To help you get started in your planning, the following grid shows how the available Hodder Murray resources fit into each module of GCSE Science for WJEC. The resources available span a Student’s Book and the Interactive Presentations CD-ROM.

Biology 1

	Chapter and section
	Specification objectives (bold for Higher tier)
	Resources
	Key words
	Possible How Science Works outcomes

	Chapter 1 – Genes and variety

	1 Adaptation and competition
	1a) know that organisms that have similar features and characteristics can be classified together in a logical way.
1a) understand the need for a scientific system for identification and scientific as opposed to 'common' names.
	Chapter 1, pages 1–4

(the material on phyla, families, genera is for information for the sake of further interest, and goes beyond what is required)

Photos/pictures of other simple animals to classify – cat, fox etc
	classification 

invertebrates 

mammals 

species 

vertebrates
	4c how ideas change over time and the role of the scientific community in validating these changes (Linnaeus to modern taxonomy)

	
	1c) explore information about the morphological adaptations shown by organisms which enable them to survive in their environment.

	Chapter 1, page 4

Pictures of foxes from different regions, page 4 (and others from websites)
	adaptation 


	

	
	1d) know that individuals have a basic need for energy and resources from their environment and that the size of a population of individuals may be affected by competition, for food, space, light; predation, disease, pollution, availability of minerals.
	Chapter 1, pages 4–6


	competition 

habitat 

minerals

predator

prey

resources
	

	
	1b) use local first and/or second hand data/ICT simulation to compare the variety of organisms which live in particular habitats; investigate how the organisms in an area are affected by other organisms.

1e) examine how indicator species, changes in pH and oxygen levels may be used as signs of pollution in a stream and the examination of lichens as indicators of air pollution.
	Chapter 1:  pages 6– 9

Practical work: ‘Using indicator species to determine the pollution in a river’, pages 6-9

Resources: Pond nets, sample containers, sorting trays, specimen tubes, a pH meter or test papers, a thermometer

Video: ‘Human impact on the environment’ from the Interactive Presentations CD-ROM.

Useful: Lichens and Air Pollution wall chart and booklet, painted by Claire Dalby for the Natural History Museum and BP Educational Services; available from British Lichen Society.
	indicator species

lichen

pH and oxygen levels

pollution 

population

representative sampling

sulfur dioxide
	1a, 2a, 2b Students gather data to test a theory about sources or the effects of pollution,

2d, 3a, 3c Students evaluate the evidence and develop a conclusion.

Students consider possible reasons for variation in their results (random/systematic errors).

	2 Variation
	2a) examine the variation in height/length in individuals of the same species by collecting and analysing data and know that variation may be due to environmental or genetic causes.

	Chapter 1, pages 9–11 (the material on dominant alleles is information for the sake of further interest and is not required)

Practical work: ‘Observing variation due to heredity’, page 10 (graph paper)

Question 4, page 12
	continuous

discontinuous

environmental factors

genes

mutation

phenotype

variation
	3b 3c Decide whether bar charts or line graphs are most appropriate for continuous and discontinuous variables. Plotting histograms

3a Apply scientific information and ideas 

	
	2b) know that sexual reproduction leads to offspring that are genetically different from the parents unlike asexual reproduction where genetically identical offspring called clones are produced from a single parent. Sexual reproduction therefore gives rise to increased variation.
	Chapter 1, page 11

Animation: ‘Cloning’ on Interactive Presentations CD-ROM
	asexual reproduction

clones

egg 

fertilisation

inheritance

sexual reproduction

sperm

variation
	

	
	2c)  understand that new genes result from changes, mutations, in existing genes and that mutations occur naturally at random. Mutations may be beneficial or harmful and are increased by exposure to radiation and some toxic chemicals.
	Chapter 1, pages 11–13

Questions 1–3, page 12
	chromosome

exposure

gamma rays

mutation

ultraviolet radiation

X-rays
	

	
	2d)  variation is the basis of evolution.
	Chapter 1, pages 11-12
	evolution

variation
	

	3 Evolution
	3d) consider the process of data collection, creative interpretation and deduction that led Charles Darwin to propose the theory of evolution.
	Chapter 1, page 13

Question 5
	Darwin

evolution

natural selection
	1b How interpretation of data, using creative thought, provides evidence to test ideas and develop theories – students appreciate how extensive observations made by Darwin led to his developing a theory of inheritance to explain his observations

	
	3d) Discuss the controversy surrounding the acceptance of the theory.
	Chapter 1, pages 14 –16

www.darwinforum.org.uk
www.newscientist.com/channel/life/evolution
	creationism
	4c How uncertainties in scientific knowledge and scientific ideas change over time and about the role of the scientific community in validating these changes. (Students discuss reasons why Darwin’s theory of natural selection was only gradually accepted and appreciate the social and religious context in which Darwin put forward his theory.)

	
	3b) Consider the uses and limitations of modelling to illustrate the effect of camouflage colouring in prey and predator relationships.
	Chapter 1, page 14

Case study: natural selection in snails

Any predator/camouflage model/simulation, such as picking out coloured pasta shapes from a suitable camouflage background.


	camouflage

limitations

model

predator

prey
	Students understand the models have limitations because they cannot exactly reproduce the situation

	
	3b) consider how individuals with characteristics adapted to their environment are more likely to survive and breed successfully.
3c) know that the genes which have enabled these better adapted individuals to survive are then passed on to the next generation. This is natural selection.

3d) Discuss evidence that

evolution is ongoing such as data on warfarin resistance in rats.
	Chapter 1, page 15

Question 7, page 17

Any suitable resources on the peppered moth, there are some free interactive simulations on the web
	adapted

breed

survive

evolution

natural selection

evolution

mutation

warfarin

warfarin resistance
	Scientific knowledge changes over time with the collection of more data.

	
	3a) examine evidence and interpret data about how organisms and species have changed over time.
	Chapter 1, page 16–17

Question 6, page 17

Any suitable diagrams on horse/human fossil evolution e.g. older textbooks
	extinct

fossils
	Students interpret evidence relating to evolutionary theory.

