• decreases
• dense
• large star


• blue giant
• red supergiant
• supernova
• neutron star
• black hole
• explosion


Sequencing
Put these phrases about a small star cycle into a logical sequence. 


A The star uses up all its fuel and collapses under gravity.


B The star starts to use helium as its fuel.


C At this point, it starts to expand and cool to become a red giant.


D It then slowly cools until it forms a black dwarf.


E After about 10 000 billion years all the hydrogen is used up.


F It forms a hot dense star called a white dwarf.


G Small stars like our Sun use hydrogen as a fuel.


1 What is a star?


2 What do stars use as fuel?


3 What is a life cycle?


4 What is the life cycle of a star with a 


large mass?


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 3b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Use Concept Booster 3a to help you practise answering questions. Students who get at 


least a Grade C can:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe the life cycle of a star with a small mass (a yellow dwarf like our Sun) (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the effect of gravity on each stage of the life cycle of a small star (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Compare the life cycle of a small star to the life cycle of a large star (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Physics Concept Booster 3b: 
Life Cycle of a Star
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Physics Concept Booster 4a: 
Convection Currents


Students that get a Grade C or more can describe key concepts and processes. They can 


also use a range of keywords to explain concepts and processes.


When you fi rst try these activities use a GCSE textbook or GCSE website to help you if you 


need it. Then, next time, try the activities without any help.


Questions
Write at least one sentence to answer each of these questions.


• temperature
• energy transfer
• heat
• thermal


• warm
• boil
• conduction
• particles


• vibration
• density
• increase
• decrease


• fl oat
• sink


Sequencing
Put these phrases about convection currents into a logical sequence.


A The warm water is heated further by the element and the cycle starts again.


B In a kettle, the heating element is at the base.


C The warm water then sinks as it is replaced by warmer water.


D When the kettle is switched on the element heats up.


E The warmed water is less dense and rises to the top of the kettle.


F Heat energy is transferred from the element to the cooler water.


G The water near the element expands as the water particles vibrate faster. 


1 What is a convection current?


2 What direction does heat energy 


move?


3 How are particles involved in 


convection currents?


4 List some examples of where 


convection currents occur.


Keywords
Make sure that you know the meanings of these keywords and how to use them.


Next steps
Use Concept Booster 4b to apply your improved knowledge and understanding to 


long-answer exam questions.
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Physics Concept Booster 4b: 
Convection Currents


Use Concept Booster 4a to help you practise answering questions. Students who get at 


least a Grade C can:


• write a clear and detailed answer


• mostly use correct spelling, punctuation and grammar


• write in an organised, logical sequence


• use a range of appropriate keywords and phrases accurately.


Question 1 (Describe)
Describe how the water in a kettle gets to boiling point (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain why convection currents occur in a kettle (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Apply)
Explain how a heater heats a cold room (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Topic: __________________________________


Make your own Concept Booster by using a specifi cation, a GCSE textbook or 


GCSE website to help you if you need it. Use it for revision.


Students that get a grade C or more can describe key concepts and processes. 


They can also use a range of keywords to explain concepts and processes.


Questions
Write four key questions.


1  ....................................................................................................................


2  ....................................................................................................................


3  ....................................................................................................................


4  ....................................................................................................................


Keywords
Identify the keywords.


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


•  ....................................................................................................................


Sequencing
Write an explanation with phrases in a logical sequence.


A  ....................................................................................................................


B  ....................................................................................................................


C  ....................................................................................................................


D  ....................................................................................................................


E  ....................................................................................................................


F  ....................................................................................................................


G  ....................................................................................................................


H  ....................................................................................................................


Physics Concept Booster 5a: 
Create a Concept Booster


04-Physics Concept Boosters.indd   3704-Physics Concept Boosters.indd   37 05/09/2012   16:1705/09/2012   16:17







38 © Badger Learning


Physics Concept Booster 5b: Suggested Mark 
Criteria Grid for Long-answer Questions


Use this mark grid, adapted from an examiner’s mark scheme, to give yourself a 


mark for your answers.


5–6 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� All key points are given in detail.


