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gradually to analyse all things, to put together things which at first sight 
look different, with the hope that we may be able to reduce the number 
of different things and thereby understand them better. 

A few hundred years ago, a method was devised to find partial 
answers to such questions. Observation, reason, and experiment make up 
what we call the scientific method. 

What do we mean by 'understanding' something? We can imagine 
that this complicated array of moving things which constitutes 'the 
world' is something like a great chess game being played by the gods, and 
we are observers of the game. We do not know what the rules of the game 
are; all we are allowed to do is to watch the playing. Of course, if we 
watch long enough, we may eventually catch on to a few of the rules. 
Knowing the rules of the game is what we mean by 'understanding'. 
Even if we knew every rule, however, we might not be able to understand 
why a particular move is made in the game, merely because it is too 
complicated and our minds are limited. If you play chess you must know 
that it is easy to learn all the rules, and yet it is often very hard to select 
the best move or to understand why a player moves as he does. So it is in 
nature, only much more so; but we may be able at least to find all the 
rules. Actually, we do not have all the rules now. (Every once in a while 
something like castling is going on that we still do not understand.) Aside 
from not knowing all of the rules, what we really can explain in terms of 
those rules is very limited, because almost all situations are so 
enormously complicated that we cannot follow the play of the game using 
the rules, much less tell what is going to happen next. We must, 
therefore, limit ourselves to the more basic question of the rules of the 
game. If we know the rules, we consider that we 'understand' the world. 

You find here, in a nutshell, what many scientists believe science 
to be . You may be surprised to hear them wax lyrical about 
cu riosity, awe, beauty, rigour, honesty and humility - but 
contrary to some stereotypes science can inspire lofty emotion! 
This isn 't that surprisi ng- it is, after all, a human endeavour. 

Occasionally, you hear science spoken of in an arrogant 
fashion, with disdain for 'non -scien tific' th oughts or processes, 
but this usually says more about the speaker than about science. 
Feynman again: 

We must, incidentally, make it clear from the beginning that if a thing is 
not a science, it is not necessarily bad. For example, love is not a science. 
So, if something is said not to be a science, it does not mean that there is 
something wrong with it; it just means that it is not a science. 

A Explain the game analogy that Feynman uses to explain the aims 
of science. 

B Do you think the analogy is a good one? Explain your answer. 
C How does this fit in with your science lessons at school? 

Let us look now, in some more detail, at what makes scien ce so 
special. As Feyn man says, observation, reason and 
experiment make up what we call the scientific method. It is 
also very important that the observa tions, reasoning and 
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experiments can be repeated and checked independently by other 
observers. If you and your friends are the only ones to have seen 
or understood something, then it doesn't cou nt as science. 

Your sighting of a UFO last year is not likely to be accepted by 
scientists. If the UFO had really been there, radar equipment 
would have picked it up, and it would have been reported. Your 
report has not received independen t experimental confirma tion 
where there should have been, so your claim is n ot scientific. 
That is not to say that it is definitely false, just that it is highly 
likely to be false. (Of course, it may be that UFOs have the ability 
to hide from radar; we cann ot rule th is out- when we have so
called Stealth technology it hardly seems impossible to believe 
that visiting extra- terrestrials also h ave it. However, the point 
stands- we must look to the evidence an d evaluate it. Most 
scientists believe that the evidence is uncon vincing, and that the 
best explanations do not involve aliens.) 

We will say a little bit more about experimental confirmation 
later on, but h ere we return to Feynman to talk about one other 
key element of science, namely imagination. 

But what is the source of knowledge? Where do the laws that are to be 
tested come from? Experiment itself helps to produce these laws, in the 
sense that it gives us hints. But also needed is imagination to create from 
these hints the great generalisations - to guess at the wonderful, simple, 
but very strange patterns beneath them all, and then to experiment to 
check again whether we have made the right guess. 

We can exa mine th ese ideas with reference to the following two 
simple claims: 

I The Earth is fl at. 
2 The Earth is round. 

Were these scien tific claims at the time they were made? Let u s 
. firs t tu rn to claim I. 

At the time, it was certainly observed that the Earth was flat. 
We are not talking about there being a few mountains here and 
there, but th e fact that on the whole, the Earth seemed flat. 
People certainly did their reasoning: things on a slope have a 
tendency to slide down the slope, so if the Earth weren 't flat, 
people would start sliding a t som e stage. But this is not what 
h appens. So at this stage, thinking that the Ea rth was flat was a 
reasonable scientific belief. Here we have the first indication that 
science and truth are not necessarily intimately related. 

But what about testing cla im l ? People did that, too . They 
travelled over land and over sea. Some went to look for the edge 
of the planet, since there sh ould be one assuming the Earth has 
finite size. The fact that they did not find an edge helped a great 
deal in the eventual rejection of claim I. 