	4 Inheritance
	4d) understand the significance of mitosis and meiosis.
	Chapter 1, pages 18–22

(the material goes a little beyond what is required; DNA replication not required)

Practical Work: ‘Looking at the nucleus’, pages 18–19

Resources: safety goggles, garlic root tip, Feuben’s stain, microscope slide with 45% ethanoic acid solution, mounted needles, cover slip, filter paper, microscope)

Practical Work: ‘Making a model showing a stage of meiosis’, page 22

Resources: pipe cleaners, wire ties, adhesive tape, adhesive labels, plain paper, ruler
	chromosome number

gamete

meiosis

mitosis


	2c Work accurately and safely, individually and with others, when collecting first-hand data.



	
	4g) consider the scientific process of experimentation, observation and deduction that led Gregor Mendel to propose the mechanism of inheritance. Discuss why the significance of the work was not recognised and validated by scientists for many years.

4e) know that genes are sections of DNA molecules that determine inherited characteristics and are in pairs. Genes have different forms, called alleles.
	Chapter 1, pages 22–25 (the material on dominant alleles should prepare students for the construction of Punnett squares)

Questions 9–11, page 30
	alleles

dominant

heterozygous

homozygous

inheritance

genotype

monohybrid 

phenotype

recessive


	Students appreciate how meticulous observations made by Mendel on pea plants led to his developing a theory of inheritance to explain his observations, and consider the importance to Mendel in using large numbers and repeating his experiments before drawing conclusions, i.e. that evidence must be reliable; 

how uncertainties in scientific knowledge change over time (existence of DAN and genes was not known till years after Mendel’s death) and the role of the scientific community in validating these changes.

	
	4h) be able to complete Punnett squares and explain the outcomes of monohybrid crosses.
	Chapter 1, page 25

Questions 12 & 13, page 31
	alleles

dominant

monohybrid

Punnett square

recessive
	

	
	4i) understand that some mutations cause conditions which may be passed on in families, as shown by the mechanism of inheritance of cystic fibrosis, and be able to interpret family trees.
	Chapter 1, pages 26–27
	carrier

cystic fibrosis

dominant

genotype

heterozygous

homozygous

mutation

Punnett square

recessive
	

	
	4f) know that in human body cells, one of the pairs of chromosomes carries the genes which determine sex, XX or XY. These separate and combine randomly at fertilisation.
	Chapter 1, page 27
	sex chromosomes
	

	
	4a) know that chromosomes are strands of DNA. DNA contains coded information that determines how cells function due to the types of proteins coded for. DNA can be extracted from cells, such as Kiwi fruit.
	Chapter 1, pages 27–30 (DNA helix, bases and protein synthesis are for information and are not required)

Question 8, 12 & 13, pages 30 and 31

DNA extraction – see Science and Plants for Schools (SAPS)  kit http://www-saps.plantsci.cam.ac.uk/workshop_dna.htm or http://www.exploratorium.edu/ti/human_body/dna.html
	amino acid

chromosomes 

DNA

genetic code

protei
	

	5 Gene Technology
	5a) know the commercial applications of clones of plants and animals.
	Chapter 1, pages 21–22 (see also Additional Science Chapter 4 ‘Increasing the yields of crops’)
	
	

	
	5b) know that genes can be transferred artificially from one organism to another, and understand that the introduction of genes from resistant plants into soya bean plants, so increasing their resistance to herbicides, may increase the crop yield.

5c) critically assess the issues surrounding this GM crop technology and how decisions are made, including the need to plan scientifically valid, suitable trials to assess the possible effects in order to inform the debate: for the scientific community, government policy departments, wider public opinion.
	Chapter 1, pages 31–34

Animation: ‘GM foods’ from the Interactive Presentations CD-ROM.

Farm scale evaluations:

www.defra.gov.uk/environment/gm/fse
	genetic engineering

GM foods

herbicides

insecticides
	4a Contemporary scientific developments and their benefits, drawbacks and risks

4b the social, economic and environmental effects of decisions about using GM foods

• Students make informed judgements about economic, social and ethical issues concerning genetic engineering.

• Students present information, develop an argument and draw conclusions using scientific and technical language.

• Students consider if ‘evidence’ on the advantages or disadvantages of GM foods is reliable (large, controlled study and could it be reproduced by other scientists), or is it based on opinion or non-scientific evidence.

	
	4b) know that DNA can be analysed by 'genetic fingerprinting' which can be used to show the similarity between two DNA samples, for instance in criminal and paternity cases.
	Chapter 1, page 34
	DNA

genetic fingerprinting
	4a Contemporary scientific developments and their benefits

	
	4c) assess the issues surrounding 'gene ownership' as a result of DNA analysis and consider whether the ethical issues involved are a matter for society and beyond the scope of science to solve.
	Chapter 1, pages 34-35


	
	4b how decisions about science and technology are made and the ethical issues (who owns the DNA sample and who should have access to information about our genes? Should companies be able to patent a gene so they can control genetic technology?). Students consider if the ethical issues make these decisions  matter for society (should we?)  rather than science (can we?).

	Chapter 2 – Body maintenance and protection

	1 Homeostasis
	6a) understand that animals need to regulate the conditions inside their bodies to keep them relatively constant and protected from harmful effects.

6b) recognise and label a simplified given diagram of a vertical section through the skin and understand its role in temperature regulation
	Chapter 2:  pages 37-38 

Question 1, page 37


	homeostasis

sweat gland

temperature regulation
	

	
	6c) use data to draw conclusions about the relationship between glucose and insulin levels in the blood and understand that glucose levels need to be kept within a constant range.
	Simulation: ‘Diabetic athlete’ from the Interactive Presentations CD-ROM.


	
	Observe diabetic athlete simulation and test prediction of effect of food, insulin and activity; evaluate data on blood glucose levels and amend theory and draw conclusions.

