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see if you were right, which is the essence 
of doing an experiment. 

• If your prediction was wrong, then your 
explanation was wrong, but sadly it does 
not necessarily follow that if your 
prediction was right your explanation was 
right. Sometimes the right prediction 
emerges for the wrong reasons! 

The evolution ofknowledge 

• Evolution works by the interplay of two 
processes, a creative process and a 
restraining process. Random variation 
produces new genes for new kinds of 
creatures; while natural selection picks off 
the ones that do not work too well. The net 
result is what looks like steady progress 
towards more and more sophisticated 
organisms. Science moves forward in a very 
similar way. Innovative (and sometimes 
crazy) ideas give us new ways of looking at 
the world, and strict selection procedures, 
such as experimental testing, pick off the 
ones that are least viable. 

• The driving force of the whole business is 
the invention of new (and hopefully better) 
theories. It is a grave misunderstanding to 
see theoretical work as a mere speculation, 
a stopgap to make do with until 'the real 
facts' emerge. 

• If no theories exist to explain a given 
phenomenon, the only thing to do is to think 
of some. If one (and only one) theory can be 
found, there is nothing that needs to be 
done, because (for the time being) you 
(seem to) have the answer. If more than one 
theory seems to fit, then (and ONI..y then) 
is an experiment necessary, to select 
between the altematives. 

• So, at its simplest, the procedure is this: 
(1) think of a question; (2) think up the 
answer (or rather think up the full range of 
possible answers, as best you can); (3) work 
out what would look different about the 
world in each case; and (4) take a look to 
see which prediction turns out to be right 

Variations on the theme 

• Some researchers like to work 'top down', 
that is from an overview of the whole 
problem towards increasingly detailed and 
precise restatements. Others work 'bottom 
up', by taking certain details and working on 
them very thoroughly, before moving on to 
others, so that the big picture can later be 

built up from a knowledge of its constituent 
parts. 

• Some research is largely empirical, 
depending on observations and 
measurements to detennine what is the 
case; other projects are more conceptual 
(theoretical, analytic or 'rational'), and work 
by clarifying terms, exposing misleading 
assumptions, constructing logical arguments 
and proofs, or writing mathematical models 
or computer simulations. 

• Some people view experiments as 
procedures for identifying the theories 
which are right; others argue that at best 
experiments can only find out conclusively 
that a theory is wrong. Other points of view 
are that experiments accumulate evidence 
by which theories gradually gain or lose 
credibility; or that they pick out the best of 
a set of competing theories; or that they 
communicate the meaning of a theory as a 
sequence of concrete operations; or that 
they map out the range of appropriate 
applications for ideas which are already 
judged to be intrinsically sound. 

• Some research is necessarily quantitative, 
dealing in numerical measurements, 
statistics, and the like; other studies are 
qualitative and deal in ordinary language 
descriptions, case studies, maps, 
photographs, archive materials, and so on. 

• A theoretical statement, about atoms for 
example, can be taken as describing some 
real but unseen entities, or as a convenient 
metaphor which leads us to the right 
conclusions, without being literally true. It 
may be that we could never tell the 
difference, even in principle. Either the 
world IS made of atoms, or it just behaves 
AS IF it were made of atoms in all the 
experiments we do. How could we 
POSSffiLY know which is the case? 

• Experiments may be done to test a specific 
prediction; or to see if a certain technique 
works; or sometimes just to see what 
happens if... 

Technique 

• Research technique is mainly concerned 
with the procedures for observing, 
measuring, experimenting or simulating, by 
which we look for the predicted 
manifestations of unseen processes, and 
hence evaluate our beliefs about them. 
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measures can arise (other things being 
equal) from influences of the first measure 
on the second; the second measure on the 
first; or something quite different affecting 
them both! 

• Research procedures must be ethical, and 
take all appropriate steps to avoid 
deception, upset, harm, self-doubt, and so 
on, in the people who take part. 

• Last, and by no means least, when you 
work routinely in research you easily can 
be, and usually will be, behind schedule and 
over budget! 

Where do you go from here? 

• Plan a sensible cycle of work and stick to 
it. The main stages of doing a study are (a) 
reading the literature to keep up with new 
findings and methods; (b) thinking about, 
discussing and observing what you are 
studying, to develop your own ideas; (c) 
carrying out empirical studies in which you 
use observation, measurement and 
experiment appropriately to evaluate your 
hunches; and (d) writing up and publishing 
your rmdings. This last step can be very 
tedious, but it is essential. Without it all the 
rest will have been in vain. 

• Further reading is difficult to recommend. 
There are many excellent but very technical 
books dealing with experimental design, 
statistics and computer programming. 
However, the basic ideas and 'rules of the 
game' which I have been describing here, 
are not always taught or given in 
introductory texts. They are absorbed from 
PhD supervisors and others during a 
researcher's 'apprenticeship', and debated in 
much more detail by specialists in research 
methodology and philosophy of science. 
The following books include some which 
do deal in a general way with these kinds of 
concepts, as well as other aspects of 
methodology. 
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