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Years 10/11 Evolution Unit
	Session
	Title
	Key ideas

	10/11 -1
	Evolution – explained!
	Evolution of living things explained by natural selection

	10/11-2
	Neo-Darwinism
	How our ideas and understanding of evolution have changed and developed since Darwin proposed them

	10/11-3
	God and Evolution

(if preferred could be skipped or taught as a collaborative session)
	Does believing in god mean disregarding evolution?  The different methodologies used in science and religion are considered to discover the differences and similarities in religious and scientific thinking.

	10/11-4
	Intelligent Design (extension)
	Some of the different ways in which people have explained the diversity of life on Earth and the nature of science 


Teacher Background

This unit is about evolution.  It explores the process of evolution and uses this as a context to consider the nature of science and religion.

The aim of this unit is to:
· Explain how evolution occurs through natural selection;

· Discuss some of the new modern ideas that biologists use to explain how evolution occurs and how these ideas have changed through time;
· Describe some of the ways that scientific and religious ideas develop

· Consider how science and religion sometimes come into conflict over evolution 
This resource and Key Stage 4
This resource has been written with close reference to the Science curriculum. It encompasses a range of key ideas that are relevant to the programmes of study: 
· Scientific data can be collected and analysed.

· Phenomena can be explained using scientific theories which may change through time.
· There are some questions that science cannot currently answer or address.
There is also some overlap with the key ideas in the Religious Education curriculum:
· Humans ask important questions about humanity.

· Humans attempt to make meaning of the world and these attempts are often based on beliefs

· Attitudes and values are central to the importance that humans accord their ideas and beliefs

Curriculum Links
The Science National Curriculum for KS4 (Sept 2014)
Working Scientifically
The development of scientific thinking 

· the ways in which scientific methods and theories develop over time 

· using a variety of concepts and models to develop scientific explanations and understanding 

· appreciating the power and limitations of science and considering ethical issues which may arise 

· explaining everyday and technological applications of science; evaluating associated personal, social, economic and environmental implications; and making decisions based on the evaluation of evidence and arguments 

· recognising the importance of peer review of results and of communication of results to a range of audiences. 
Subject content – Biology
· living organisms may form populations of single species, communities of many species and ecosystems, interacting with each other, with the environment and with humans in many different ways 

· living organisms are interdependent and show adaptations to their environment 
· the characteristics of a living organism are influenced by its genome and its interaction with the environment 

· evolution occurs by the process of natural selection and accounts both for biodiversity and how organisms are all related to varying degrees
· the process of natural selection leading to evolution 
· the evidence for evolution 
· the uses of modern biotechnology including gene technology; some of the practical and ethical considerations of modern biotechnology. 
How Science Works Level descriptors
Level 1 

Pupils describe or respond appropriately to simple features of objects, living things and events they observe, communicating their findings in simple ways [for example, talking about their work, through drawings, simple charts].

Level 2 

Pupils respond to suggestions about how to find things out and, with help, make their own suggestions about how to collect data to answer questions. They use simple texts, with help, to find information. They use simple equipment provided and make observations related to their task. They observe and compare objects, living things and events. They describe their observations using scientific vocabulary and record them, using simple tables when appropriate. They say whether what happened was what they expected.

Level 3 

Pupils respond to suggestions and put forward their own ideas about how to find the answer to a question. They recognise why it is important to collect data to answer questions. They use simple texts to find information. They make relevant observations and measure quantities, such as length or mass, using a range of simple equipment. Where appropriate, they carry out a fair test with some help, recognising and explaining why it is fair. They record their observations in a variety of ways. They provide explanations for observations and for simple patterns in recorded measurements. They communicate in a scientific way what they have found out and suggest improvements in their work.

Level 4 

Pupils decide on an appropriate approach, including using a fair test to answer a question, and select suitable equipment and information from that provided. They select and use methods that are adequate for the task. Following instructions, they take action to control obvious risks to themselves. They make a series of observations and measurements and vary one factor while keeping others the same. They record their observations, comparisons and measurements using tables and bar charts and begin to plot points to form simple graphs. They interpret data containing positive and negative numbers. They begin to relate their conclusions to patterns in data, including graphs, and to scientific knowledge and understanding. They communicate their conclusions using appropriate scientific language. They suggest improvements in their work, giving reasons.

Level 5 

Pupils decide appropriate approaches to a range of tasks, including selecting sources of information and apparatus. They select and use methods to obtain data systematically. They recognise hazard symbols and make, and act on, simple suggestions to control obvious risks to themselves and others. They use line graphs to present data, interpret numerical data and draw conclusions from them. They analyse findings to draw scientific conclusions that are consistent with the evidence. They communicate these using scientific and mathematical conventions and terminology. They evaluate their working methods to make practical suggestions for improvements.

Level 6 

Pupils identify an appropriate approach in investigatory work, selecting and using sources of information, scientific knowledge and understanding. They select and use methods to collect adequate data for the task, measuring with precision, using instruments with finescale divisions, and identify the need to repeat measurements and observations. They recognise a range of familiar risks and take action to control them. They record data and features effectively, choosing scales for graphs and diagrams. They analyse findings to draw conclusions that are consistent with the evidence and use scientific knowledge and understanding to explain them and account for any inconsistencies in the evidence. They manipulate numerical data to make valid comparisons and draw valid conclusions. They communicate qualitative and quantitative data effectively, using scientific conventions and terminology. They evaluate evidence, making reasoned suggestions about how their working methods could be improved.

Level 7 

Pupils plan appropriate approaches and procedures, by synthesising information from a range of sources and identifying key factors in complex contexts and in which variables cannot readily be controlled. They select and use methods to obtain reliable data, including making systematic observations and measurements with precision, using a range of apparatus. They recognise the need for a risk assessment and consult appropriate sources of information, which they follow. They record data in graphs, using lines of best fit. They analyse findings to draw conclusions that are consistent with the evidence and use scientific knowledge and understanding to explain these conclusions and identify possible limitations in primary and secondary data. They use quantitative relationships between variables. They communicate effectively, using a wide range of scientific and technical conventions and terminology, including symbols and flow diagrams. They begin to consider whether the data they have collected are sufficient for the conclusions they have drawn.

Level 8 

Pupils recognise that different strategies are required to investigate different kinds of scientific questions, and use scientific knowledge and understanding to select an appropriate strategy. In consultation with their teacher they adapt their approach to practical work to control risk. They record data that are relevant and sufficiently detailed, and choose methods that will obtain these data with the precision and reliability needed. They analyse data and begin to explain, and allow for, anomalies. They carry out multi-step calculations and use compound measures, such as speed, appropriately. They communicate findings and arguments, showing awareness of a range of views. They evaluate evidence critically and suggest how inadequacies can be remedied.

Exceptional performance 

Pupils recognise that different approaches are required to investigate different kinds of scientific questions, and use scientific knowledge and understanding to select appropriate strategies. They readily identify hazards, seek appropriate risk assessment information and advice, select that which is relevant and, in consultation with their teacher, adjust practice as required. They make records of relevant observations and comparisons, clearly identifying points of particular significance. They decide the level of precision needed for measurements and collect data that satisfy these requirements. They analyse findings to interpret trends and patterns and draw conclusions from their evidence. They make effective use of a range of quantitative relationships between variables in calculations or when using data to support evidence. They communicate findings and arguments, showing their awareness of the degree of uncertainty and a range of alternative views. They evaluate evidence critically and give reasoned accounts of how they could collect additional evidence.

Organisms, their behaviour and the environment Level descriptors
Level 1 

Pupils recognise and name external parts of the body [for example, head, arm] and of plants [for example, leaf, flower]. They communicate observations of a range of animals and plants in terms of features [for example, colour of coat, size of leaf]. They recognise and identify a range of common animals [for example, fly, goldfish, robin].

