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1a: 
How do scientists make sense


of the world?



Lesson Plan 1: Is science a sacred cow?

Aim of the lesson

· To understand that our images of scientists are greatly influenced by their portrayal in the media.

· To learn facts about, and demonstrate knowledge of, how scientists work.

· To reflect on some positive and negative aspects of science.
· To make connections between science and religion.
Assessment

Correct sequencing of the given statements on Student Resource Sheet 2 will indicate an awareness that scientists have established scientific procedures which guide them in their work (Learning Outcome: Demonstrate knowledge of how scientists work)

Contributions to discussion in Activity 2 will reveal the extent to which Learning Outcome: Make links between science and religion has been achieved. 

Duration: 1 hour

· Introduction: 15 minutes

· Main activities: 35 minutes

· Plenary: 10 minutes

Year Group - 11-16 year olds

Previous knowledge needed by students

It would be useful to have to have a prior knowledge of the meaning of the terms ‘materialism’ and ‘ethics’ or ‘ethics committees’.  A prior understanding of how similes and metaphors are used linguistically would also be very useful.

Background Reading

For the teacher:

· information on the ideas of Karl Popper (on falsification) and Thomas Kuhn (on scientific paradigms).

· Ivan Tolstoy ‘The Knowledge and the Power – Reflections on the History of Science’ (Canongate 1990).

· Mary Midgley ‘Science as Salvation: a Modern Myth and its Meaning’ (Routledge 1992). See especially the section ‘Salvation and the Academics’.

For the student: 

·  ‘Wildlife in danger’ from the ecology section of the Dorling Kindersley Science Encyclopaedia.
Notes for teachers

In this lesson, students reflect on the images of scientists and of science itself presented by the media, and wonder how accurate these portrayals may or may not be.

In films, scientists generally work alone and are either mad or bad. In documentaries, however, science is promoted as a ‘sacred cow’ (meaning that which is beyond criticism and may not be questioned – from the Hindu reverence for the cow) and scientists are exalted beings. The mantra of the popular science documentary is ‘It has been scientifically proven that…’, discouraging any form of questioning in the mind of the recipient. Scientists themselves, when making an appearance on such documentaries, appear to talk with ultimate conviction of their claim to truth. In this lesson, it is intended to make students aware of these messages and of the exaggerated pictures they paint.

Students will learn that scientists from all scientific disciplines follow similar basic procedures, few of which are exciting enough to attract media attention.

Students are encouraged to reflect on the idea that science is capable (one day) of explaining everything there is to know, a view known as scientism. See ‘What is an Explanation?’ and ‘Scientism and Materialism’ for more on this.

We conclude with sobering thoughts about the directions in which science is heading, and also think about where perhaps it should be heading. 

‘Most of us have begun to see that the party is over. The planet is in deep trouble; we had better concentrate on bailing it out….The discrepancy between image and fact is growing too wide to be tolerated. For the general sanity, we need all the help we can get from our scientists in reaching a more realistic attitude to the physical world we live in.’ Mary Midgley at the end of ‘Science as Salvation’.

Introduction / Starter activity

Students to be given Students Resource Sheet 1: ‘What are scientists like?’ Part 1

Students are to give quick responses to the questions about how they view scientists, either orally or written on sheet for discussion. OR - They could sketch a scientist and then look at common features as a class.  Go on to brainstorm what a scientist does, and then return to this list at the end of the lesson to see if these ideas have changed at all.

It is expected that many students’ prime source of information – or misinformation – about what scientists are like and how they work, comes from the media.

You may like to do a “brainstorm” and look at the picture of a scientist that your students already have.

Students may mention some of the following films, which all portray scientists:

· Back to the Future 

· The Time Machine 

· Frankenstein 

· Jurassic Park 

· Terminator 

· The Incredible Hulk 

· Dr Jekyll and Mr Hyde 

· Young Einstein 

· Twister 

· Dr. No 

· In The World Is Not Enough, the part of a glamorous young female scientist is played by Denise Richards

Teachers may like to show clips from such films, or display pictures from magazines that depict scientists. T.V. adverts of scientists are also entertaining sources for discussion.

Then introduce students to some more realistic ideas of scientists by giving them

Student Resource Sheet 1: What are scientists like? 
Ask students:

· How much do you think the way we view scientists is affected by what we see on television and in film?

· Do you think the media is confused about how and why modern science works? (Sometimes we get the message that science is harmful or anti-social.)

· Are media views of scientists way behind the times? (Before the 1870’s scientists really did work in solitude, in their own rooms. They were often wealthy and paid for things out of their own pocket – more of this in lesson 2)

Extension for G + T:

Kepler was a brilliant sixteenth century German scientist. What did Kepler mean when he said that his purpose was, ‘….to draw the obscure facts of nature into the bright light of knowledge’? 

Main Activities

Activity 1

Inform students that 4 different teams of scientists are researching the following four areas of science:

· The effects of a new drug.

· The structure of an atom.

· The weather systems of Australia.

· The breeding habits of sea-horses.

They will all use similar basic established scientific procedures to conduct their research.

Students are to read Student Resource Sheet 2: How do scientists work? and, individually or in pairs, re-arrange the statements in chronological order, by marking 1 – 10 next to the statements. The teacher may wish to discuss each statement first. Lower ability students may like to cut up the statements into strips and re-organise them in flow-chart form, or the teacher may wish to work with them.