� All information in answer is relevant and clear.


� All information is organised and presented in a logical way.


� Keywords or phrases are used appropriately.


� Few, if any, errors in grammar, punctuation and spelling.


3–4 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� Most key points are mentioned; one or two may be missing.


� Most information in answer is relevant and clear.


� Most information is organised and presented in a logical way.


� Most keywords or phrases are used appropriately.


� There are occasional errors in grammar, punctuation and spelling.


1–2 Marks
�  Answers the question from the command word, for example describe, 


explain or discuss.


� One or two key points are mentioned.


� Answer is unclear, or irrelevant information is provided.


� Most information is not organised and presented in a logical way.


� Limited use of the keywords and phrases.


� There are several errors in grammar, punctuation and spelling.


0 Marks
� Ignores command word.


� Insuffi cient or irrelevant science.


What will you do to improve next time?
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Rationale
Understanding experimental design and scientifi c methods in physics is essential 


for a learner to be able to think scientifi cally. Learners need to be able to identify 


features of experiments that are strengths or limitations, interpret data and use 


evidence to form conclusions.


Activities
These activities aim to encourage learners to apply their understanding of scientifi c 


method to a range of activities to help them gain confi dence in areas that often 


cause learners problems. These focus on understanding experiments, analysing 


charts and graphs and fi nally some key calculations that are often troublesome for 


learners.


Suggested approaches
There are three types of task: explaining experiments, understanding graphs and 


charts, and key calculations.


Explaining experiments


Experiment Booster 1a can be used for any experiment that is described. 


Experiment Booster 1b has hints to help learners know what to look for. These 


can be used with Experiment Booster 1c. The 1a and 1b scaffolds can be applied 


to analyse any experimental design.


Understanding graphs and charts


Experiment Booster 5 can be used for any chart or graph as a scaffold to 


understand it. Examples include: line graphs (focus on velocity-time graphs) 


in Experiment Booster 2a, bar charts (focus on world energy consumption) 


in Experiment Booster 2b and pie charts (focus on background radiation) in 


Experiment Booster 2c.


Experiment Booster 3a has a special focus on the Sankey diagram that often 


presents diffi culties for learners. Answers for learners are provided in Experiment 


Booster 3b.


Key calculations


Experiment Booster 4a concentrates on calculations with units. Experiment 


Booster 4b provides some examples for practice calculating the mean. Finally a 


task on units commonly used in physics is the focus of Experiment Booster 4c.


Physics Experiment Boosters: Teacher Notes
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Extension activities
Try a variety of past exam questions using Experiment Booster 1a: Explaining 


Experiments.


Common mistakes
Explaining experiments


• Candidates often have problems identifying variables as independent, 


dependent or control.


• They have trouble stating aims, hypotheses or predictions.


• They have trouble articulating whether an experiment is reliable, accurate or 


precise.


Understanding graphs and charts


Candidates often have trouble interpreting graphs, specifi cally:


• reading values from a graph


• identifying trends or patterns in data


• describing trends in data clearly (change, direction, and by how much)


• applying science to conclusions.


Sankey diagrams


Examiners often comment that Sankey diagrams appear unfamiliar to some 


candidates. Common problems include learners being unable to work out the unit 


that one square represents, failing to check that the number that goes in equals 


the number that comes out and failing to show workings.


Key calculations


Candidates regularly lose marks because they cannot calculate the mean of 


results. Also, learners often have diffi culty converting units such as pounds to 


pence or watts to kilowatts, and vice-versa.


Physics Experiment Boosters: Teacher Notes
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Students that achieve a grade C or more can:


• identify variables: independent, dependent and control


• make a hypothesis or prediction


• understand reliability, accuracy and precision


• suggest relevant improvements to an experiment.


To help you understand experiments, use this table to identify the features of an 


experiment. For some sections the information may not be available. These can 


be used to help identify improvements.


List all the variables in the experiment:


The independent variable: The dependent variable:


The aim, hypothesis or prediction:


Is there a control? If so, what is it and why is it used?