Level 2 

Pupils use their knowledge about living things to describe the basic conditions [for example, a supply of food, water, air, light] that animals and plants need in order to survive. They recognise that living things grow and reproduce. They sort living things into groups, using simple features. They describe the basis for their groupings [for example, number of legs, shape of leaf]. They recognise that different living things are found in different places [for example, ponds, woods].

Level 3 

Pupils use their knowledge and understanding of basic life processes [for example, growth, reproduction] when they describe differences between living and nonliving things. They provide simple explanations for changes in living things [for example, diet affecting the health of humans or other animals, lack of light or water altering plant growth]. They identify ways in which an animal is suited to its environment [for example, a fish having fins to help it swim].

Level 4 

Pupils describe some processes and phenomena related to organisms, their behaviour and the environment, drawing on scientific knowledge and understanding and using appropriate terminology, for example using food chains to describe feeding relationships between plants and animals in a habitat. They recognise that evidence can support or refute scientific ideas, such as in the identification and grouping of living things. They recognise some applications and implications of science, such as the use of predators to control pest populations.

Level 5 

Pupils describe processes and phenomena related to organisms, their behaviour and the environment, drawing on abstract ideas and using appropriate terminology, for example the main functions of plant and animal organs and how these functions are essential. They explain processes and phenomena, in more than one step or using a model, such as the main stages of the life cycles of humans and flowering plants. They apply and use knowledge and understanding in familiar contexts, such as different organisms being found in different habitats because of differences in environmental factors. They recognise that both evidence and creative thinking contribute to the development of scientific ideas, such as the classification of living things. They describe applications and implications of science, such as solving some of the health problems that arise when organ damage occurs.

Level 6 

Pupils describe processes and phenomena related to organisms, their behaviour and the environment, using abstract ideas and appropriate terminology, for example simple cell structure and function. They take account of a number of factors or use abstract ideas or models in their explanations of processes and phenomena, such as environmental factors affecting the distribution of organisms in habitats. They apply and use knowledge and understanding in unfamiliar contexts, such as a food web in a habitat. They describe some evidence for some accepted scientific ideas, such as the causes of variation between living things. They explain the importance of some applications and implications of science, such as the use of selective breeding.

Level 7 

Pupils describe a wide range of processes and phenomena related to organisms, their behaviour and the environment, using abstract ideas and appropriate terminology and sequencing a number of points, for example respiration and photosynthesis, or pyramids of biomass. They make links between different areas of science in their explanations. They apply and use more abstract knowledge and understanding, in a range of contexts, such as inherited and environmental variation. They explain how evidence supports some accepted scientific ideas, such as the structure and function of cells. They explain, using abstract ideas where appropriate, the importance of some applications and implications of science, such as the uses of cells in stem cell research.

Level 8 

Pupils demonstrate extensive knowledge and understanding related to organisms, their behaviour and the environment. They use and apply this effectively in their descriptions and explanations, identifying links between topics, for example relating cellular structure of organs to their associated life processes. They interpret, evaluate and synthesise data from a range of sources and in a range of contexts, for example environmental data from fieldwork. They show they understand the relationship between evidence and scientific ideas, and why scientific ideas may need to be changed, for example the short-term and long-term effects of environmental change on ecosystems. They describe and explain the importance of a wide range of applications and implications of science, such as relating photosynthesis and respiration to changes in the atmosphere and growth of crops.

Exceptional performance 

Pupils demonstrate both breadth and depth of knowledge and understanding of organisms, their behaviour and the environment. They apply this effectively in their descriptions and explanations, identifying links and patterns within and between topics, for example linking internal and external cell structures to life processes. They interpret, evaluate and synthesise data, from a range of sources in a range of contexts, and apply their understanding to a wide range of biological systems. They demonstrate an understanding of how scientific knowledge and understanding changes, building on processes such as questioning, investigating and evidence-gathering, for example in the study of global climate change. They describe and explain the importance of a wide range of applications and implications of science in familiar and unfamiliar contexts, such as addressing problems arising from global climate change.

The three major syllabuses

	OCR

GCSE Biology A

· 3.3.3 Module B3: Life on Earth
· Recall that life on Earth began approximately 3500 million years ago

· Understand that life on Earth (including species that are now extinct) evolved from very simple

living things
· Understand that there is variation between individuals of the same species and that some of

this variation is genetic so can be passed on to offspring
· Understand that genetic variation is the result of changes that occur in genes (mutations)

· Understand that mutated genes in sex cells can be passed on to offspring and may

occasionally produce new characteristics
· Understand the process of natural selection in terms of the effects of genetic variation and competition on survival and reproduction, leading to an increase in the number of individuals displaying beneficial characteristics in later generations

· Describe the similarities and differences between natural selection and selective breeding

· Understand that evidence for evolution is provided by the fossil record and from analysis of

similarities and differences in the DNA of organisms
· Understand that Darwin’s theory of evolution by natural selection was the result of many

observations and creative thought and why it is a better scientific explanation than Lamarck’s

GCSE Biology B

· Module B2: Understanding Our Environment 

Item B2f: Natural selection

· Explain the reasons why the theory of evolution by natural selection met with an initially hostile response (social and historical context).

· Recognise that natural selection as a theory is now widely accepted:

· because it explains a wide range of observations

· because it has been discussed and tested by a wide range of scientists.

· Explain how Lamarck’s idea of evolution by the inheritance of acquired characteristics was different

from Darwin’s theory.
· Explain why Lamarck’s theory was discredited

· Know that Darwin’s explanation did not have a genetic basis 
· Recognise that the theory of natural selection has developed as new discoveries have been made, to

include the understanding of inheritance.


	AQA

GCSE Biology

· B1.8.1 Evolution

· Darwin’s theory of evolution by natural selection states that all species of living things have evolved from simple life forms that first developed more than three billion years ago.

· The theory of evolution by natural selection was only gradually accepted because:

· the theory challenged the idea that God made all the animals and plants that live on Earth

· there was insufficient evidence at the time the theory was published to convince many scientists 

· the mechanism of inheritance and variation was not known until 50 years after the theory was published.

· Other theories, including that of Lamarck, are based mainly on the idea that changes that occur in an organism during its lifetime can be inherited. We now know that in the vast majority of cases this type of inheritance cannot occur.

· Evolution occurs via natural selection:

· individual organisms within a particular species may show a wide range of variation because of differences in their genes

· individuals with characteristics most suited to the environment are more likely to survive to breed successfully

· the genes that have enabled these individuals to survive are then passed on to the next generation.

· Where new forms of a gene result from mutation there may be relatively rapid change in a species if the environment changes.



	Edexcel

· Unit B1: Biological life on Earth
Variation

· Describe the process of evolution by means of Darwin’s theory of natural selection, including that:

there is variation within and between species 

· organisms compete for resources that are limited

· organisms best suited to the environment survive and

· reproduce

· organisms less well suited are unable to compete and this

· may lead to the extinction of the species

· Unit B2: Cells and systems biology
Anatomy

· Recall that the fossil record suggests that organisms have changed through time

· Explain that there are gaps in the fossil record because:

· fossils do not always form

· soft tissue decays

· many fossils are yet to be found

· Discuss the evidence for evolution based on the anatomy of the pentadactyl limb


Session 1: Evolution – Explained!

	Resources

	Title
	Type

	‘A one-minute guide to Darwin’s theory of Evolution’


	Video: A sixty-second round-up of Darwin's theory of evolution with Dr Paul Davies; illustrating the kind of thinking and careful science that led Darwin towards his ground-breaking and historic conclusions. (Length, approx 60 seconds)

	Bird Tracks
	Worksheet 1

	Evolutionary Diagrams
	Worksheet 2

	Note:  Videos can be found on the relevant web page and within the video gallery


Overview

This activity looks at some of the evidence for evolution and could form part of a sequence of lessons which consider what evidence Darwin used in constructing his theory. 
The main focus of the activity is to demonstrate that fossils provide very good evidence for what life was like in the past and the relationships between extinct and contemporary groups of living things. However, the way that fossil lineages are often presented in textbooks is as a linear change with one species evolving into the next (anagenesis). Whilst this does happen, in reality divergence within a population is what usually gives rise to new species (cladogenesis). 
By exploring the history of early ideas of evolution and comparing them to modern ways of understanding speciation, pupils are forced to question the way that scientific knowledge is both accumulated and dissipated and to consider why scientists may disagree over the significance of the same evidence.