	
	6d) know that diabetes is a condition in which a person's blood glucose may rise to a fatally high level because the body does not produce enough insulin. It can be diagnosed by the presence of glucose in the urine.
	Chapter 2, page 39

Questions 12 & 13, page 39

Latest updates on treatment such as tablets, possible pancreatic tissue transplants at www.diabetes.org.uk
	diabetes

glucose

glycogen

hormones

insulin

pancreas
	

	
	6e) plan and carry out testing of artificial urine samples for glucose.
	(use Benedict’s solution; a recipe for artificial urine is 2.0 g urea, 0.6g salt, 0.1-3.0g glucose per 500 ml distilled water; add food colouring as desired)
	
	

	2 The nervous system
	7a) know that sense organs are groups of receptor cells, which respond to specific stimuli: light, sound, touch, temperature, chemicals, and then relay this information as electrical signals, called nerve impulses, to the brain.

	Chapter 2, page 40

Question 4, p41


	nerve impulses

receptor cells

sense organs

stimulus


	

	
	7b) know that some responses in animals are reflex actions. These reactions are fast, automatic and some are protective, as exemplified by the withdrawal reflex.
	Chapter 2, pages 40–41

Question 5, page 41

Animation: ‘Reflex actions and brain reactions’ from the Interactive Presentations CD-ROM
	CNS

effector

receptor

reflex action
	

	
	7c) know that a reflex arc involves stimulus (receptor ( coordinator (effector.

Recognise and label a given diagram of a reflex arc to show: receptor, sensory nerve cell, connecting nerve cell in spinal cord, motor nerve cell, effector, synapses.
	Chapter 2, pages 40–41

Question 6 & 7, page 41
	connecting nerve cell 

effector

motor nerve cell

receptor

sensory nerve cell

stimulus

synapse
	

	
	7d) carry out practical work on sensitivity and reaction times.
	Chapter 2, p41

Practical Work: Testing your reflexes and reaction times

Show the Video and Simulation ‘Top gun’ from the Interactive Presentations CD-ROM. Use the keypad to let students test their reaction times to noise and visual stimuli.

(there are also several websites that allow you to measure reaction time, e.g. www.explorescience.com)
	
	2c, 2d Students consider need for repeated measurements and means, large sample size, consistent test conditions and the relative precision of different time measurements



	2 Health
	8a) know that health is affected by a variety of factors and that science and technology may provide the answer to some health problems.
	Chapter 2, page 42

And generally throughout section 
	
	

	
	8f) understand that energy from food, which is in excess, is stored as fat by the body
	Chapter 2, pages 42–43

www.wellcome.ac.uk/big picture special issue on Obesity

http://www.bbc.co.uk/science/hottopics/obesity/index.shtml
	energy content

energy needs
	

	
	8f) investigate experimentally the comparative energy content from burning food.
	Practical work: ‘Investigating the energy content of a pasta shape’, page 44

Resources: safety goggles, pasta shape, pin, plasticine, water, boiling tube, Bunsen burner, thermometer, cotton wool
	
	2b, 2c, 2d Evaluate methods of collection of data and consider their validity and reliability as evidence (e.g. random, systematic errors, controlling variables)

	
	8g) explore and discuss available data, e.g. from ICT searches and food labelling, about the energy and additives in highly processed and less processed foods and the implications, particularly for health.
	Chapter 2, page 44

Look at nutrition labels on food packets (including highly processed) using energy content, salt or saturated fat as a guide

http://www.foodfitness.org.uk/understanding.aspx
	
	2b Collect data from primary or secondary sources, including using ICT sources and tools.

3c Present information, develop an argument and draw a conclusion

	
	8h) know that some conditions are due to lifestyle choices and use information/data to explore the effects that alcohol, nicotine and drug abuse have on the chemical processes in peoples' bodies. Discuss how the attitudes to smoking have changed over time as scientific evidence about its effects has accumulated.
	Chapter 2, pages 45–48

Questions 8–15, page 50
	addicted

alcohol

cirrhosis

depressant

ethanol

nicotine

stimulant
	Students consider changing attitudes to smoking in light of scientifically validated evidence about the link between smoking and lung cancer

	
	8b) know that some conditions can be prevented and that some can be treated by drugs or by other therapies.
	Chapter 2: improved diet 42-43, gene therapy 49, drugs in general 49-50

Video: ‘Diseases and defence’ on the Interactive Presentations CD-ROM. 


	
	

	
	8d) discuss the implications of genetic counselling and the ethical problems posed by an individual's prior knowledge of a genetic trait.
	Chapter 2, pages 48–49
	genetic counselling
	4a The use of contemporary scientific and technological developments and their benefits, drawbacks and risks

4b how decisions about science are made – individual vs society.

Students could consider if we should use genetic tests to choose embryos without certain genetic disorders, or to choose the gender of a child

	
	8c) know that gene therapy has been tried but there are difficulties in targetting the appropriate cells. It has been used to alleviate symptoms in Cystic Fibrosis sufferers but is not a cure for the underlying genetic condition and there may be side effects.
	Chapter 2, page 49
	gene therapy
	4a The use of contemporary scientific and technological developments and their benefits, drawbacks and risks

	
	· e) discuss:

· the ethical issues surrounding, and

· how decisions are made about the use of animals for testing drugs

	Chapter 2, pages 49-50

www.bbc.co.uk/science/hottopics/animalexperiments/
	
	4b Consider how and why decisions about science and technology are made, including those that raise ethical issues

Is validity improved by using human volunteers not animals as models?


Chemistry 1

	Chapter and unit
	Specification objectives 

(bold for Higher tier)
	Resources
	Key words
	Possible How Science Works outcomes

	Chapter 5 – Atomic structure and the Periodic Table, compounds and patterns in reactions

	1 Atomic structure
	1c) understand that elements are the basic building blocks of all substances and cannot be broken down into simpler substances by chemical means.
1a) know that atoms consist of a central nucleus containing protons and neutrons surrounded by 'orbiting' electrons

1b) use data, given in the form 
[image: image1.wmf]23

11

Na, to represent the electronic structure of elements with atomic numbers 1 to 20 inclusive
	Chapter 5, pages 101–104

Questions 1&2, page 103
	atoms

atomic number

electrons

electron configuration

elements

mass number

neutrons

nucleus

orbits (shells)

protons
	4c Students understand how scientific ideas change with time, and the role of the scientific community in validating these changes – John Dalton and atomic structure.



