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1a: 
How do scientists make sense


of the world?



Unit Overview

Background information / abstract

This unit seeks to give students (and teachers who are not science teachers themselves) an understanding of how science works, and how science makes sense of the world.  At this time when science is held in the highest esteem by western societies, and scientific progress is seen as an end in itself, students are encouraged to consider whether this is ‘right’ and ‘reasonable’.  Students will examine differing points of view and be helped to form reasoned personal opinions. In this series of lessons, students are introduced to topical issues in the science and religion debate – issues which may be explored in greater depth in other related topics. 

These issues include:

· What scientists do and why. 

· The intelligibility and rationality of the natural world which makes science possible. 

· The language of science - analogies and models. 

· Changing ideas in the history of science - the religious background to scientific endeavour and the struggle for the physical sciences to be recognised as worthy of academic study at universities. 

Background information

Science in our time

Science in our time is outstandingly successful, and the applications of scientific knowledge into technology add to the esteem in which it is held. These applications in turn often supply scientific research with new data and investigative tools.  Science gives us, often via technology, control over our environment, giving us more comfortable lives.  We hope it may protect us from future disasters, such as meteorite strikes; some even hope to apply science to reach out into space and colonise other planets (see terraforming unit).  At a deeper level, science offers us an ever increasing knowledge and understanding of the material world.  As it reveals more to us, so there seems more to know.  A popular current belief in western cultures is that science can ultimately provide the answer for everything. This is known as scientism (see Scientism and Materialism unit).

Others maintain that science has its limitations.  It is the study of the physical world.  Certain types of questions and descriptions lie outside the scientific realm.  Science in itself cannot tell us whether actions are right or wrong, but only what their consequences might be. These ideas are explored in this unit.

History of science

Science as we know it in the western world began in the 16th and 17th centuries and developed rapidly. Before this, people formed ideas about how the world should be, and then made assumptions based on these ideas.  There was a great respect for ancient authorities, such as the Greek thinkers Plato and Aristotle (see Ancient Greece unit). [See also the science timeline on the CD-ROM]
Francis Bacon in the seventeenth century said that in order to learn about the natural world, we need to study nature, rather than read the writings of the ancients.

Bacon’s challenge to pre-conceived ideas gradually became accepted, and became the basis for scientific method as we know it. In his time, what we call science was then called natural philosophy, and most natural philosophers considered their study of the workings of the natural world to be the search for order in a universe regulated by an Intelligent Creator.

Many of the pioneers of science, such as Galileo, Descartes, Newton, Boyle, Ray, and Kepler (See Unit 3 for more detail), developed their conceptions of science within their wider theological and metaphysical beliefs.  Some among them even envisaged scientific enquiry as a form of worship.  They certainly understood what they were doing as consistent with Christianity and thought it was their duty to study Creation.

The Industrial Revolution, at its height in the 19th century, brought changes in every area of human life in the newly industrialising western world. The partnership of religion and science began to weaken, as new, professional scientists saw science as offering more important, more relevant kinds of knowledge.  Indeed, a group of Victorian scientists formed the ‘X-Club’, declaring themselves devoted to science alone, ‘untrammelled by religious dogmas’.  This contributed to the various forms of the conflict thesis prevalent in western society today, where science and religion are often seen to be in conflict. In fact these Victorians were introducing an early form of scientism, in which scientific method was seen as the only certain path to knowledge and truth.

How scientists work.

Scientists do not simply collect facts and then make up theories to fit them.

They will already have a hypothesis or ‘initial guess’ in mind, and they will test this against the natural world.  If their theory is validated, it may become part of a generalisation in the form of a ‘natural law’.

Scientists work within a web of existing ideas, which have been accepted by the scientific community.  The philosopher and historian of science Thomas Kuhn called this web of accepted ideas a ‘paradigm’.  It is difficult for any community to accept scientific results which challenge the current framework of ideas.

There are certain basic beliefs about the world which all scientists must accept to make what they are doing in any way meaningful.

These underpinning beliefs include: 

Order and uniformity - there are patterns in the natural world from which order and uniformity in the form of scientific laws may be deduced.

Intelligibility - the world is open to being understood.

Rationality - the way our brain works is basically reliable and meaningful and our thought processes are rational.

Science and religion both look for, and accept, consistency and coherence in the universe, and generally accept that objective physical truths exist. 

Religious belief may point further to a rational creator God who has made a rational ordered world, capable of being understood by us.

‘The works of the Lord are great, sought out of all them that have pleasure therein.’