Confirm students’ answers, which should be (following the order of statements on sheet):

4 – 8 - 3 - 1 - 6 - 9 - 7 - 10 - 5 - 2

Activity 2

For the second activity, divide class into discussion groups. Give each group a slip of paper bearing one of the three statements from Teacher Resource Sheet 2.  

Students decide as a group whether they agree or disagree, or are unsure about the statement they have been given. A spokesperson then reads out the statement to the class, and gives reasons for agreeing, disagreeing, or being unsure. 

This can then lead into teacher–led debate, as follows:

Statement 1. This is a commonly held view today.

Some people put their ‘faith’ in science and see the world only in materialist terms – matter in motion subject to scientific laws (see ‘Materialism’ unit).

It is expressing a belief in the power of the method of science to answer every conceivable question. This belief is often referred to as ‘scientism’.

Statement 2. Science is portrayed in this way in the media.


However, scientists know that what we think of as a fact today, may be discarded, or at least modified tomorrow, in the light of new evidence.

Sometimes scientists can find it difficult to get new ideas accepted by the scientific community and/or the general public, especially if the new ideas upset cherished beliefs about the world.

Think of Galileo and Darwin.

There is often no clear way of separating out what we call facts from the theories in which they are embedded. Science is about making sense of the world and its best theories are the ones which seem to make most systematic sense of what we tend to call the facts about the world.

Statement 3. Accepting a theory into the web of currently accepted scientific beliefs is different from proving it to be true.

If accepted, it stays there until it is later improved or ‘falsified’ by another theory which fits the data more accurately and relates to other explanations better.  In a scientific ‘revolution’, many explanations are overturned all at once, usually causing shock and alarm as people have to re-think their world view. (Darwin caused such shock-waves when he produced his theory of evolution – both science and religion had to make huge adjustments over time.)

Some philosophers say that scientific theories and explanations are useful for predicting what is going to happen, but that is all. At the best, they say, science helps us to understand how nature works, so that we can organise our lives better. Most scientists, however, regard what they are doing as finding better and better models of the way the world actually is. They are realists in their approach to nature.

Religion does not have to be in competition with science. It can work with science.

In simple terms, science asks how or what type questions about the world, such as How did the universe begin? or How can we cure this illness? or What is the boiling point of mercury?

Religion asks why type questions concerning meaning and purpose; questions that science is not able to answer in these terms, such as why does the universe exist? or why is there suffering?

Why type questions do not have to have religious answers, but as science deals with explanations of the physical world, all answers to why questions are deemed metaphysical.  If scientists do attempt to answer these questions then they are making metaphysical, not scientific statements, and are stepping beyond what we have defined as the remit of science.

The questions asked by science and religion are different types of questions, and are looking for different kinds of answers. People have a need to ask both sorts of questions, and constantly to add to their knowledge and understanding. It is part of the human condition.

The answers that science can offer are those relating to natural laws and the concepts of matter, energy, space and time. Science per se, does not utilise concepts such as God or personal agency and intention. As science, it can neither confirm nor deny these as possible ultimate causes of events in the world and of the world itself.

Note for teachers

Some philosophers do not like the idea of science and religion being divided into responses to how/what versus why questions as this can appear to be saying that science deals with facts and religion with values, which may then become translated as science dealing with objective truth and religion with subjective interpretations of reality. However for KS3 students, it effectively argues the point that science limits itself to explanations of the physical world, whereas religion and philosophy, while also concerned with the nature of the world, may extend their ideas into metaphysics.

Plenary

Scientists usually like to think that they are working for the benefit and advancement of human society. Countless lives worldwide have been saved by, for instance, the development of the smallpox and polio vaccines, and by penicillin. Members of western society may holiday in any part of the world, through the development of aeroplane flights made possible in the first place by pioneers utilising scientific understanding.

But sometimes things go wrong. The results of their work can be used destructively.

Discoveries about the atom eventually led to the development and use of the nuclear bomb.

Technologies which make western human society so comfortable (telephones, mobile phones, televisions, motor cars, fridges etc) cause world-wide pollution and may be responsible for depleting the ozone layer, causing global warming and ultimately threatening our own existence.

Science is a double-edged sword.  Scientists must always be aware of possible consequences of their work. They need to step out of the realm of science itself, and enter the world of ethics, of what is right and wrong. There is no artificial division of science from the rest of life, for science, and what we do with it, affects everything.

We may be on the edge of a mass extinction of both plant and animal life, much of this caused by continuous habitat erosion and destruction. Scientists must see their role not as taking from the planet, aiding the seizing of its resources of wood, coal, oil and minerals like looters in an unguarded city, but helping the planet’s fragile ecosystems to survive for the long-term good of all.

Discuss the following with students:

· What are some positive results of science?

· What are some negative results of science?

· Should scientists simply keep to ‘doing science’ or should they take responsibility for the foreseeable outcomes of their own discoveries?

· Should ethics committees have more power to influence governments and corporations? Should they consider the outcomes of scientific research on the planet and its ecosystems, or just its immediate effects on human society?

Ask students if they did a sketch of a scientist at the start of the lesson whether their views have changed at all about who and what a scientist is.
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