Comment on the reliability: Comment on the accuracy: Comment on the precision:


The experiment could be improved by:


Physics Experiment Booster 1a: Explaining Experiments
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This sheet will help you to complete Experiment Booster 1a if you get stuck.


List all the variables in the experiment:
Variables are the factors that could affect the investigation or experiment.


For example time, temperature, pH, mass, length.


The independent variable:
The variable that is being investigated.


The variable that the experimenter changes.


The dependent variable:
The variable that is measured or observed.


The variable that the experimenter fi nds out.


The aim, hypothesis or prediction:
What is the experiment trying to fi nd out?


What is expected to happen and why?


Is there a control? If so, what is it and why is it used?
A control is used to check that only one variable is having the effect, for example in medical trials a 


placebo is used to ensure that any changes are the result of the actual active ingredient and not just the 


psychological effect of taking a tablet.


Comment on the reliability:
How many times was the 


experiment repeated?


The more times, the more reliable.


Comment on the accuracy:
How close is the measurement to 


the true value?


What equipment was used to 


make measurements?


Electronic measurements 


are more accurate than 


measurements made by humans.


Comment on the precision:
Was the data precise enough to 


form a valid conclusion?


Were the readings close enough 


together?


Does the data tell you what you 


wanted to know?


The experiment could be improved by:
Think about the methods and apparatus used. Could it be better? How?


Are the results reliable? Could it benefi t from being repeated?


Are the results accurate? Could better measurements be taken? How?


Are the results precise? Could it benefi t from more measurements, are they close enough together, does 


the data tell you what the experiment was looking for?


Physics Experiment Booster 1b: 
Explaining Experiments Support Sheet
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Use Experiment Booster 1a to help you understand this experiment. Students that achieve 


a Grade C or more can:


• understand reliability, accuracy and precision


• suggest relevant improvements to an experiment.


Investigating insulation
Coffee in a cardboard cup often burns your fi ngers when you hold the cup.


Some students wanted to work out the minimum thickness of cardboard that could be 


used so that the drinker would not burn their fi ngers.


cup A


no cardboard


cup B


1 layer


cup C


2 layers


cup D


3 layers


cup E


4 layers


The students took 5 identical cardboard cups.


Four of the cups had layers of cardboard stuck around them. The fi rst one had one layer 


added, the second, two layers, the third, three layers and the fourth four layers.


A temperature probe was attached to each of the 5 cups.


The probe was connected to a datalogger set to record temperature for fi ve minutes.


The graphs were compared.


Questions
How could the following aspects of this experiment be improved?


A Reliability


B Accuracy


C Precision
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Students who get a grade C or more can:


• analyse line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


Use Experiment Booster 5 on the CD to understand the graph. Then answer the questions 


beneath the graph.


This is a velocity-time graph. Use this graph to make sure you have the knowledge, 


understanding and skills you require for understanding line graphs and motion.
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Questions
1 Describe the relationship between time and velocity.


2 At 16 seconds, what is the velocity?


3 How long did it take to reach 20 m/s?


4 What type of motion does the graph show?


Physics Experiment Booster 2a: 
Understanding Line Graphs
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Students who get a grade C or more can:


• analyse bar charts


• describe trends or relationships between variables


• take accurate readings from bar charts.


Use Experiment Booster 5 on the CD to help you to understand the graph. Then answer 


the questions underneath the graph.


This bar chart shows energy use in different years by developed and developing countries.
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Questions
1 Describe the predicted trends of future energy use by developed and developing 


countries from 2015.


2 Compare the amount of energy used by developed and developing countries 


between 1990 and 2008.


3 Suggest the problems with energy that the world will face by 2030.


Physics Experiment Booster 2b: 
Understanding Bar Charts
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Students who get a grade C or more can:


• analyse pie charts


• describe trends or relationships between variables


• take accurate readings from pie charts.


Use Experiment Booster 5 on the CD to help you to understand the chart. Then answer 


the questions underneath the chart.


This pie chart shows the sources of background radiation.


radon gas


cosmic


rays


medical


(including


x-rays)


food and


drink


rocks


Questions
1 Compare the sources of background radiation.