This text, from Psalm 111, is to be found above the entrance to the new Cavendish Laboratory in Cambridge.  It was originally placed above the door of the old Cavendish Laboratory by James Clerk Maxwell, an outstanding nineteenth century physicist.

The language of science and religion

It is often wrongly supposed that scientists are plain speakers and that the language of science is factual.  However, both science and religion have to make comparisons with familiar things when they want to talk about phenomena which are not perceived by the senses. Both may use analogies and models to do so.

Scientific language, for instance, says that ‘an electric current flows through the bulb’, comparing electricity with water. We could re-phrase the analogy as a simile and say, ‘an electric current is like water flowing downriver’ in order to understand the concept better.

When analogies – such as that of electricity and a flowing current – are developed and extended, we call them ‘models’.  But it is important to be careful!  Models can be confused with the reality they are approximately describing – and not everyone realises that they are models and not reality itself. Sometimes, too, people hang on to models when they could be looking more deeply at what lies behind them.  (see Topic 2e How is language is used in science and religion?)

Aims of the topic

At the end of the topic, we hope that most students will:

· Reflect on media images of scientists, and adapt their own ideas of what scientists are like;

· Develop their understanding of how scientists work;

· Become aware of changing ideas in the growth of science;

· Know a historical reason for the ‘conflict thesis’ between science and religion;

· Know that scientists hold underpinning basic beliefs which make science possible;

· Realise that analogies and models are used within scientific language, and begin to understand why.

· Extract relevant information from texts, develop interpretative skills and offer informed opinions.

Some will not have progressed so far and will:

· Reflect on their own initial ideas of what scientists are like;

· Correctly sort statements about how scientists work;

· Know some facts about three scientists of the 17th and 19th centuries;

· Understand that some people perceive, and have perceived, science and religion to be in conflict;

· Begin to realise that scientists hold underpinning basic beliefs about the world;

· Know that science and religion both use analogies and models;

· Begin to form reasoned opinions based on what they have understood.

Others will have progressed further and will:

· Be aware that many of our preconceptions about science and scientists derive from largely inaccurate media images;

· Understand the common procedures which scientists follow;

· Identify some key issues in the growth of science;

· Understand the part T.H. Huxley played in the development of the ‘conflict thesis’ of science and religion;

· Know the main underpinning beliefs of science and religion;

· Identify analogies and models in scientific and religious language, and understand that they have limitations;

· Develop interpretative skills and offer informed and reasoned points of view.

Key Questions

· Media portrayals of scientists. How accurate are they? How much do they influence us?
· How do scientists work? Basic procedures.
· What is science, and what is it not? The limitations of science; the kinds of questions which are answered by science, and those which are not.
· Changing ideas in science.  Why was Psalm 111 placed above the Cavendish Laboratories in Cambridge?  What was the X-Club?  
· Basic beliefs of science.  What are the underpinning beliefs of science, and how do they compare with the basic beliefs of religion?
· Analogies and models in science. How and why are they used?  What are the dangers?
Learning Objectives

· To analyse media portrayals of scientists;

· To sequence statements about how scientists work;

· To offer in discussion some positive and negative effects of the scientific endeavour;

· To contribute to discussion about the kinds of questions to which science can seek answers;

· To extract and interpret information from written sources;

· To provide a written response showing understanding of the common basic beliefs of science and religion;

· To identify analogies and models. To use Venn diagrams to illustrate positive and negative features of analogies.

Learning Outcomes

· To form opinions about the ways scientists are represented in the media.
· To demonstrate some knowledge of how scientists work.
· To identify some key issues in the changing relationship between science and religion from the 17th to the end of the 19th century.
· To reflect on positive and negative aspects of the scientific endeavour.
· To make connections between the basic beliefs which underpin science and religion.
· To understand that both science and religion use analogies and models to aid the explanation of that which is difficult to understand, or which cannot be observed.
Resources

· ‘A Guide to Science and Belief’ by Michael Poole (Lion Publishing 1997) The ideas in this book have been very helpful in producing the above key information.

· ‘Science as Salvation’ by Mary Midgley (Routledge 1992)

· ‘When Science meets Religion’ by Ian Barbour (SPCK)

· Web www.starcourse.org/jcp/religion.html for the text of Dr. John Polkinghorne’s lecture, ‘Religion in an Age of Science’.
Curriculum Links
 

Literacy: simile, metaphor and analogy.

KS2 Science QCA Unit 6A: Interdependence and adaptation.

KS3 RE QCA Unit 7A: Where do we look for God?

KS4 RE QCA 9B: Where did the universe come from?
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