Lesson objectives

Most students should be able to:
· Describe how fossils provide good evidence for evolution
· Know some of the different ways that fossil evidence can be interpreted
· Know that scientists do not always agree over the interpretation and significance of evidence
Some students should be able to:
· Explain the difference ways in which species can form
· Evaluate some of the evidence from the fossil record and use this to inform their ideas about evolution
Curriculum links

The lesson considers the following:

· how scientific knowledge and ideas change over time and how these changes are validated

· the differences between Darwin’s theory of evolution and conflicting theories.

Keywords

science, evolution, speciation, species, evidence, fossils, Darwin
Lesson Outline

Starter 

This activity highlights the differences between evidence and inference. Hand out Worksheet 1 ‘Bird-tracks’ – or if you prefer, copy the image onto a PowerPoint and display to the class. 

Ask questions such as: 

“What do you think made the tracks?”
“What patterns can you observe in the tracks?” “Where do you think the tracks are headed?” (i.e. what can be inferred from the tracks?) 

“Do we know that the birds were in the same place at the same time?"

Collect together pupil ideas to explain the ‘story’ that the tracks tell. All ideas should be included at first. Then encourage the pupils to test the different ideas against the evidence of the tracks.  Dismiss any ideas that are contrary to the evidence provided. 

Conclude by asking: “What does this tell us about how scientists use evidence?”  

Main activity
Ask the pupils for some ideas about what they understand by the term ‘evolution’. Collect these in and write on the board. The ideas may fall into two categories: definition and mechanism (it would be useful to separate these on the board). 
Ask the pupils how we know that evolution takes place and the mechanisms that cause it to happen.
Show the Faraday video A one-minute guide to Darwin’s theory of Evolution and compare this explanation to the ideas the pupils have provided.

Show/hand out copies of various interpretations of the interrelationship and evolution of living things (Worksheet 2, Evolutionary diagrams):

Haeckel’s Tree of Life

Evolution of humans from gibbon to man

Phylogenetic tree of human evolution
Ask pupils for their ideas: 

“What do these diagrams show?”

“How are they similar?”

“How do they differ?”

Haeckel’s tree suggests that humans are the are most evolved and complex organisms; the linear evolution of primates suggest one species evolves into another; the modern tree puts all extant species at an equal place and shows common ancestry.

The horse

Introduce the idea of using the evolution of the horse as a useful way of thinking about adaptation to environment. Horse fossils are particularly useful because they are abundant, show changes through time and are complemented by an extensive environmental record. 

It may be you have a textbook with a diagram showing the evolution of the horse, if so, it is likely to be linear in structure starting from Hyracotherium and ending with Equus in a series of successive changes that led to the modern horse. The actual story of the evolution of the horse is more complex and this simplistic type of diagram has been criticised by palaeontologists and used as a weapon by Creationists to suggest pupils are being misled.

Provide pupils with different diagrams to show the evolution of the horse (some are given on Worksheet 2). 
Ask pupils to compare and contrast the diagrams:

“How are they the same?”

“How are they different?”

“Can you pick a linear pattern in the branched diagrams?” 
Ask the pupils to consider why the classic textbook diagram is present as linear progression when the actual story is more complex.
Primates
Introduce the idea of human evolution as often being depicted as linear progression (i.e. as shown in Evolution of humans from gibbon to man diagram on Worksheet 2).

Show pupils the primate cladogram on the same worksheet and ask them to compare this to the linear image.

Rates of evolution

The diagrams that the pupils have looked at so far often imply change through time (with the changes being gradual and, often, progressive). Ask pupils to sketch a graph of time against evolutionary change to represent the evolution of three species along a lineage. They may produce something like this:
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This is the Gradualism model (slow change over millions of years) that is supported by lots of evidence (fossil and molecular) and by many scientists.

Now show the pupils a graph like this:
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(These images can be found on Worksheet 2)
Ask the pupils to compare the two graphs. The second one represents Punctuated Equilibrium. The idea that evolution occurs in short (thousands to hundreds of thousands of years) bursts followed by much longer periods of little change (stasis). 

Ask pupils to suggest reasons for the different interpretations of evidence of the rate of evolution. (The major problem is that the fossil record is very incomplete giving the appearance of large changes or jumps).

Plenary
Ask the pupils to look again at the ideas about evolution that were collected at the start of the lesson. Have they any new ideas to add?
Ask pupils to write (or discuss in groups and be ready to feedback to the class) a few sentences that define the two terms: observation and inference.
Further reading for pupils or homework task 
Visit http://faradayschools.com/how-science-works/science-year-10-11/who-was-darwin-anyway/  to find out more about Darwin.
Further reading for teachers

1. Gould, S. (1989) Wonderful Life.

A book by the famous palaeontologist Stephen Jay Gould which explores a fascinating fossil assemblage from the Burgess Shale and presents his ideas on the rates of evolution and the path evolution takes.

2. Gould, S. (1991) ‘The Case of the Creeping Fox Terrier Clone’ Bully for Brontosaurus: Reflections in Natural History.
A critique of the simplistic representation of the evolution of the horse in textbooks.

3. MacFadden, B. (2003) Fossil Horses: Systematics, Paleobiology, and Evolution of the Family Equidae. 
The definitive guide to the history of the horse.
Bird Tracks – Worksheet 1
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Evolutionary Diagrams – Worksheet 2

Evolution-explained!
	

	What do fossils tell us about how evolution works? 



1. For Discussion

What do you think of when you hear the term ‘evolution’? Discuss your ideas in small groups and then be ready to feedback to the whole class.

2. Evolutionary diagrams

Evolutionary diagrams or trees are often used to represent how living things evolve. Look at the three diagrams below that depict the evolution of humans, and answer the questions that follow.

	

Haeckel’s Tree of Life


	

Evolution of humans from gibbon to man
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What do these diagrams show? How are they similar? How do they differ?

3. Evolution of the horse

Look at the pictures of the evolution of the horse (those below and any your teacher may give you).  
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How are they the same? How are they different? 

Can you pick a linear pattern of evolution in the middle diagram above?
4. Primate evolution and cladograms

Look at the diagram below showing the evolution of primates and compare it to the Evolution of humans from gibbon to man diagram you looked at in question 2. How are they different? What information does the diagram below show about how species formed that the one in question 2 does not.
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5. Rates of evolution

Look at the two graphs below showing how species 3 evolves from species 1 and 2. What evidence would you look for in the fossil record to support each graph? 

The fossil record contains many gaps, which graph would this support? Why?

[image: image12.png]species 3

species 2

evolution —

species 1

time —s




Gradualism 
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Punctuated Equilibrium. 

Summary

· Look again at the ideas about evolution that were collected at the start of the lesson. Have you any new ideas to add?
· Write (or discuss in groups and be ready to feedback to the class) a few sentences that define the terms: observation and inference.

Session 2: 
Evolutionary understanding since Darwin - Neodarwinism

	Resources
	

	Title
	
	Type

	Neodarwinism
	
	Worksheet 3

	Tiktaalik
	
	PowerPoint Slides: of the fossil Tiktaalik

	‘Your quick guide to ... Creationism, Atheism and Theistic Evolutionism’
	
	Video: Dr Denis Alexander, Director of The Faraday Institute for Science and Religion (Length, 1 min, 40 secs)

	Note: Videos can be found on the relevant web page and within the video gallery


Overview
This activity is designed to form part of a lesson which is focused on how modern biology provides even more evidence for evolution and Natural Selection. 
The first part of the activity introduces pupils to some of the latest research in molecular evolutionary biology as well as a recent fossil find which have furthered our understanding of evolution at the species level. 
The second part of the activity is focused on how, in light of the mounting evidence to support the ideas of Darwin and his contemporaries, some modern biologists are able to reconcile religious belief with a thorough and thoughtful understanding of modern evolutionary biology. 