 Use most, least, similar. 


 State how they are different using estimated percentages.


2 Explain the differences in the proportions of natural and human-made sources.


Physics Experiment Booster 2c: 
Understanding Pie Charts
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Students who get a grade C or more can:


• analyse and interpret charts and diagrams


• take accurate readings from charts.


The Sankey diagram shows the energy transfers of a motor.


movement


wasted energy


electrical


energy input


A Sankey diagram always shows what goes in and what comes out of a situation. The 


diagram above is an energy diagram. 


How to analyse a Sankey diagram
Step 1


Work out how much each small square represents. In this case, look at the ‘energy input’ 


on the left. There are 25 small squares that represent 5000J of energy in total.


How much energy does each small square represent? ________


Step 2


Look at where the energy comes out. Count how many small squares wide they are. Then 


convert to energy in J.


Energy lost in waste: _____ small squares × ______ = ________


Energy that is useful: _____ small squares × ______ = ________ 


Step 3


Check that the number that went in is the same as what comes out.


Physics Experiment Booster 3a: 
Understanding Sankey Diagrams
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Answers


movement


wasted energy


electrical


energy input


Step 1


Work out how much each small square represents.


In this case, look at the ‘energy input’ on the left. There are 25 small squares that 


represent 5000J of energy. How much energy does each small square represent? 


5000 ÷ 25 = 200J per small square


Step 2


Look at where the energy comes out. Count how many small squares wide they 


are. Then convert to energy in J.


Energy lost in waste: 15 small squares × 200 = 3000J


Energy that is useful: 10 small squares × 200 = 2000J


Step 3


Check that the number that went in is the same as what comes out.


3000J + 2000J = 5000J


Physics Experiment Booster 3b: 
Understanding Sankey Diagrams
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Students who get a grade C or more can:


• calculate using decimal places


• calculate using conversions of time or energy.


Converting energy


• There are 1000 watts in a kilowatt.


• To convert watts into kW, divide by 1000.


• To convert kW into watts, multiply by 1000.


 1 How many watts are in 2kW?


 2 How many watts are in 0.5kW?


 3 How many watts are in 2.5kW?


 4 How many watts are in 1.5kW?


 5 How many watts are in 10kW?


 6 How many kilowatts is 1000 watts?


 7 How many kilowatts is 500 watts?


 8 How many kilowatts is 1500 watts?


 9 How many kilowatts is 100 watts?


10 How many kilowatts is 1000 watts?


Converting time


• There are 60 minutes in 1 hour.


• To convert minutes into hours, divide by 60.


• To convert hours into minutes, multiply by 60.


 1 How many minutes in 2 hours?


 2 How many minutes in 0.5 hour?


 3 How many minutes in 1.5 hours?


 4 How many minutes in 10 hours?


 5 How many minutes in 24 hours?


 6 How many hours is 120 minutes?


 7 How many hours is 30 minutes?


 8 How many hours is 15 minutes?


 9 How many hours is 45 minutes?


10 How many hours is 240 minutes?


Calculating cost of running electrical 
appliances


Total cost = number of units × cost per unit


1 unit of electricity = 1kWh


Calculate the cost of:


1 A 1kW fi re in 1 hour at 7p per unit.


2 A 2kW fi re in 2 hours at 7p per unit.


3 A 7kW fi re in 30 minutes at 7p per unit.


4 A 100W lamp in 1 hour at 8p per unit.


5 A 60W lamp in 15 minutes 8p per unit.


Calculating energy


The unit for energy is joules (J).


The unit for power is watts (W).


The unit for power is also joules per second (J/s).


watts = joules per second.


energy transferred (J) = power (W) × time (s)


Calculate the energy transferred for:


1 A 100W lamp in 20s.


2 A 60W lamp in 20s.


3 A 100W lamp in 1 minute.


4 A 60W lamp in 30 minutes.


5 A 1kW fi re in 30 minutes.


Physics Experiment Booster 4a: 
Key Calculations – Calculation in Units
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Physics Experiment Booster 4b: 
Key Calculations – Calculating the Mean


Students who get a grade C or more can calculate the mean of a given set of results.