	
	1e) be aware that Mendeléev, in developing the modern form of the periodic table, observed recurring patterns in the properties of elements when arranged in order of increasing relative atomic mass, but used creative thought to realise that he needed to leave gaps for elements that had not been discovered at that time; this enabled him to predict the properties of the undiscovered elements
	Chapter 5, pages 104–105
	elements

groups

periods

periodic table
	1b, 2d and 3a Students study the development of the Periodic Table from initial observations suggesting there might be a pattern to the properties of elements through hypothesis and prediction to its acceptance as a very effective presentation summarising the properties of all known elements.

	
	1d) use data to establish the relationship between electronic structure and the position of the element in the first three rows of the modern periodic table
	Chapter 5, pages 104–105
	
	

	
	1f) use and interpret given data to distinguish between metals and non-metals
	Chapter 5, pages 105–106

Animation: ‘Atomic Kitchen’ from the Interactive Presentations CD-ROM.
	conductivity

density

ductile

lustrous

malleability
	

	
	1g) use data about the physical properties of elements in Group 1 and Group 7 to establish trends within each group and to make predictions based on these trends
	Chapter 5, pages 108, 109
	alkali metals

halogens

melting point, boiling point, density

trend

volatility


	3a Students apply their knowledge of electron structures to explain the properties and reactions of the alkali metals and the halogens.

3c Students extract data from graphs or tables, plot graphs and spot trends in the data.

	
	1h) investigate the chemical reactions of Group1 elements with oxygen in the air, with water and with Group 7 elements, by observation or using secondary sources, in order to draw conclusions about patterns of similarity and difference within the group and be able to write and interpret word and balanced symbol equations for the reactions
1j) be able to use flame tests and silver nitrate solution to distinguish between sodium chloride, sodium iodide, potassium chloride and potassium iodide

	Chapter 5, pages 107–110

Question 3, page 108

Practical Demonstration: Reactions of Group 1 elements in water, page 107

(Resources: safety goggles, safety screen, lithium, sodium, potassium, water…)

Practical Work: The Flame Test, page 108

(Resources: safety goggles, Bunsen burner, sodium chloride and potassium chloride (or aqueous solution), hydrochloric acid, platinum/nichrome wire)

Practical Work: The chloride test, the iodide test, page 118 (Resources: 0.1M sodium chloride or sodium iodide solution, 0.4 M nitric acid, 0.1M silver nitrate solution).

Question 7, page 119
	balanced chemical equation

reactivity

flame test


	2a, 2b, 2c, 2d All practical and enquiry skills can be covered

1c Students use symbols, formulae and equations to represent and explain what is happening in chemical reactions

	
	1i) investigate the displacement reactions of Group 7 elements in order to establish the trend in reactivity within the group, be able to make predictions based on this trend and write and interpret word and balanced symbol equations for the reactions

	Chapter 5, page 110

Practical Work: Halogen displacement reactions, page 110

(Resources: safety goggles, test tubes, dilute sodium and potassium bromide, sodium and potassium iodide, chlorine water)
	balanced chemical equation

displacement reaction

halogens

volatility


	2a, 2b, 2c, 2d All practical and enquiry skills can be covered

1c Students use symbols, formulae and equations to represent and explain what is happening in chemical reactions

	
	1l) understand that the uses of a material depend on its properties
1m) be able to link the common uses of chlorine, iodine, helium, neon and argon to their properties
1k) examine evidence that has lead to the fluoridation of the water supply in some areas, including how data is collected (survey technique), and be able to discuss the factors involved in decision-making, including ethical issues
	Chapter 5, pages 110–111

Question 8, page 119

www.bfsweb.org
	noble gases
	2d, 4a, 4b Consider and evaluate the evidence on which decisions about fluoridation of the water supply are made.

Students understand that scientists collect data from surveys or by looking at secondary data (published surveys), and consider if the evidence is reliable (large sample of all school children; unbiased sample [selection criteria]) and valid (are other factors likely as explanations of the data). 

Students consider the ethics of the decision to fluoridate water supply – what if too high dose causes side effects, can science give the answer ‘is it right?’,

	Chemical compounds and formulae
	2a) know that new substances called compounds are formed when two or more different elements combine together and that each compound has its own chemical formula.

2b) be able to interpret a given formula, name the elements and number the atoms present
	Chapter 5, pages 111–112
	compound

element

formula
	1c Students use formulae to explain what is happening in chemical reactions

	
	2c) be able to write formulae for simple binary compounds formed between Group 1 or 2 elements and elements of Group 6 or 7, using the formulae of the ions that they contain.
	Chapter 5, page 112

Question 4, page 112

Simulation: ‘Formation of ionic compounds’ from the Interactive Presentations CD-ROM.
	formula

ions
	1c Students use formulae to represent what is happening in chemical reactions

	
	2d) be able to write formulae for ionic compounds containing hydroxide, nitrate, sulphate or carbonate ions, using the formulae of the ions that they contain.
	Chapter 5, pages 112–113

Question 5, page 112
	
	1c Students use formulae to represent what is happening in chemical reactions

	
	2e) be able to draw and interpret space filler type diagrams for simple molecules using a key
	Chapter 5, page 113
	linear

molecule

planar

space filler diagram

tetrahedral
	

	Chemical reactions
	3b) know that chemical reactions use up reactants and produce new substances called products.
3d  recognise that signs of a chemical change occurring may include colour change, formation of a precipitate, gas evolution and temperature change.
3c) know that in a chemical reaction, atoms are rearranged but no new atoms are produced nor are any atoms destroyed.
3e) know that reactions in which the temperature rises are exothermic and that reactions in which the temperature falls are endothermic.
	Chapter 5, page 114

Questions 9 & 10, p119

Video: ‘Reactivity of pure metals’ from the Interactive Presentations CD-ROM.
	endothermic

exothermic

products

reactants
	

	
	2f) explore the reactions of acids with metals, bases (including alkalis) and carbonates, drawing conclusions about the patterns that exist and using these patterns to make predictions, test for carbonates and plan procedures to distinguish between named substances, e.g. sodium chloride and sodium carbonate