Lesson objectives

Most students should be able to:
· Describe a variety of evidence to support the theory of evolution by natural selection

· Know what is meant by a missing link in the fossil record

· Know that some scientists have a religious faith
Some students should be able to:
· Begin to explain how some scientists can have religious faith
· Evaluate some of the evidence for evolution
Curriculum links

Science
The lesson considers the following:
· how scientific knowledge and ideas change over time and how these changes are validated
· the differences between Darwin’s theory of evolution and conflicting theories.

Keywords

science, evolution, DNA, Neodarwinism, fossils, evidence, molecular

Lesson Outline

First activity







· Show the pupils an image of DNA (easily found by searching Google Images “DNA”)
· Ask pupils what they think it is and why it is important to understanding evolution

Pupils will give a range of reasons but try to elicit the idea that the discovery of the structure of DNA (in 1953 by Crick and Watson) led to a revolution in our understanding of how cells work and inheritance and has helped scientists to understand the relationships between living things. 
You may like to show this short clip where Professor Richard Dawkins talks about why he thinks the discovery of DNA is so important (http://www.youtube.com/watch?v=oF1UzhPA5N8). 

Second activity







Tell the pupils that since the discovery of the structure of DNA the following has been found (see Worksheet 3, Neodarwinism):

· All living things contain DNA 

· DNA is very similar in structure in all living things and most similar between living things which we think are closely related (for example, chimpanzees and humans)

· All humans can be linked through a small loop of DNA that is not found inside the nucleus (it is in special cell organelles called mitochondria). This DNA is inherited from our mothers (via the mitochondria in her egg).

· All living things use the same molecule (called ATP) as an energy source

· DNA can change (mutate) by many different mechanisms

· Mutations in DNA may have no effect, be detrimental or be beneficial. 

The pupils should brainstorm these ideas and answer these questions:

1. What possible conclusions about the relationships between living things could you draw from this information?
2. How can this information help us understand the evolution of living things?

· Ask the pupils to feedback on their ideas.
You will expect a range of responses to these two questions and all ideas should be encouraged. That all living things are related is accepted by almost all scientists but what this means in terms of how ancestral species evolve into new forms is much more contested (particularly, whether the random mutation rate of DNA can account for the variety of life on Earth).

· Now ask the pupils what they understand by the term ‘missing link’.

The most common responses are that it is an organism which is half way between two separate species. 
· Explain that in some ways, this type of definition is correct but it is rather naïve. To a biologist, all living things are potential ‘missing links’ because, unless they go extinct, they will evolve into new species. However, some really important fossils have been found which are very good examples of ‘missing links’.

· Ask the pupils what features a missing link between fish and amphibians may have

· Now show the pupils the PowerPoint slides of the fossil Tiktaalik, which was discovered in 2004, ask them how they would interpret the features that are present 
There are a number of interpretations, and scientists disagree about what they mean. The most widely held explanation is that it represents the link between a group of fish and early amphibians. Alternatively, but much less likely, Tiktaalik could represent an evolutionary dead-end that went extinct without leaving any ancestors. 

Third activity

In the final activity, the pupils will think about how some scientists argue that religious belief can be reconciled with a full and thorough acceptance of evolutionary biology.
· Ask the pupils to read the brief biographies (Worksheet 3) of the four biologists Simon Conway Morris, Michael Ruse (philosopher of Biology), Francis Collins and Stephen Jay Gould.

· Ask the pupils the following questions:

1. Do you agree with the ideas put forward in the quotes by Conway Morris, Collins and Ruse?

2. Do the ideas of separating science and religion into two ways of thinking, as Gould suggests, make sense?

The answers to the first question will be varied and pupils should be encouraged to discuss and evaluate alternative perspectives. 

The second question draws on Gould’s ideas of non-overlapping magisteria (NOMA). A concept which has been criticised because it does not accommodate ideas that clearly span both ways of thinking.

The film suggested in the Plenary activity builds on these ideas.  

Plenary










· Ask the pupils: can you believe in both evolution by Natural Selection and have a religious faith?

Show pupils the video Your quick guide to ... Creationism, Atheism and Theistic Evolutionism found at http://faradayschools.com/re-topics/re-year-10-11/ways-to-interpret-genesis/ and discuss.
Follow up work
Pupils could prepare for a debate addressing the question: ‘Does evolution have any religious significance?’  A homework task could be given where pupils research different standpoints, such as those of Richard Dawkins, Michael Ruse and Simon Conway Morris.
Useful reading for teachers and classroom resources
1. http://www.youtube.com/watch?v=vueDC69jRjE
A clip of Richard Dawkins answering some questions about his views of evolutionary biology and science. The clip is also available via: http://richarddawkins.net/
2. http://www.youtube.com/watch?v=Ml0FqyFYfrU
A clip of Francis Collins explaining why he believes in God

3. http://www.youtube.com/watch?v=M5sMva2ydoU&feature=related
A clip where Francis Collins explains how he is able to believe in God and yet accept evolution by means of Natural Selection

4. Ruse, M (2004). Can a Darwinian Be a Christian? 

A book in which the atheist Michael Ruse asks whether being a theist is incompatible with being a Christian.

5. Alexander D. (2011) Creation or Evolution – Do We Have to Choose?
A book in which the biologist Denis Alexander argues that there is no need to choose between creation and evolution. 

Neodarwinism – Worksheet 3
	

	How has our understanding of evolution changed since Darwin?


1. For Discussion

Since the discovery of the structure of DNA the following has been found:
· All living things contain DNA 

· DNA is very similar in structure in all living things and most similar between living things which we think are closely related (for example, chimpanzees and humans)

· All humans can be linked through a small loop of DNA that is not found inside the nucleus (it is in special cell organelles called mitochondria). This DNA is inherited from our mothers (via the mitochondria in her egg).

· All living things use the same molecule (called ATP) as an energy source

· DNA can change (mutate) spontaneously

· Mutations in DNA may have no effect, be detrimental or be beneficial
Discuss the following questions and be ready to feedback to the rest of the class.

1. What possible conclusions about the relationships between living things could you draw from this information?

2. How can this information help us understand the evolution of living things?

2. Missing links

	1. In your group discuss what do you think the term ‘missing link’ means.

2. What features do you think a missing link between fish and amphibians may have?
	



3. Science and gods
Read the short biographies of four biologists and discuss the questions which follow.
Simon Conway Morris
Simon Conway Morris works in the Department of Earth Sciences at the University of Cambridge and is best known for his work on the Cambrian “explosion”, a period in geological time when lots of important fossils are found. He is active in the public understanding of science and has done lots of radio and television work. A Christian, he is also actively involved in various science and religion debates, including arguments against intelligent design on the one hand and materialism on the other. He claims that evolution may be compatible with belief in the existence of a God. 
A quote:
“A world-picture that encompasses science but also the deep wisdom of theology may help us to explain how it is we can think, how we discover the extraordinary, but so too it may warn us of present dangers and future catastrophes . . .”
Francis Collins
Francis Collins is an American geneticist, noted for his discoveries of disease genes, his leadership of the Human Genome Project (HGP) and as director of the US National Institutes of Health. He has written a book about his Christian faith, The Language of God, and Pope Benedict XV1 appointed him to the Pontifical Academy of Sciences. He considers scientific discoveries an "opportunity to worship" and believes in evolutionary creation which he refers to as BioLogos. 
During a debate with the biologist Richard Dawkins (a hardened atheist and evolutionary biologist), he stated that God is the explanation for features of the universe that lie beyond science (such as: “Why is the universe intelligible?” “Why is science even possible?”) and that God himself does not need an explanation since he is the source of everything that exists. Dawkins called this "the mother and father of all cop-outs" to which Collins responded "I do object to the assumption that anything that might be outside of nature is ruled out of the conversation. That's an impoverished view of the kinds of questions we humans can ask, such as 'Why am I here?', 'What happens after we die?' If you refuse to acknowledge their appropriateness, you end up with a zero probability of God after examining the natural world because it doesn't convince you on a proof basis. But if your mind is open about whether God might exist, you can point to aspects of the universe that are consistent with that conclusion".
Michael Ruse
Michael Ruse is a philosopher of biology at Florida State University, and is well known for his work on the creationism/evolution controversy. He was born in England and has taught in a number of universities in both the UK and North America. He considers himself both an atheist and agnostic, but thinks it is possible to reconcile the Christian faith with evolutionary theory. He regularly debates and argues with supporters of intelligent design. 
A quote:
“Those of us who love science must do more than simply restate our positions or criticize the opposition. We must understand our own assumptions and, equally, find out why others have (often) legitimate concerns. This is not a plea for weak-kneed compromise but a more informed and self-aware approach to the issues. First understanding, and then some strategic moves”. 
Stephen Jay Gould
Stephen Jay Gould was an American palaeontologist, evolutionary biologist, and historian of science and was also one of the most influential and widely read writers of popular science. 

