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Appendix 7:

The Nature of Science – a model 

A paper given to ITT students in order to guide their thinking about the image of science that should be taught in school.

The Nature of Science – a model

This document was a starting point for thinking about the image of science that we portray in secondary school. It was presented to trainee teachers for consideration, to inform their planning and teaching about ideas and evidence in science on teaching placement. 

 The (Draft) Cambridge Curriculum Model of the Nature of Science

(2003-4)

Science is about understanding (making sense of) the world (i.e. the universe in which we exist, not just the Earth).

We try to understand the world for 3 main reasons:

· curiosity (people like to make sense of the world) [there is an ‘explanatory imperative’, we get intellectual satisfaction, also we can feel unease when something doesn’t make sense to us; some people like to feel at one with nature, or may even see this as a spiritual quest/practice]

· prediction (to help us plan, to take advantage of opportunities, to avoid problems etc.)

· control (to help us live our lives healthily, comfortable etc.) [Note - according to some scholars this aspect may typically appeal more to boys, and less to girls, so perhaps be sensitive about examples used, e.g. avoid electric chairs and atom bombs]

We try to understand the world by developing theories that enable us to explain what happens, and what might happen in the future (under various conditions).

An explanation is an answer to a ‘why’ question. A scientific explanation uses scientific ideas (such as theories) to answer questions. 

A theory is a way of explaining the relationship between different things. [There is an issue here of theoretical entities, and how they come into being.]

Theories are developed by scientists making observations. There are many different types of scientific work, involving different sort of observations. Sometimes these are of natural phenomena (just watching, measuring what is there), and sometimes scientists set up the conditions for an observation – we call this an experiment.

When we observe a regular pattern in our observations, we sometimes call this a ‘law of nature’. 

Before scientists can carry out an experiment, they must already have an idea of what the relationship might be. An idea that has not yet been tested is called a hypothesis. [The hypothesis is tentative – should we call this a guess, an intelligent guess, an informed guess?] Scientists use imagination to form hypotheses [– this is a creative process.] To test a hypothesis a scientist must design an experiment and predict the outcomes if the hypothesis is correct. There are always lots of possible hypotheses that could explain any observation, so an experiment can never prove a hypothesis is the correct one. 

Experiments are subject to errors, because our measurements are not exact, sometimes equipment is not working perfectly, and sometimes we do not fully understand how our equipment will work. (Scientists also make mistakes sometimes when doing experiments!)

Nature is wonderful (literally) and so very complicated. Scientists often try to simplify what they are studying by making models. Models are things [ugh!] that represent part of what we are interested in. Models may be physical (scale models), mathematical (equations), graphical (drawings, graphs, schematics, flow-charts…), or even an analogy (saying how something is like something else). A model is simpler that the real thing [should we use the word phenomena?], but reflects some part of it. The scientist knows the model is not the real thing [phenomenon], but because it is simpler it can help her think about the real thing [phenomenon]. Because the model is simpler than, and different to, the real thing we have to remember that what we learn from the model may not always tell us about the real thing. However, sometimes models can lead to hypotheses that we can test in experiments with the real thing [phenomenon].

It is a matter of judgement when an idea can be called a theory. A theory needs to be able to explain observational evidence, using accepted scientific ideas [concepts?]. Usually a theory explains the results of many observations and/or experiments. Usually we are not happy [satisfied] when experimental results don’t fit the predictions of theories, and we look for better theories (different, or just developed). 

When there are several theories that explain the same observations, scientists usually try to design experiments to help find which seems to explain the phenomena best. Scientific theories are expected to be consistent (not to contradict themselves), and to be as simple as possible. [A theory that is inconsistent is known to need some development; the requirement for simplification less rigorous – who is to say how simple or complex the world actually is! Occam’s razor is an epistemological preference, but nature may actually be quite hairy!] No matter how much evidence supports a theory, scientists always accept that other experiments/observations may later show the theory needs to be developed or replaced. For a theory to be useful it must be specific enough to provide useful predictions – predictions that could then be tested. [This is a major demarcation criterion for science cf. non-science.]

Scientists use logic to relate ideas – to make predictions, to design experiments, to interpret observations. A good scientific explanation will be logical, and will use ideas (concepts and theories) that are well accepted in science.

What is science – the business of understanding the world/nature by making observations, forming hypothesis, designing and doing experiments, building models and developing theories. 

Science is a social process. Some scientists work alone, but most work in research groups  or teams, and often different groups share ideas and data to help each other (often in several countries). Even scientists who work alone use the ideas of other scientists in their work, and communicate their ideas to other scientists. Scientists can only build theories using the evidence available to them, and rely upon the science that they have learnt (the concepts and theories that they have been taught about and understand). Sometimes well accepted, but flawed ideas, can prevent scientific progress. No scientists can know the whole of science (which is massive), and even great scientists had have areas of ignorance (and made/make mistakes). Sometimes scientists become strongly attached to certain ideas, and find it hard to be fair in deciding whether the evidence supports their favourite theories. Sometimes scientists let friendship, rivalry, ego (big-headedness?) and even prejudice (e.g. against women) influences their judgement: they are human like the rest of us. Luckily, other scientists will check their work and ideas. 

Scientific theories develop over time as more scientists develop new models and experiments. Scientific ideas are taken seriously once they are written-up and published in special publications (magazines?) called research journals. When lots of scientists publish work supporting particular theories, and other scientists are unable to develop experiments that contradict the theories, the theories may become so well accepted that they are almost treated as facts or truth. However, there are many (e.g. phlogiston) examples of widely accepted theories that were later found to be inadequate when new evidence was found. Overall, though, science seems to be developing more effective theories and models of the world, and these have been used to produce many technological advancements (antibiotics, central heating, dyes for clothing, CD players…)
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