	Chapter 5, pages 114–118

Question 6, page 115

Practical Work: Chemical reactions, Tests for carbon dioxide, Test for hydrogen, Making soluble salts from an acid and a base, Chloride tests, Iodide tests pages 114–118.

	acid

alkali

base

indicator

precipitation

products

reactants

salt
	2a, 2b, 2c, 2d All practical and enquiry skills can be covered

1c Students use symbols, formulae and equations to represent and explain what is happening in chemical reactions

	Chapter 6 – Rates of reaction, the production and use of fuels and earth science

	Making new materials and the rates of chemical reactions
	3a) know that the chemical industry obtains raw materials from the earth, sea and air and that chemical reactions are then used to change raw materials into useful products, such as fuels, plastics, medicines, fertilisers, metals, etc.
	Chapter 6, pages 121& 129

Animation: Obtaining metals from metal ores from the Interactive Presentations CD-ROM.
	ores

raw materials
	3a Students recall and understand the importance of raw materials in providing more useful manufactured materials

	
	4a) explore the effects of changing concentration, temperature, and particle size on the rates of chemical reactions, using ICT where appropriate: this should include:

· planning the collection of reliable data, analysing the data, drawing

· conclusions and evaluating the procedures used,

· understanding the advantages of using ICT tools, in terms of recording,

· continuous monitoring and instantaneous display,

· explaining the outcomes in terms of particle theory

	Chapter 6, pages 122–125

Question 1, pages 125–126

Various practical work to demonstrate methods required for this, pages 122–123
	collision

concentration

rate

successful collision

surface area

temperature
	2a, 2b, 2c Students design (and carry out) an investigation into the effects changing concentration, temperature, and particle size on the rates of chemical reactions, ensuring their procedure is fair and their result are accurate and reliable.

Controlled variables, independent variable, dependent variable, range of data, interval of data, averaging, anomalous result

3b, 3c plot graphs and calculate rates

	
	4b) understand the meaning of the term catalyst and know that the development of better catalysts is extremely important as it can lead to new ways of making materials that may use less energy, use renewable raw materials or use fewer steps.
	Chapter 6, pages 126–127

(See also green chemistry page 173, discusses catalysts)
	catalysts

enzymes
	4a The use of contemporary scientific and technological developments and their benefits, the economic and environmental impact

	
	5a) understand the concept of nanometre and appreciate that nano-science involves the study and use of particles that have sizes in the range 1-100 nm.
5b) be aware that reducing the size of particles to the nano-scale can produce new properties in a material, which may lead to new uses, e.g. the antibacterial, antiviral and antifungal properties of nano-sized silver particles used in sterilising sprays to clean operating theatres in hospitals and to coat the inner surfaces of refrigerators.
5c) discuss the potential benefits, risks and drawbacks associated with developments in nanoscience
	Chapter 6, page 127

www.news.bbc.co.uk, www.wellcome.ac.uk or www.royalsoc.ac.uk  and search on ‘nanomaterials’ and ‘nanotechnology’
	nanometre

nanoparticles

nanoscience
	4a Contemporary scientific developments and their benefits, drawbacks and risks – nanoscience.

(Good possibility for an Extended Report)

Students consider the applications of nanomaterials and then evaluate their benefits and risks. The consequences of increased use of nanoparticles are not fully understood - there are some questions that science cannot answer.

Students appreciate the limitations of science if scientists are left to make certain decisions that will affect the whole of society - there are some questions that scientists on their own cannot address.

Students appreciate the role of the media in explaining scientific issues to the public, and the potential for unnecessary alarm or a false sense of security.

There are ethical issues raised when the public are not informed that nanoparticles are present, for examples in the labelling of sunscreens.



	Fossil fuels and combustion


	6a) understand the principles involved in the fractional distillation of crude oil
	Chapter 6, pages 128-129

Question 3a, page 131

Simulation: ‘Fractional distillation of crude oil’ on the Interactive Presentations CD-ROM.

Fawley Refinery Virtual Tour at http://www.schoolscience.co.uk/petroleum/vv2/index.html, funded by Exxon Mobil
	boiling point 

condense

fraction

fractional distillation

fractionating column

hydrocarbons
	

	
	6b) use the combustion of hydrocarbons to recognise that new substances are produced in a chemical reaction as a result of the making and breaking of bonds and that the combustion of a hydrocarbon involves the breaking of the C-C and C-H bonds followed by the formation of bonds with oxygen atoms.
6c) know that breaking a chemical bond requires energy and making a chemical bond releases energy. 

6d) understand that if energy released from forming new bonds is greater than energy needed to break existing bonds, the reaction is exothermic and vice-versa for an endothermic reaction. 
6e) use given data (energy needed to break bonds), to predict whether a reaction is exothermic or endothermic and calculate the overall energy change
	Chapter 6, pages 130–131


	combustion

carbon-carbon double bond

endothermic

exothermic
	

	
	6f) explain the environmental effects of the combustion of fossil fuels and evaluate the social, economic and environmental impact

	Chapter 6, pages 131–133

Question 3c, page 131

Animation: ‘The fate of fossil fuels’ from the Interactive Presentations CD-ROM
	acid rain

carbon monoxide

combustion

global warming

greenhouse gas

incomplete combustion

nitrogen oxides

soot
	4a, 4b Students evaluate the social, environmental and economic impact of the combustion of fossil fuels.


	
	6g) evaluate given data with regard to proposed solutions to the problem of acid rain
	Chapter 6, pages 132–133 have background information. 