In his book Rock of Ages (1999), Gould put forward what he described as "a blessedly simple and entirely conventional resolution to...the supposed conflict between science and religion”. Here he described his ideas of non-overlapping magisteria (NOMA). This idea states that science and religion ask questions which are different one another and concerned with different ideas and ways of thinking and, therefore, it is possible to hold both religious and scientific viewpoints. However, some people have argued that this division is not quite as simple as it seems; for example, there is abundant historical evidence for a constant traffic of ideas between science and religion, and ironically Gould himself wrote some fine historical essays concerning the way that religious beliefs have influenced the thinking of scientists.  
Session 3:  God and Evolution

(if preferred could be skipped or taught as a collaborative session)
	Resources
	

	Title
	
	Type

	‘Ideas and Evidence’
	
	Video, with fingerprinting expert (9 mins)

	Defining Science and Religion
	
	Worksheet 4

	How does science work?
	
	Worksheet 5

	What is it with humans?
	
	Video (4 minutes, 35 seconds)

	Note: Videos can be found on the relevant web page and within the video gallery


Overview

This session considers the different methodologies used in science and religion.  Science deals with hypotheses which are constructed and revised in light of empirical observations, while religion is based on reason, evidence and revelation.

Lesson objectives

Most students should be able to:

· Understand what the scientific method is;

· Understand the concept of religious knowledge;

· Understand that the arguments for the existence of God concern the balance of probability, rather than the sort of evidence which is used in science;

· Explain how the existence of life can be understood from both a scientific and a religious perspective.
Some students should be able to:
· Explain the limits of science, and the complementary role religion plays in offering answers to ultimate questions which science cannot investigate.

Keywords

argument, empirical evidence, free will, hypothesis, intuition, metaphysical, null hypothesis, reason, revelation, scientific method, the Big Bang

Lesson Outline

Starter 
Hand out Worksheet 1, ‘Defining Science and Religion’  and fill in the blanks, either individually or together.

Activity 1: What is the “scientific method”?

Resources: Fingerprints video, Worksheet 4, ‘Defining Science and Religion’
Tell the students that they will be set the challenge of composing a definition of the word ‘science’ in pairs, using the ‘Ideas and Evidence’ video to help them.

Play the ‘Ideas and Evidence’ video on the FaradaySchools website, and then give the students a few minutes in pairs to come up with a definition.  Read some out and compose a list together of the key ideas.  

Explain the central point that science is highly effective in its particular area of investigation (the observable universe), but that it does have limits, and that religion is largely concerned with things which lie beyond those limits.  

Optional - Pupils should read Worksheet 3, ‘How Does Science Work?’ and answer the questions ready for a discussion.

Main activity and discussion

Activity 2:  What it is to be human

Resources: Video ‘What is it with humans?’

Explain to students that the video they are about to watch suggests that human experience extends beyond what is measurable by science. Students should take notes in preparation for writing answers to the following questions:

· How does science explain the universe?

· Do you think that what it is to be human can be described in terms of physics, chemistry and biology?
· Are all forms of life just a collection of cells?
· How did Darwin change what we think about life on Earth?
· Explain the difference between agency and mechanism.  Think of an illustration of this, other than the cup of coffee example given.
Plenary : 

· What is science trying to do, and by what means?

· What is religion trying to do, and by what means?

Draw out the central points that science is concerned with understanding the working of the natural universe, while religion is concerned with the metaphysical.

Homework/further research

Draw or display a large Venn diagram, with two overlapping circles, one labelled ‘Science’ and the other ‘Religion’. 
Split the class in two, and have volunteers come up one at a time to place a series of words and phrases in one of the three sections, i.e. either ‘science’, ‘religion’ or ‘science and religion’.  
Some of them may stimulate fierce debate!  A scoring system could be introduced. The following words and phrases could be used:

· Argument for the existence of God

· Empirical evidence
· Free will
· Scientific hypothesis
· Intuition
· The metaphysical
· Reason
· Revelation
· The scientific method
· The Big Bang

Defining Science and Religion – Worksheet 4
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“Science” and “religion” are very broad concepts, and it is important to be clear about what they mean to understand how they relate.  Read the definitions below, and fill in the blanks using the words and phrases below each paragraph.
A. Science and Religion

Science and Religion ______ make claims about the Universe and our place within it. The key _________ in both Science and in Religion is: ‘What makes you think that this claim is _______?’ 
	true;  question; both


B. Science

Science seeks ____________ via the ____________ ____________, using ____________.  The area of truth it concerns itself with is the working of the ____________ ____________.  It aims to express itself in ____________, which can and sometimes do ____________as science ____________.

	advances; change; empirical method; facts; natural universe; reason; truth


C. Religion
Religion seeks truth by interpreting _______________, which is knowledge which religious people believe that God has _______________ to humanity, most importantly through _______________ _______________.  Religion also seeks truth through _______________ (working things out with our minds), _______________ (what we can know with our senses), by seeking out ________ evidence and sometimes _______________ (what we feel or sense to be the case).

The area of truth religion is most concerned with is the _______________ (which literally means “beyond the physical”), in other words the sorts of _______________ which cannot be answered by science.  Its conclusions are expressed in terms of _______________, which are answers that might have a huge impact on how people live. 
	beliefs; revelation; empiricism; holy scriptures; intuition; metaphysical; questions; reason; revealed; historical


How Does Science Work? – Worksheet 5
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Science works by setting up a hypothesis and asking if there is observable, verifiable, and repeatable evidence that the hypothesis must be wrong.  It’s the principle of falsifiability based on what is called “the rejection of the null hypothesis.”

Imagine that a drug company wants to know if a particular medicine it wants to market will have undesirable side effects.  To test whether headaches might be a side effect, the null hypothesis is “this medicine will not cause headaches.”  It gives the medicine to a selection of volunteers, and if it is followed by headaches, the company rejects the null hypothesis, and agrees to publish a warning that a side effect of the medicine may be headache.  If nobody gets headaches, the company can only say “we have found no evidence that it causes headaches.”  
It is still possible that, once a medicine is on the market, some people might get a headache after taking it.  If this is reliably confirmed, it is evidence that does indeed result in the rejection of the null hypothesis which was that the drug has no known side effects

Could Science Disprove God?
In relation to God, then, the scientist would ask if there is anything we might observe which would enable us to reject the null hypothesis that “we have proof there is no God”.
The fact is that there could never be any such observation.  There is nothing that any of us could observe that would prove that there cannot possibly be a God.  On the other hand, this doesn’t prove that there must be a God either.  What some see as proof of God’s existence, others see as natural occurrences which science can or will some day be able to explain as a natural phenomenon.  For instance:

a) When the Russians first put an astronaut into space, they announced that they had not found God and that this was proof that God did not exist. But it was not proof!  If God is an immaterial spiritual being, there is no way anybody could see Him in space.