The average, or mean, is calculated by adding up each result, then dividing this total by 


the number of results taken.


Worked example
Temperature decrease of an insulated fl ask in one hour.


Repeat 1 Repeat 2 Repeat 3


Temperature decrease (°C) 10 11 9


Average =
  


Sum of the results


Number of results


Working:   =  


  


10 + 11 + 9


3   


30


3


Mean: ________10________ Unit: ________°C________


Calculation 1
The extension of the spring as masses are added to it.


Repeat 1 2 3 4 5


Extension of a spring (mm) 101 100 100 99 102


Working: 


Mean: __________________ Unit: __________________


Calculation 2
The current in an electrical circuit, taken in the same place.


Repeat 1 2 3 4


Current (A) 0.24 0.25 0.24 0.25


Working: 


Mean: __________________ Unit: __________________
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Physics Experiment Booster 4c: 
Key Calculations – Units in Physics


Students who get a grade C or more can use units appropriately.


For each of the situations below, select the appropriate units from this list:


• million years
• °C
• A
• mm


• billion years
• m/s
• V
• mm2


• years
• m/s/s
•  Ω
• cm3


• light years
• J
• W


• m2


1 Measuring the length of a wire ______________


2 Measuring the cross-sectional area of a wire ______________


3 Measuring the volume of a small wooden block ______________


4 Measuring the surface area of an insulated wall ______________


5 Measuring the resistance of a wire ______________


6 Measuring the current in a circuit ______________


7 Measuring the potential difference in a circuit ______________


8 Age of a yellow dwarf star ______________


9 Distance to our nearest galaxy ______________


10 Temperature of a radiating surface ______________


11 Speed of a cyclist ______________


12 Acceleration of a falling ball ______________


13 Energy to move a book from a shelf to a table ______________


14 Age of the universe ______________


15 Rate of energy use by a computer game console ______________


16 Temperature of the surface of the Sun ______________


17 Velocity of a planet orbiting the Sun ______________


18 Half life of a radioactive element ______________


19 Electrical energy to heat a kettle ______________


20 Thickness of loft insulation ______________
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Students who get a grade C or more can:


• analyse bar charts, histograms, pie charts and line graphs


• describe trends or relationships between variables


• take accurate readings from graphs.


This task will help you to improve these skills.


What type of graph or chart is it?
� Table of results


� Bar chart


� Histogram


� Pie chart


� Line graph


� Other


Identify the independent variable(s):


Identify the dependent variable(s):


What is the graph showing?


What are the relationships or trends between the variables (if any)?


Are there any anomalous results? 
Explain them.


How close together are the measurements? 
State the intervals.


Could these be improved?


What conclusions can be made from the evidence in the graph or chart?


Physics Experiment Booster 5: 
Understanding Graphs and Charts


05-Physics Experiment Boosters.indd   5205-Physics Experiment Boosters.indd   52 05/09/2012   16:1705/09/2012   16:17







53© Badger Learning


P
h
ysic


s A
rg


u
m


e
n
t B


o
o
ste


rs


Rationale
Learners need to be able to understand controversial issues and be able to 


present an argument. These activities encourage learners to present different 


views and use evidence to make a decision. 


Activities
These activities aim to encourage learners to use information to identify 


advantages and disadvantages of technologies, develop arguments from a social, 


economic, environmental or ethical viewpoint and discuss a controversial issue. 


Argument Booster 5 can be applied to most controversial issues and be used as 


a scaffold to identify the key features of a debate.


Suggested approaches
These can be used as a starter activity to establish current understanding, 


towards the end of a topic to consolidate, review or revise, for independent study 


in class or as a homework activity.


Argument Booster 5 should be used as the scaffold when reading information on 


the main Argument Boosters; the exam-style questions can then be used to apply 


this information.


Follow up with past exam questions.


Extension activities
Encourage learners to develop a summary of each controversial issue for revision.


Common mistakes
Candidates often fail to identify the type of argument or viewpoint. If asked to 


argue from an economic perspective, candidates often draw on a range of other 


arguments, losing marks.