Candidates could be presented with information and asked to comment on advantages and disadvantages of proposed solutions to the problem of acid rain.

www.statistics.gov.uk/ search for ‘acid rain’ has useful data that can be plotted on halved SOx emissions since 1990
	
	

	
	7d) know that there is debate in the scientific community on the issue of global warming and be aware that many scientists attribute the main cause of global warming to the increase in carbon dioxide in the atmosphere caused by the combustion of fossil fuels
7e) examine and evaluate given data on global warming 

7f) appreciate some effects and consequences of global warming

7g) evaluate given data with regard to proposed solutions to the problem of global warming
	Chapter 6, pages 133–135

(Global warming is also discussed in Chapter 10, pages 190-191)

Candidates could be presented with information in the form of data or graphs and asked to comment on the reliability of the evidence

Useful graphs at http://www.whrc.org/resources/online_publications/warming_earth/scientific_evidence.htm
Candidates could be presented with information and asked to comment on advantages and disadvantages of proposed solutions to the problem of global warming (see page 135).

Some ideas at http://www.nhm.ac.uk/nature-online/environmental-change/asl-2005/html-version/warming/warming-solutions.html


	deforestation

fossil fuels

global warming

greenhouse effect

greenhouse gas
	Students analyse and interpret scientific data (tables or graphs) concerning the correlation between greenhouse gases and global warming. They understand that a correlation may be a coincidence and that while models that predict an outcome correctly make the conclusion more plausible, the models have limitations because other factors such as solar activity and ocean currents cannot be kept constant.

Students weigh evidence and evaluate the reliability of the evidence.

Students evaluate the social, environmental and economic impact of global warming and sea level rise.

Students evaluate the advantages and disadvantaged of proposed solutions to the problem, when information is presented to them.

	Geological processes and the atmosphere
	8a) use the development of the theory of continental drift to display their understanding that observations, through creative thought, lead to an idea to explain them but the explanation may not be accepted until sufficient evidence exists, as follows:

· in 1915, Alfred Wegener suggested that the Earth's continents were once joined and had moved apart to their present positions;

· he based his idea on the close fit of coastlines, and the similar patterns of rocks and fossils, of continents separated by large oceans;

· he was unable to convincingly explain how the continents could move;

· the current theory of plate tectonics became widely accepted in the 1960's, by which time other scientists had found evidence to show that it is the Earth's plates that move and that they do so as a result of convection currents in the mantle.

	Chapter 6, pages 135-136

Good earth science resources and weblinks for teachers at www.earthscienceeducation.com and http://www.chemsoc.org/networks/learnnet/jesei/; Navigate to Contents and see list of ready-made resources
	continental drift

convection currents

mantle

tectonic plates
	1c Students experience the way in which science works through data (evidence) collection, theorising and critical evaluation in relation to the layer model of the Earth and how it is formed.
4c Students understand how scientific ideas change with time, and the role of the scientific community in validating these changes –  Wegener’s theory of continental drift.

	
	8b) use evidence about the location of earthquakes and volcanoes to appreciate that the Earth's lithosphere is composed of a number of large pieces called plates, which are moving very slowly, and know that this movement drives the rock cycle

8c) know that rocks can be:

· formed where tectonic plates move apart and magma rises to fill the gap producing new igneous rock
· deformed and/or recycled where tectonic plates move towards each other driving down the denser plate which may melt to form magma that on cooling forms igneous rock.

	Chapter 6, page 136-137

Question 5, page 137

British Geological Survey http://www.earthquakes.bgs.ac.uk/ has useful Education section with diagrams, and a link to recent UK earthquakes; international list at http://earthquake.usgs.gov/eqcenter/recenteqsww/Quakes/quakes_all.php
Other useful sites www.geo.ed.ac.uk or search ‘quakes’ on www.eqnet.org
	earthquakes

igneous rocks

lithosphere

magma

metamorphic rocks

rock cycle

subduction

tectonic plates

volcanoes
	1b, 4c Students appreciate that our knowledge and understanding of phenomenon change with time and with the collection of new evidence (data)

	
	7a) investigate data on the composition of the atmosphere over geological time in order to draw conclusions about the changes in composition that have taken place
	Chapter 6, pages 137–141

Good earth science resources and weblinks for teachers at http://www.chemsoc.org/networks/learnnet/jesei/; Navigate to Contents and see list of ready-made resources, e.g. on carbon cycle
	carbon dioxide

nitrogen

noble gases

oxygen

water
	

	
	7b) be aware of the accepted explanation for the origin of the atmosphere and the changes that have occurred over geological time

	Chapter 6, page 140-141
	volcanic activity

ozone layer
	

	
	7c) understand the roles of respiration, combustion and photosynthesis in the maintenance of the levels of oxygen and carbon dioxide in the atmosphere

	Chapter 6, pages 140–142

See also page 134
	carbon cycle

combustion

oxygen

photosynthesis

respiration
	4b Students explain (and evaluate) changes that have occurred and are occurring in the Earth’s atmosphere (and the effect of human activities on these changes)


Physics 1

	Chapter and unit
	Specification objectives 

(bold for Higher tier)
	Resources
	Key words
	Possible How Science Works outcomes

	Chapter 10 – Energy

	(The) Generation of electricity
	1a) discuss the factors which are involved in the decisions about the types of power stations, including commissioning and decommissioning costs, types of energy sources, fuel costs and environmental factors as well as personal views which are not scientifically based.

1b) be aware of the planning processes involved in the development of power stations based upon renewable resources, e.g. wind and wave farms.


	Chapter 10, pages 190–198

Questions 1–3, page 192

Questions 6–8, page 198

Question 33, page 215

Video: ‘Electricity generation’ from the Interactive Presentations CD-ROM.

(pages 190-193 also relate to the Chemistry coverage of global warming)
	biofuel

carbon-neutral

decommission

efficiency

fossil fuels

generators

global warming

hydro-electric 

non-renewable

pumped storage

renewable 

tides

turbines
	3a, 3b, 3c – Recall, analyse and interpret scientific information; Use both qualitative and quantitative approaches; Present information, develop an argument, draw a conclusion (good opportunity for an Extended Report)

4a The use of contemporary scientific and technological developments and their benefits, drawbacks and risks.

4b Consider how and why decisions about science and technology are made, and about the social, economic and environmental effects of such decisions.