· Some people reason that the universe exists at all is evidence that there must be a First Cause, which could be called God. 
· But other people reason that the universe has always existed, and so has no First Cause.  Others question why God should be the only “cause” which is uncaused – they ask “who made God?” 
· Some people say that the fine-tuning of the physical constants that render life possible provides evidence that there is a God who creates such a universe designed for life. 
· Others say that this is just a set of lucky coincidences.

· Some people say that evil and suffering disprove the existence of a good God. 

· But other people say that carbon-based life may be the only way in which intelligent beings who can respond to God’s love could be created and that a greater good will come from the suffering, even if we don’t understand how in this life. 

· Some people believe in God because of some good fortune like being rescued in an earthquake or hurricane or some other disaster.  Some people have been converted after being cured of a grave illness or observing something that seems to be miraculous. 
· But other people look at these as natural phenomena rather than acts of God. 

Science and the God Question
That is why the question of God is not a question that can be ever be answered by applying the scientific method.  The problem with testing the hypothesis “There is no God” is that there are no conditions we might observe which would prove that there must be a God, or that there cannot be.

There are many scientists who believe in God and who are committed believers.  But there are no scientists who can say that they believe in God because they have proved this through an application of the scientific method.  Ultimately belief in God is a decision that goes beyond what can be demonstrated scientifically, that goes beyond science.
The question of God is not a question science can answer for us.

Belief, however, is not necessarily a question of ignoring what we experience.  Many scientists and non-scientists alike sense a wonder in the world, a mystery, something transcendent which some call God, others call Sacred, others simply That-Which-Cannot-Be-Named, or the Unknown.

Some people experience it through poetry or music, in mathematics, in quantum mechanics, in the apparent infinity of space.  Others experience it in a relationship, in the look on a child’s face, in an act of kindness or undeserved loyalty.  Some people have sensed it on the peak of a mountain or an ocean shore, some after a great gift, others after a great loss.
What do you think?
a) Is there any experience that could convince you that a being exists you might call God, or that there is a transcendent spiritual dimension?
b) Is there anything that would convince you that God could not possibly exist?

c) Would that evidence convince everyone that no other scientifically viable conclusion is possible?

d) Are there experiences which are beyond science which answer these questions for you?
Copyright © T. Herman Sissons, Ph.D.

Session 4 - Extension activity:  Intelligent design

	Resources

	Title
	Type

	Pocket watch

Animal eyes (human, bee, Nautilus, snail, velvet worm)
	Image – search on Google

Images – search on Google

	The Dover Trial


	Wikipedia http://en.wikipedia.org/wiki/Kitzmiller_v._Dover_Area_School_District

	Government Guidance on teaching about Creationism (2007)
	Government guidelines – these have been pasted at the end of this session plan

	Glossary of terms 
	A guide to the terminology – given at the end of the session notes


Overview
Many Science teachers avoid discussion of Intelligent Design and Creationism in their classroom, concerned that, to discuss these ideas in a Science class could promote them as having a scientific basis, which they do not. However, discussion of this kind can be a really useful way of encouraging students to think about the nature of science and what it means to ‘think scientifically’. 

This activity can be used in a variety of ways and to occupy various amounts of time. For example, as an extension activity in either Key Stage 4 or 5 (as part of a sequence of lessons exploring Darwin’s development of his ideas in ‘On the Origin of Species’ and how some religious viewpoints have struggled with this explanation) or as an introduction to an AS Extended Project Qualification assignment.

The activity introduces pupils to the idea of living things appearing to be designed and then explores some of the different ways this has been explained. The main focus is on Creationism and Intelligent Design, ideas which do not accept the Darwinian view of evolution by Natural Selection. [Explain that ID is very different from creationism – several leading ID proponents are atheists.]

It is important to emphasise at this point that creationist and intelligent design ideas are non-scientific ideas, with (usually) faith based stances; and moreover that they are often put forward by people as a scientific alternative to explain the origin and evolution of life. 
The main ideas to be addressed in this session are: what makes an idea scientific and why are there conflicting ideas about origins?

Curriculum links
· how scientific evidence is collected and its relationship with scientific explanations and theories 

· the differences between Darwin’s theory of evolution and conflicting theories

· reasons for different theories.

Keywords

science, evolution, intelligent design, creationism

Activity Outline

In this opening activity, pupils are encouraged to think about what it means when we say something is designed and why living things appear designed.

Ask pupils what they understand the word ‘design’ to mean. A useful way might be to ask them to construct sentences that use the word. For example:

· The design of the jewellery was very elegant

· The blueprint showed how the car was deigned

· The designers in the architects’ office were working hard on the bridge project.

· The fact that Daniel yet again forgot his homework seemed to the teacher to be more by design than chance.
Show the pupils an image of an old-fashioned pocket watch (easily found on Google images by search for “pocket watch”).

Ask the pupils to brainstorm (in pairs) the different explanations they can come up with to explain how it came into being. It might be useful to relate this to the story of Rev. William Paley who famously commented on what finding a watch like this in a field would mean to him. 

· Take some feedback from the class and record somewhere prominent 

· Now show the pupils various images of animal eyes (e.g. human, bee, Nautilus, snail, velvet worm)
· Again, ask the pupils to brainstorm as many ideas as they can to explain how the eyes came to be the way they are

· Take some feedback from the class and record alongside the ideas about the watch

· Ask the pupils to compare and contrast their ideas for the watch and the eyes (Are any the same, are any different, why?)

Pupils could suggest a range of ideas to explain where the watch and eye came from but you would expect ideas related to design and built by someone (an engineer) for the watch and evolution (by Natural Selection) for the eyes. However, try not to limit the pupils to these ideas but encourage all explanations, however fanciful. This may include, chance, a supernatural designer etc. Comparison should be made between the lists, and the question asked: how can the two lists be explained?

Main activities











During the main activities, pupils reflect on the nature of science and the types of questions science is good at answering and then produce an advertisement for an article by different people in a response to the publication of On the Origin of Species. 

First activity
Give the pupils some information about the following (examples are given below):

· Evolution by Natural Selection

· Creationism

· Intelligent Design (ID)

Some useful information:

Evolution by Natural Selection

The theory that Darwin proposed in ‘On the Origin of Species’. It says that all living things are related and have changed through time (the idea of descent with modification). Since Darwin it has been shown that random mutations take place in genes and this, together with random assortment of genes during sexual reproduction, together with several other mechanisms, causes variation in individuals.    This variation changes their chance of passing on their genes to the next generation (‘reproductive success’). Importantly, this process is not a chance event. The mutation happens by chance but the differential reproductive success it confers is predictable. Almost all professional biologists, and most other scientists, accept the theory of evolution as the only explanation that fits the evidence and, as more evidence is made available, the theory becomes stronger. Importantly, the term ‘Theory’ in science is not the same as its colloquial use (where it means an idea as in “it’s only a theory”). A Scientific Theory is one which is tested against evidence and found to be the best explanation. Scientific theories are like maps which can incorporate new data and become better maps with the passage of time. 
Creationism