Mission to Mars


• Candidates often have diffi culty applying their knowledge and understanding 


to a new situation.


• Ethical issues are not always identifi ed by students – the ‘could we – should 


we’ arguments.


Physics Argument Boosters: Teacher Notes
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The issues of using Wi-Fi


• Candidates need to be able to distinguish between opinion and fact.


• Candidates do not always appreciate is that scientists cannot know 


long-term effects when new events are observed. 


The future of non-renewables


• This task highlights a range of viewpoints, but the learner must ensure that 


they focus on the economic arguments in the second question.


• The discussion question encourages candidates to explore the economic 


and ethical issues around searching for and retrieving fossil fuels.


Atoms in history 


• Candidates sometimes have trouble recognising the evidence that led 


to a change in a scientifi c model. In this task the candidate can read the 


evidence each scientist has to build their model.
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Physics Argument Boosters: Teacher Notes
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


• demonstrate good understanding of the benefi ts and risks of scientifi c advances, 


and identify ethical issues related to these. 


Use Argument Booster 5 to help you understand the issues.


Background information
Read this report and then complete the tasks below. 


Should we send astronauts to mars?


It has been estimated that it will cost $20 billion to go to Mars. Humans have 


stepped on the Moon. It is human nature to explore. Stepping on Mars would 


be a huge leap forward for humankind.


It takes between 150 and 300 days (up to 10 months) to get to Mars. Then 


the astronauts would need to do the same journey to return. During the fl ight 


astronauts would face unknown risks as well as:


• Risk of exposure to cosmic radiation (which can cause cancer).


• The effects of low gravity environments (which can damage bones and 


eyesight).


• Medical emergencies with no access to a hospital.


• Mechanical failure of the space-craft which may not be fi xed.


• Psychological effects of isolation, travelling in a small space and with 


low light.


Our technology is not yet advanced enough for this type of space travel. 


We need to develop better materials to build a space craft that protects our 


astronauts from cosmic radiation. We also should investigate better fuels that 


could reduce travel times; nuclear fuel may be the solution.


If we got to Mars and landed, we could contaminate it with microbes from 


Earth. If microbes exist on Mars, it could damage the Martian ecosystem. 


We may not have the Earth forever. It could be hit by a meteor or become 


uninhabitable due to a huge human population. We need to explore Mars as a 


back-up planet to live on.
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


• demonstrate good understanding of the benefi ts and risks of scientifi c advances, 


and identify ethical issues related to these. 


Question 1 (Describe)
Describe the advantages and disadvantages of sending humans to Mars (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain the economic reasons for and against sending humans to Mars (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss the ethical arguments for and against sending humans to Mars. Justify your 


conclusion. (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Physics Argument Booster 1b: Mission to Mars
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Students that achieve a grade C or above can:


• recall arguments for and against new technology.


• understand that there are different types of argument.


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues. 


Background information
WiFi is a system that joins a computer to the internet without using wires. A 2400 


megahertz microwave signal is used to link a computer to a device called a router. Read 


these statements about WiFi.


Physics Argument Booster 2a: 
The Issues of Using WiFi


“Within a few months of WiFi being installed, stories start coming forward with 


kids complaining about headaches, neurological effects, loss of balance and 


problems with fi ne motor skills.”
A teacher at a Canadian School, who is concerned about WiFi in the school


“On the basis of the published studies and those carried out in-house, the 


HPA sees no reason why Wi-Fi should not continue to be used in schools and 


in other places. However with any new technology a sensible precautionary 


approach, as happened with mobile phones, is to keep the situation under 


review so that parents and others can have as much reassurance as 


possible.”
Health Protection Agency (HPA) Statement


“People in my constituency are worried about the health effects of WiFi 


signals in schools. I believe that there is a risk to health and we should take 


precautions.”


A politician


“I think in years to come there will be more brain tumours because of all this 


WiFi in the air.”
A grandfather
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the concerns people have about WiFi (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain which of the arguments are fact and which are opinion (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Explain why scientists cannot say for sure that WiFi has no effect on health (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Physics Argument Booster 2b: 
The Issues of Using WiFi
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues. 