	Transmission of electricity
	2a) understand the need for an electricity distribution system.
2c) describe the National Grid, including the use of ICT for monitoring power use and responding to changing demand.
	Chapter 10, pages 200–201

Question 34, page 215
	alternating current

National Grid

supply, demand
	4a The use of contemporary science and technology devices and their benefits, drawbacks and risks.

	
	2b) select and use the equation: power = voltage × current
	Chapter 10, page 201

Questions 10–12, page208
	current

power

voltage

watt, kilowatt
	

	
	2d) use physics knowledge to explain why electricity is transmitted at high voltages but used at low voltages in the home.
2e) understand the need for transformers in the transmission of electrical energy from the power station to the home.
	Chapter 10, pages 201–202

Questions 13–15, p202
	energy loss

transformer
	3a Apply scientific knowledge and ideas

	Energy efficiency, heating and the home
	3a) distinguish between power and energy and select and use the equation: energy transfer = power × time

including calculations with a change of time units or SI multiples of W
	Chapter 10, page 202
	joule, J

power

watt, W
	3b Use both qualitative and quantitative approaches

	
	3b) collect information, either directly or using secondary sources on the power ratings of domestic electrical appliances and use it to investigate the cost of using them.
3c) select and use the equations:

Units used = power (kW) × time (h)

cost = units used × cost per unit
	Chapter 10, page 202-203

Questions 16–18, p204

Simulation: ‘Power workouts’ from the Interactive Presentations CD-ROM.
	kilowatt-hours, kWh

power rating
	3b Use both qualitative and quantitative approaches

	
	3d) use data to compare the cost of different sources of domestic energy, including electricity, gas, oil and coal.
5a) understand qualitatively the idea of energy efficiency in terms of input energy, useful output energy and wasted energy.

5b) select and use the equation:

efficiency = 
[image: image2.wmf]input

energy

total

transfer

energy

useful

 × 100%
5c) plan and carry out investigations, experimentally or by using secondary sources, into the cost and efficiency of energy transfer in a variety of contexts, e.g. comparing an electric kettle with an electric cooker ring for boiling water
	Chapter 10, pages 204–205

Questions 22–23, page207

Question 35, page 215

Pages 192-194 for energy efficiency of thermal power stations and Sankey diagrams

Simulations: ‘Energy, power and efficiency’ and ‘Appliances – efficiency and cost’ on the Interactive Presentations CD-ROM.
	efficiency

input

transfer

waste

combined heat and power (CHP)
	2a, 2b, 2c, 2d All practical and enquiry skills can be covered 

	
	3e) use data to explore the cost-effectiveness of introducing domestic solar and wind energy equipment, including fuel-cost savings and payback time.
	Chapter 10, pages 206–207

Questions 19–21, pages 206–207
	fuel cost savings

initial/installation cost

payback time

photovoltaic cell
	3b Use both qualitative and quantitative approaches

	Energy, temperature and the transfer of heat energy
	4a) explore, experimentally and using secondary sources, using ICT where appropriate, how temperature differences lead to the transfer of thermal energy by conduction, convection and radiation.

4b) use data from investigations to make comparisons of heat transfer.

4c) know the factors which affect the rate of heat transfer, including the use of insulators in reducing conduction and the nature of the surface in radioactive transfer.
	Chapter 10, pages 208–213

Various Practical work, pages 209 & 210

Possible use of dataloggers

Questions 24–27, page 211

Question 32, page 215
	conduction

convection

insulation

radiation
	2a, 2b, 2c, 2d All practical and enquiry skills can be covered



	
	4d) use their understanding of heat transfer to analyse the processes involved in domestic situations and to suggest how the heat transfer can be promoted or restricted [e.g. by the use of insulation].

4e) use data to compare the cost-effectiveness of different methods of reducing heat loss from the home, including loft insulation, cavity wall insulation, double-glazing and draught excluders and discuss the ethical issues surrounding controlling heat loss from the home.

	Chapter 10, pages 213–215

Questions 28–31, pages 213 & 215

Link also to increased carbon dioxide emissions and need to reduce energy use (see page 133-135 and 190-193)

Simulation: Insulating your house’ from the Interactive Presentations CD-ROM.
	absorption

conduction

convection

emission

insulation

radiation


	3a Apply scientific information and ideas

3b Use both qualitative and quantitative approaches

	Chapter 11– Waves and electromagnetic radiation

	The characteristics of waves
	6a) characterise waves in terms of their wavelength, frequency, speed and amplitude.

	Chapter 11, pages 218–219

Question 1, page 221
	amplitude

frequency

hertz, Hz

wave speed

wavelength
	

	
	6b) plan and carry out an investigation into waves e.g. investigating the factors which affect the speed of waves on water.

	Practical work: Measuring the speed of waves along a spring and Finding what affects the speed of waves in water, pages 219–220
	
	2a, 2b, 2c, 2d All practical and enquiry skills can be covered



	
	6c) apply the equations

wave speed = wavelength × frequency    and

speed = distance / time

to the motion of waves
	Chapter 11, pages 220–221

Questions 2–4, pages 221
	
	

	The electromagnetic spectrum
	7a) distinguish between the different regions of the electromagnetic spectrum [radio waves, microwaves, infra red, visible light, ultra violet, X rays and gamma rays] in terms of their wavelength and frequency (with an awareness of how these wave properties are related) and appreciate that they all travel at the same speed in a vacuum.
7b) Investigate, using secondary sources (e.g. an internet search), and know the uses of microwaves, infrared and visible radiation in energy transfer, and the hazards associated with the high-energy ionizing radiations, ultra-violet, X-rays and gamma rays.
	Chapter 11, pages 222–224

Question 5, page 224

Simulation ‘Waves and energy across the spectrum’ and Animation: ‘Uses and dangers of the electromagnetic spectrum’ from the Interactive Presentations CD-ROM.
	electromagnetic spectrum

gamma ray

infra-red

microwaves

radio

ultraviolet

visible

X-ray


	2b Collect data from primary or secondary sources, including using ICT sources and tools.

3c present information, develop an argument and draw conclusions using scientific and technical language.

4a The use of contemporary scientific and technological developments and their benefits, drawbacks and risks. 