This term covers a wide range of beliefs, central to which is the idea that there is a creator (normally thought of as a supernatural god). In the modern use of the word, creationism has come to mean ‘young-Earth creationism’. This involves a belief in creation but also includes beliefs that the earth is only about 10,000 years old and that creation occurred by specific events controlled by God in six literal ‘days’ around 6000-10,000 years ago. This contrasts with the view that God acts through natural processes of stellar, chemical and biological evolution. ‘Old Earth Creationism’ refers to the belief that the earth is as old as science now states, but that the main kinds of animal and plant were created suddenly rather than by a long process. 
Intelligent Design (ID)
This is the belief that certain biological features are too complex to be explained by the theory of evolution and therefore point to ‘intelligence’ designing it (i.e. a god or gods). This idea developed in the early 1990s and is often attributed to Phillip Johnson’s book ‘Darwin on Trial’, written in response to Richard Dawkins’ The Blind Watchmaker. Supporters of ID have worked hard to distance themselves from theistic positions (so the intelligence need not be a god) and base much of their thinking on biological entities which, they claim, are impossible to explain by natural selection. They describe these things as being ‘irreducibly complex’. The two most important people involved in this argument, both from N. America, are Michael Behe (a Roman Catholic biochemist) and William Dembski (a mathematician currently on the staff of a Baptist University). Importantly, ID is not the same as Creationism; many people who follow the argument of ID accept Darwinian evolution as explaining most things in biology but use ID when they feel natural selection cannot account for certain structures. 
· Ask for feedback on the three ideas (this needs to be recorded for the pupils to see) 
· Now, using the class feedback, ask the pupils to pick out the similarities and differences between the three ideas. Here you should emphasise what makes something science (observations that can be tested, often empirically) so, in the case of evolution by natural selection: mutation rates in genes, how genes work, development of antibiotic resistance in bacteria, fossil evidence, shared biological molecules in all living things (DNA, ATP). This is the time to also emphasise that Creationism and ID Creationism are not scientific ways of thinking and so should not call themselves scientific. 

Second activity

Introduce the main task to the pupils: Working in groups of 4-5, pupils produce an advertisement (poster or for a newspaper) for an article responding to the publication of Darwin’s On the Origin of Species (published in 1859). This should reflect how the particular person might have responded at the time. Four useful people to consider are:

· Thomas Huxley: a major defender of Darwin, nick-named ‘Darwin’s Bulldog’

· The Revd Adam Sedgwick: professor of geology at Cambridge and Darwin’s old teacher. Opposed Darwin’s theory because he didn’t think it was scientific enough.

· The Revd. Baden Powell: he welcomed the book because he felt it showed a plan for God’s creation and thus supported his religious convictions

· Asa Gray: a U.S. botanist who corresponded with Darwin. He felt that natural selection was a mechanism that God had designed.   

Pupils will need access to the internet to research these (or other) people. 

The advertisement should outline the responses of the person to Darwin’s book and make it clear the standpoint they adopted, with reasons.

How long this takes will depend on the class but it could continue over several lessons or be part of a homework task

The groups should feedback by describing and explaining their advertisement to the rest of the class

Plenary











Having heard the presentations, ask the pupils as individuals, to write down a brief summary of:

· What makes Darwin’s theory of evolution Science?

· Why aren’t Creationism and ID scientific?

· The categories the advertisements fall into: i.e. Darwinism (natural selection), Creationism and ID Creationism

· Why people have different views?

Get some feedback from the pupils and link these back to ideas about the watch and eyes used in the introduction. The main themes that will emerge are that Creationist views are not scientific because they cannot be tested. ID has sometimes presented itself as having a scientific approach but, relying on focusing on the ‘gaps’ that science cannot explain (yet), is again untestable and unscientific. Interestingly, two of the most commonly discussed examples of irreducible complexity are the eye and the ‘motor’ of bacterial flagella (a tail like structure which allows bacteria to move). However, as more evidence is found, the gradual evolution of these structures (by natural selection) becomes better understood so that now both structures can be explained using Darwinian ideas. However, Behe still argues that some parts of the eye are still too complex to be explained in this way.

Draw out the idea that science answers certain types of question while belief systems address different ideas. An interesting quote that gives a suggestion about how followers of ID are keen to present it as science is from the Judge in the Dover Trial (see ‘Resources’) who, in summing up against the teaching of ID in US schools said: “[when presented as a scientific theory, ID is] at best disingenuous, and at worst a canard (i.e. a rumour or falsified idea).” 

Follow up work

· The Dover Trial in 2005 where the school board was tried for allowing ID to be part of the science curriculum could be re-enacted (maybe in Drama lessons). 
There is a wide range of resources and background material on these topics and those listed below are good starting points. 
Website articles 
Guidance on the place of Creationism and Intelligent Design in the science classroom

http://www.srsp.net/new/guidance_science.html 
Articles may be found on the pages of the Faraday Institute for Science and Religion: 

http://www.st-edmunds.cam.ac.uk/faraday/Papers.php 
A page on the website of Christians in Science devoted to sources of information about origins, creation, creationism and intelligent design. It includes a number of links to web pages that are relevant to creationism and ID: 
http://www.cis.org.uk 
The Interacademy Panel’s statement on the teaching of evolution: http://www.interacademies.net/Object.File/Master/6/150/Evolution%20statement.pdf 

Useful books 
Alexander, Denis (2008) ‘Creation or Evolution - Do We Have to Choose?’ Monarch

Ayala, Francisco J (2006) Darwin and Intelligent Design, Minneapolis: Fortress Press, ISBN 978-0-8006-3802-3. 
Francis Collins ‘The Language of God’

Jones, L. & Reiss, M. J. (eds) (2007) Teaching about Scientific Origins: Taking account of creationism, New York: Peter Lang. Examines the implications of the rise in creationism for school science teaching and presents suggestions for ways forward. 
Manson, Neil A (ed) (2003) God and Design: The teleological argument and modern science, London: Routledge. Considers the design argument from historical, philosophical, theological, biological and physical perspectives.
Miller, Kenneth Finding Darwin's God: A Scientist's Search for Common Ground Between God and Evolution. 
Poole, M. W. (2007) User’s Guide to Science and Belief, Ch 8-10, Oxford: Lion Hudson, ISBN 978-0-7459-5274-1 
Ruse, Michael The Evolution-Creation struggle.
Government Guidance on teaching about Creationism (2007)
(copied here for your convenience)

GUIDANCE ON THE PLACE OF CREATIONISM AND INTELLIGENT DESIGN IN SCIENCE LESSONS 
The National Curriculum 
The National Curriculum secures for all pupils, irrespective of background and ability, an entitlement to a range of areas of learning. Its aim is to develop knowledge, understanding, skills and attitudes necessary for each pupil's self-fulfilment and development as an active and responsible citizen. It makes expectations for learning and attainment explicit to pupils, parents, teachers, governors, employers and the public, and establishes national standards for the performance of all pupils. 

The National Curriculum provides the framework of what should be taught in a particular subject. It does not state how subjects should be taught and schools are free to add additional material to it when developing their school curriculum (for example some schools choose to teach Astronomy at GCSE in addition to other science GCSEs). 
Science in the curriculum 
Science is a core subject of the National Curriculum throughout every key stage. 

The science programmes of study set out the legal requirements of the science National Curriculum. They focus on the nature of science as a subject discipline, including what constitutes scientific evidence and how this is established. Students learn about scientific theories as established bodies of scientific knowledge with extensive supporting evidence. Hypotheses are developed on the basis of the body of knowledge and are tested experimentally to generate further evidence that may be supportive or contradictory. Experimental work can then be used to generate further evidence in order to test new hypotheses based on these bodies of scientific knowledge. The role of the scientific community in evaluating and validating new work is also included as is the nature of, and evidence for, evolution. 
Religious Education in the curriculum 
Religious Education (RE) is a component of the basic curriculum, to be taught alongside the National Curriculum in all maintained schools. 

There is scope for young people to discuss beliefs about the origins of the Earth and living things in RE. The DfES and QCA have published a non-statutory national framework for RE and supporting teaching units which include the unit „How can we answer questions about creation and origins?‟ The unit focuses on creation and the origins of the universe and human life, as well as the relationships between religion and science. Students have opportunities within RE lessons to discuss, explore, question and evaluate these relationships. The unit can be downloaded from http://www.qca.org.uk. 
Scientific theories 
The use of the word ‘theory’ can mislead those not familiar with science as a subject discipline because it is different from the everyday meaning of being little more than a ‘hunch’. In science the meaning is much less tentative and indicates that there is a substantial amount of supporting evidence, underpinned by principles and explanations accepted by the international scientific community. However, it also signals that all scientific knowledge is considered to be provisional as it can be overturned by new evidence if this is validated and accepted by the scientific community. 