Background information
Read the arguments below for information.


Physics Argument Booster 3a: 
The Future of Non-renewables


Some people think that fossil fuels will last longer than predicted.


Oil is predicted to last for 30–40 years. Oil companies claim that they have 


found many reserves, but they would be extremely expensive to extract, in 


some cases almost impossible. There are large reserves in the Arctic which 


are as yet untouched. 


Coal is predicted to last for 126 years. There are many locations in the world 


with very large usable reserves. There are many known reserves that are not 


as easy to mine, as they are too deep or inaccessible.


Natural gas is predicted to last for at least 60 years. More sophisticated 


methods of extraction are being developed including ‘fracking’.


Uranium is the fuel for nuclear reactors. A study in 2003 predicted that 


enough uranium was still available to build 1000 reactors and run them for 40 


years. Other elements such as plutonium could be used instead of uranium.


• As demand increases, fossil fuels get more expensive.


• Countries with large reserves can set prices for export to other 


countries.


• There are places on Earth that are protected from mining activity, for 


example, the Arctic. However, as the energy demand increases these 


areas could be destroyed.


• As technology improves, we may be able to reach reserves that we now 


think are too expensive or too diffi cult to reach.
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Question 1 (Describe)
Describe the advantages and disadvantages of searching for more fossil fuels (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Write an argument about the economic issues of searching for more fossil fuels (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss whether we should invest in fi nding and getting more non-renewable resources 


instead of paying for research into renewables. 


Justify your conclusion (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Physics Argument Booster 3b: 
The Future of Non-renewables
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Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint.


Use Argument Booster 5 to help you understand the issues. 


Background information
Read this information.


Physics Argument Booster 4a: 
Atoms in History


Thomson’s ‘plum-pudding’ model


In 1904 JJ Thomson discovered the negative 


particles called ‘electrons’.


At that time, people thought that atoms 


were the smallest particles. He realised 


that electrons must have come from inside 


atoms.


Thomson knew that atoms had no opposite 


charge. He proposed a model that atoms 


must be a positive cloud with electrons 


spread out within it, a bit like currants in 


a bun. This was called the plum-pudding 


model.


Rutherford’s atom


In 1911, Ernest Rutherford proposed a new 


model. His atom was a very small central 


positive nucleus surrounded by electrons.


Rutherford based this model on new 


evidence. He fi red alpha particles at a 


very thin piece of gold. He was expecting 


the alpha particles to go straight through. 


Instead a small number of them rebounded 


in a regular pattern. The positive alpha 


particles were being repelled by a positive 


nucleus in the centre of the atom.
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Physics Argument Booster 4b: 
Atoms in History


Students that achieve a grade C or above can:


• recall arguments for and against new technology


• understand that there are different types of argument


• make a conclusion based on a particular viewpoint


Question 1 (Describe)
Describe the evidence that Thompson had for his model of the atom (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 2 (Explain)
Explain why Rutherford’s model replaced Thompson’s model (6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


Question 3 (Discuss)
Discuss what type of evidence is needed to change an accepted scientifi c model. 


(6 marks).


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................


.........................................................................................................................................
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Topic area: _________________________________________


Fill in as much information as you can; you may not have enough for all the boxes.


What is the controversial issue?


What are the advantages? What are the disadvantages?


Environmental arguments: Economic arguments:


Social arguments: Ethical and religious issues:


Opinions: Facts or evidence:


Your view/thoughts:


Use the suggested mark criteria on page 38 to mark your answers.


Physics Argument Booster 5: 
Controversial Issues


06-Physics Argument Boosters.indd   6306-Physics Argument Boosters.indd   63 05/09/2012   16:1805/09/2012   16:18







64 © Badger Learning


Anderson, L.W., Krathwohl, D.R., Airasian, P.W., & Samuel, B. (2001). A 
taxonomy for learning, teaching and assessing: A revision of Bloom’s taxonomy of 
educational objectives. New York: Longman.