(Good opportunity for an Extended Report)

	
	7c) investigate experimentally the conditions under which total internal reflection occurs within parallel-sided glass blocks and explain, in terms of total internal reflection, how optical fibres enable long distance communication

	Chapter 11, pages 224–229

Question 6, page 227

Question 8, page 231

Questions 11, page 234

Practical work: Measuring total internal reflection and Examining an optical fibre, pages 226–228
	emergent ray

incident ray

optical fibres

reflected ray

refracted ray

total internal reflection
	2a, 2b, 2c, 2d All practical and enquiry skills can be covered

	
	7d) Compare the use of microwaves and infra-red radiation in long distance communication, including a consideration of geosynchronous satellites, mobile phone technology and intercontinental optical fibre links.

	Chapter 11, pages 229–231

Questions 9 & 10, pages 231

Question 12, page 234

Simulation: ‘Radiation journeys’ from the Interactive Presentations CD-ROM.
	geosynchronous satellite

infra-red radiation

microwaves

optical fibre

time delay
	4a The use of contemporary scientific and technological developments and their benefits, drawbacks and risks. 

(Good opportunity for an Extended Report)

	
	7e) Investigate and make a report on or take part in a discussion on claimed health risks associated with mobile phone and Tetra communications and understand the planning requirements for the communication masts.

	Chapter 11, pages 232–233
	mobile phone risks

Tetra
	4a, b, c all covered

1d There are some questions that science cannot currently answer…

2b Collect data from primary or secondary sources, including using ICT sources and tools

3c Present information, develop an argument

2d, 4b it is necessary to distinguish between opinion based on valid and reliable evidence and opinion based on non-scientific ideas.

(Good opportunity for an Extended Report)

	Chapter 12 – The Universe

	The Solar System
	8b) describe the main features of the Solar System, including the Sun, the rocky and gas planets, moons, asteroids and comets, relating these features to the origin of the Solar System.
8e) know how new discoveries of solar system objects are made by the use of ICT to detect movement.
	Chapter 12, pages 237–241

Questions 1–5, page 239

Recent discovery of ‘dim and distant’ trans-neptunian objects and the tenth planet by detecting their motion against the background of stars, see e.g.  www.planetary.org/explore/topics/trans_neptunian_objects/, www.nasa.gov/vision/universe/solarsystem/ search ‘Xena’
	asteroids

comets

moons

planets

Solar System
	1b, 1c, 2b, 3a analyse data on planets, plot graphs, look for patterns, make predictions, test theory e.g. on gas giants further out, temperature difference



	
	8d) understand the effect of gravity on the orbital motion of planets, comets, moons and artificial satellites and use a model of radiation pressure to account for cometary tails.
	Chapter 12, page 241

Question 6, page 242
	artificial satellites

gravity

orbit
	3a Apply scientific information and ideas

	
	8c) interpret data on the orbits of planets and other bodies in the Solar System.
	Chapter 12, page 237

Questions 7 & 8, page242

Students could explore the discoveries of Uranus and Neptune following the discovery that Saturn and Uranus were straying from their predicted elliptical orbits.
	elliptical

orbit
	3a Interpret scientific information

4c how scientific ideas change with time (discovery of planets from perturbed orbits)

	
	8a) know the theory of the origin of the Solar System in terms of the gravitational collapse of a cloud of gas (largely hydrogen and helium) and dust.

	Chapter 12, pages 242–244

Questions 9–11, page 244
	nebulae

gravitational collapse
	3a Apply scientific information and ideas

4c how scientific ideas change with time (development of theories of solar system formation)

	Stars
	9a) know that, in the 19th and early 20th centuries, the source of the Sun's energy became a problem as geologists discovered that the Earth was millions of years old, and the model of the Sun's being powered by chemical energy could not account for its shining for more than a few thousand years.
9b) know that studies of the light from stars, including our Sun, show that they are composed mainly of hydrogen and helium and that their energy is supplied by the fusion of hydrogen into helium, which is able to supply energy at the current rate for about 10 000 million years.
	Chapter 12, pages 244–246

Question 14, page 246

Question 31, p253

For Higher tier, students could estimate lifetime of the Sun if chemical energy releases about 10 MJ/kg (solar mass is about 2 x 1031 kg, and solar output about 4 x 1026 kg; nuclear energy for comparison releases about 100 TJ/kg)


	helium

hydrogen

nuclear fusion
	1b, 1c, theoretical models develop into comprehensive theories as more data is collected;

4c how scientific ideas change with time, and the role of the scientific community in validating these changes;

	
	9d) model the stability of stars in terms of the balance between gravitational force and gas/radiation pressure and describe the stages in the evolution of low and high mass stars.

9c) appreciate the role of previous generations of stars in the existence of elements heavier than helium in the Solar System and that the fraction of heavier elements in the universe is gradually increasing as a result of the processes in stars.
	Chapter 12, pages 246–249

Question 13, page 246

Bradford Robotic Telescope www.telescope.org/ has telescope-based class activities and resources created for 21st Century Science, equally useful here www.telescope.org/nuffield_21_sci/; also 
	black hole

elements

fusion

gas pressure

neutron star

radiation pressure

red dwarf

red giant

red supergiant

supernova

white dwarf


	

	The Universe
	10a) know how studies of the electromagnetic radiation from distant galaxies lead to a model of an expanding universe and that the further they are away, the bigger their speed.

	Chapter 12, pages 249–250

Questions 18–22, pages 205–251

Questions 27&28, page 253 ??
	expanding

galaxy

light year

Milky Way

universe
	1b, 1c observations lead to theory

	
	10b) know that Red Shift measurements provide evidence that the universe started with a hot Big Bang which, according to current measurements, occurred 12-15 thousand million years ago.

	Chapter 12, pages 250–253

Questions 23–26, pages 251-252

Questions 29, 30 & 32, page 253

Simulation: ‘Red-shift’ from the Interactive Presentations CD-ROM.
	Big Bang

Hubble’s law

red-shift
	1b, 1c, 4c How uncertainties in scientific knowledge and scientific ideas change over time and about the role of the scientific community in validating these changes (red shift)
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