Creationism and intelligent design are sometimes claimed to be scientific theories. This is not the case as they have no underpinning scientific principles, or explanations, and are not accepted by the science community as a whole. Creationism and intelligent design therefore do not form part of the science National Curriculum programmes of study. 
What is appropriate to teach in science lessons? 
The nature of, and evidence for, evolution must be taught at key stage 4 as these are part of the programme of study for science. Key stages 1, 2 and 3 include topics such as variation, classification and inheritance which lay the foundations for developing an understanding of evolution at key stage 4 and post-16. 

The nature of science as a subject discipline must also be taught, as described in Sc1 Scientific enquiry at key stages 1 and 2 and how science works at key stages 3 and 4. 

Creationism and intelligent design are not part of the science National Curriculum programmes of study and should not be taught as science. However, there is a real difference between teaching ‘x’ and teaching about ‘x’. Any questions about creationism and intelligent design which arise in science lessons, for example as a result of media coverage, could provide the opportunity to explain or explore why they are not considered to be scientific theories and, in the right context, why evolution is considered to be a scientific theory.
Addressing students’ questions about creationism or intelligent design 
Science teachers can respond positively and educationally to questions and comments about creationism or intelligent design by questioning, using prompts such as ‘What makes a theory scientific?’, and by promoting knowledge and understanding of the scientific consensus around the theories of evolution and the Big Bang. 
Choosing appropriate resources 
The DCSF does not specify teaching resources. There is a wide variety of resources available for use in schools and teachers are free to use their professional judgement to select appropriate materials for their science lessons. 

Any resource should be checked carefully before it is used in the classroom. If resources which mention creationism or intelligent design are used, it must be made clear that neither constitutes a scientific theory. 
FREQUENTLY ASKED QUESTIONS 
Is creationism a valid scientific theory? 
‘Creationism’, a term commonly used as a shorthand for ‘young-Earth creationism’, is the belief that the Earth and its many species did not gradually come into being over billions of years but were created suddenly and within the last 10,000 years. This proposed timescale can be investigated scientifically with the scientific evidence indicating a much older Earth (between 4,000 and 5,000 million years). The existence of a ‘creator’ is not scientifically testable. 
Is a belief in creation the same thing as ‘creationism’? 
Belief that God created everything that exists is shared by Christians, Jews, Muslims and many others all over the world. Many of the founders of modern science, as well as contemporary scientists, have held and do hold this belief, one ‘that science cannot address’ since it is religious/metaphysical. In view of this, in the interest of good science education, it is important that science teachers do not assert or imply that science contradicts traditional beliefs in creation and design. To the belief in creation, creationists have added the belief that the Earth is geologically young, although this is not supported by mainstream science. 
Is intelligent design a valid scientific theory? 
The intelligent design movement claims there are aspects of the natural world that are so intricate and fit for purpose that they cannot have evolved but must have been created by an „intelligent designer‟. Furthermore they assert that this claim is scientifically testable and should therefore be taught in science lessons. Intelligent design lies wholly outside of science. Sometimes examples are quoted that are said to require an ‘intelligent designer’. However, many of these have subsequently been shown to have a scientific explanation, for example, the immune system and blood clotting mechanisms. 

Attempts to establish an idea of the ‘specified complexity’ needed for intelligent design are surrounded by complex mathematics. Despite this, the idea seems to be essentially a modern version of the old idea of the “God-of-the-gaps”. Lack of a satisfactory scientific explanation of some phenomena (a ‘gap’ in scientific knowledge) is claimed to be evidence of an intelligent designer. 
Should time be given to creationism and intelligent design in science lessons? 
The theory of evolution lies at the heart of biology and should be taught at key stage 4 and in GCE advanced level biology. Creationism and intelligent design are not scientific theories and do not form part of the science National Curriculum or the GCSE and GCE A level subject criteria. There may be situations in which it is appropriate for science teachers to respond to student comments or enquiries about the claims of creationism or intelligent design. This would be to establish why they are not considered as scientific theories as described above in ‘What is appropriate to teach in science lessons’. One way to do this would be to consider the mechanisms by which new scientific knowledge becomes established and why creationism and intelligent design do not meet these requirements. 
If questions or issues about creationism and intelligent design arise during science lessons they can be used to illustrate a number of aspects of how science works. Such aspects include: ‘how interpretation of data, using creative thought, provides evidence to test ideas and develop theories’; ‘that there are some questions that science cannot currently answer, and some that science cannot address’; ‘how uncertainties in scientific knowledge and scientific ideas change over time and about the role of the scientific community in validating these changes’. 
Which subject should deal with creationism and intelligent design? 
Teachers of subjects such as RE, history or citizenship may deal with creationism and intelligent design in their lessons. If such issues were to arise there might be value in science colleagues working with these teachers in addressing them. 
Should I use resources about creationism and intelligent design that are sent to my school? 
Decisions about which resources to use rest with schools and teachers. Organisations promoting creationism and intelligent design quite often provide resources for schools; these may include paper-based activities, leaflets, DVDs, CDs, music, workshops, other activities and web resources. While these resources may be used, it must be remembered that they do not support the science National Curriculum and they present a particular minority viewpoint that is not underpinned by scientific principles and evidence. 
What about students who hold creationist beliefs or believe in the arguments of intelligent design? 
Some students do hold creationist beliefs or believe in the arguments of the intelligent design movement and/or have parents/carers who accept such views. If either is brought up in a science lesson it should be handled in a way that is respectful of students’ views, religious and otherwise, whilst clearly giving the message that the theory of evolution and the notion of an old Earth / universe are supported by a mass of evidence and fully accepted by the scientific community. 
GLOSSARY OF TERMS 
Creation: theologically, God’s purposeful act of bringing and holding the universe in being. This traditional belief in divine, designed action is shared by Jews, Christians, Muslims and others.
Creationism: a term commonly used as shorthand for its most common variant, ‘young-Earth creationism’. As well as a belief in creation, it includes the additional belief that creation occurred by specific, non-natural divine events in six „days‟ some 6000-10,000 years ago, rather than by God’s creative actions through the natural processes of stellar, chemical and biological evolution. 
Design: purposeful planning behind an object or action. 
God-of-the-gaps: the name given to the practice of substituting an explanation of agency [in this case God] into current gaps in our scientific understanding, where what is needed is an explanation of the mechanisms [i.e. a scientific explanation]. It is not part of science teaching - and cannot be philosophically justified - to 'plug God in' to gaps awaiting a scientific explanation. Although the two types of explanation are logically compatible, they are not interchangeable. 
Intelligent Design: the belief (held by members of a movement starting in the early 1990s) that certain biological features are too complex to be explained by the theory of evolution and therefore point to ‘intelligence’. 
Irreducible complexity: a structure is claimed to be irreducibly complex if it could not have originated by natural processes; this claim is made for any biological system consisting of many interacting parts in which the absence of any one part means that the whole system does not function. Two examples which have been frequently quoted are the mammalian eye and the bacterial flagellum. Plausible mechanisms by which both could have evolved have now been described. 

Howard J van Till, ‘Are bacterial flagella intelligently designed?’ Science and Christian Belief (2003) 15(2)

117-140. 
Dawkins, R. (1996) Climbing Mount Improbable, pp126ff, London: Viking. 

Origins: a word commonly used for the processes by which the universe, life and humankind originated. Such processes as stellar, chemical and biological evolution are the province of science, and need to be distinguished from the theological concept of an act of creation. 

Science: the systematic study of the origins, structure and behaviour of the physical/natural world through observation, theorising and experiment. 
Scientific theory: a consistent, comprehensive, coherent and extensively evidenced explanation of an aspect of the natural world which can, at least in principle, be tested by observations and/or experiments. Examples are the kinetic theory of gases, continental drift and plate tectonics, biological evolution and quantum theory.
Phylogenetic tree of human evolution
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