Biggs, J., & Collis, K. (1982). Evaluating the quality of learning: The SOLO 
taxonomy. New York: Academic Press.


http://science.nasa.gov/science-news/science-at-nasa/2004/17feb_radiation/


www.cbc.ca/news/canada/toronto/story/2010/08/15/ontario-wifi .html


www.eia.gov/forecasts/ieo/index.cfm


www.hpa.org.uk/webw/HPAweb&Page&HPAwebAutoListName/


Page/1199451940308


www.peep.ac.uk/content/721.0.html


www.popularmechanics.com/science/space/moon-mars/we-should-send-


humans-to-mars-but-not-let-them-land-10588563


www.technologyreview.com/featured-story/406013/the-best-nuclear-option/3/


References
P


h
ys


ic
s 


R
e
fe


re
n
c
e
s


06-Physics Argument Boosters.indd   6406-Physics Argument Boosters.indd   64 05/09/2012   16:1805/09/2012   16:18





		01_Physics Prelims

		02-Physics Introduction

		03-Physics Knowledge Boosters

		04-Physics Concept Boosters

		05-Physics Experiment Boosters

		06-Physics Argument Boosters





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




image7.jpeg




image8.png
“Treat others the
way you wane o be
‘reated”

“Blessed are the
nakers™





image9.png
-Control your anger,the
forgve your brother. 0o
o netushto be
forgenr

4 has mad you
custodians of the sartn.”

A





image10.png
Tf a person forgves and
ke reconciaton, s
Peward s do from Gad

o

A people e eque.es
h esth of acomb”

(

“Paradise s at the feet
ot your mother.”

ta




image11.png
USE AVARIETY OF _>

METHODS TO KEEP

'RECORD YOURSELF READING. i
THROUGH YOURREVISION =~ AND FAMILY TO /('
NOTES D UISTENTOIT #7  TEST YOU 4\\





image12.png




image13.jpeg




image14.jpg
education anywhere




image15.jpeg




image16.jpeg




image17.jpeg
@)
‘ \




image18.jpg
Th& &\5}& X

Freua

The Humanistic fPerspecnve
Masiow

The Sorinitenvmingd peve oo ¢

Banaura w G

The _Constructis perspective
Mug_v anda \/:)ayb\ma

=
| Loe_Benaviauy Perspecs
Shinner

N
gener

Benaviowyr 1S cown 10
and Ccannot be cnan%ed

t5|oto%‘ccu Clifferences ma w\ﬂmmebe Q
OUEver 110Ut Theors
0N pralogical clifferences nat xs

e Qre bom with alfﬁmn W 100 10 ClifFeren
I CEt QN WOUS- 3

mmwguesc:




image19.jpg
Thisis A Sobsri tuion womin

(LALtON AS AfOTS ARE

7 crncomtion o g e y
1ADICAL. L
FREE RADICAL
= «—— SipHIkN
FRec Raicals (ollide TESMINAHONE — eA(H (hoin
ihoines molclules 0 it roais colide MR,
fmpanfree (ADICALS Combire- HighlY exothermic 70; r‘;qm.uoo
OVES befort
HrminAgn

LU Proesd)
@ 1K VRV TP
(e, tht

BIEAKING bonds 15 OMEHMES CAllED 60 The whY Bonds
1eAK has AN nfluence on the reaction-

HomalYk¢ Fissidn . (vlﬂlylm'"
e 100 £1eCHDn. 0 PAIT up Wit
AMHN(K AR

ton -

nACOVAILNT Sond ,Apir one
T OSORED

400 HOTT ) each Arom. The dot

bt WEEN o

et bod dicates unaured

tlectron

~ RIS - 11 a1t

DOmABlections @40 nticcHonEh

JUSHOPK PHOM AL v 10> aree
AEGETAVIEY CARGED— mure of e




image20.png




image21.jpg
B
3 The CONSTITUTIONAL
MONARCHY - Rform france

oD e

b 5 e tgrian

i et st
R

> tasation £ fanes

> ety

>t g st

S@ATSE N}




image22.jpg




image23.jpg




image24.jpg




image1.png




image2.png
Education on Demand