Now let's look at claim 2. Here one clearly needed som e 
imagination . At the time, there was no direct observation 
available. But there were h ints: perhaps the moon is not a djsc 
pa inted on the sky but a solid sphere a long way off; perhaps our 
Earth is similar to it. Also, no edge to the Earth was ever fo und, 
and on the contrary, there were strange reports of sightings of 17 
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similar land found by sailing east and sailing west . So someone 
used som e imagination and made a bold move: suppose that the 
Ea rth is round. 

Now w hat? We n eed to test this claim experimentally. How do 
we do that without aeroplanes and satellites? We reason and 
think of possible consequences, and then test those 
consequences. One immediate consequen ce of a round Earth is 
that there sh ould be a horizon. If boats disappear over the 
horizon, their mast should disappear last. Also, we should be able 
to see further the higher up we go. 

Th ese consequences were known to be correct experimentally. 
After all, boats always had som ebody high up in th e m ast, so that 
they could look fu rther. Th ese consequences coul d n ot be 
explained in a straightforward manner with claim l. The first 
seed of doubt was sown. The distance to the h orizon is easy to 
m easure experimentally: all it takes is you, a friend and a small 
boat. It turns out to be about 5 km if your eyes are 2 m ab ove 
sea level. Now we can use some m ath ematics and lo and beh old, 
we find the size of the Earth! Th e radius should be about 
6,000 km . 

So by simply applying reason , we see that claim 2 implies 
precise limitations on the size of our planet! If it is round, then its 
radius had better be 6,000 km, or, equivalently, its circumferen ce 
should be about 40,000 km. Could this claim be tested 
experimen tally? Well, it could certainly have proved false. That is, 
it could have been falsified. If people h ad been able to sail 
50,000 km west without returning to the start, claim 2 would have 
been in trouble. But the fact of the matter was th at the 40,000 km 
circum ference tallied quite well with the earlier suspicions of 
having reached the sam e land from two different direction s. Of 
course, it could be that the Earth isn 't a sph ere but an egg shape, 
and that the voyages which seemed to confirm a circum ference of 
40,000 km were only good for one particular djrection. On the 
basis of theory and evidence so far discussed, we can't be sure. 

This is the essence of scientific truth : it can n ever be proved 
experimentally that a claim is correct, but it can be proved that 
it's wron g (in which case it is said that th e theory has been 
falsified). This might seem a little stran ge because it is easy to 
assume that scientifi c laws have been proven but, in fact, they 
have not. No m atter how good our th eories are, there is always 
the possibility that th ey will be sh own to be incomplete, or even 
downrigh t wrong. Even if a th eory has been tested a million 
times, there may be an exception lurking aroun d th e corner. This 
is why we say that scien ce has an inductive component (see 
Ch apter 5 for more on indu ction). We must assume that our 
laws will continue into the future, even th ough we cannot justify 
this assumption, except by noting that we have little alternative! 

It does not follow that we reckon all our theories are w rong -
far from it. Scien tists have tried very hard to disprove th em, in 
some cases for hundreds of years, and they have failed. The 
longer a theory has resisted falsification, the m ore confident we 
feel abou t it . That is w hat Ein stein m eant when h e said: 'Truth is 

what stands the test of time.' 

-

Now we know, for example, that: 

3 The Earth is not exactly round, but it is actually a bit wider at 
the equator. 

Does that mean that claim 2 was wrong, just like claim I? This 
is an interesting point. It leads to the question , 'How mu ch of 
today's science is wrong? If it is wrong, why does it work so 
well?' Perhaps right and wrong are n ot good ways of describing 
science; perhaps truth is not what science gives us at all. 

What is clear is that a scientific claim is a claim that sh ould 
lend itself to experiment. We should be able to devise an 
experiment that could falsify th e claim. It is precisely here that 
we can differentiate between a scientific claim and a n on
scientific one. 

A Decide whether or not these are scientific claims: 

1 The Earth is flat. 
2 The Earth is not exactly round, but it is actually a bit wider at 

the equator. 
3 UFOs regularly visit Earth to abduct humans for 

experimentation. 
4 God created the world in seven days approximately 5,000 

years ago. 
5 God created the Universe. 
6 God did not create the Universe. 
7 In some remote areas of China, there are people who can 

jump higher than 10 m. 
8 In some remote areas of China, there are people who can 

jump higher than 10 m, but their society is so secretive that 
they will never permit outside observers to witness it. 

9 Love is more important to human beings than anything else. 
10 If you ask people in a multiple-choice question what they find 

most important, and you include love as a possible answer, 
then more than 75 per cent will put love at the top of their list. 

11 Saying 'I love you' to your partner. 
12 Picasso's painting Cannes, 4a.m. is a beautiful piece of art. 

Discuss these with others to see if you can agree. 

Rem ember that to say that a claim is not scientifi c does not mean 
that it is not importan t. Some of the claims above provide 
evidence of that- clearly arts, religion and em otion are some of 
the most importan t ways of giving m eaning to people's lives. The 
point is that a claim can only be called scien tific if it lends itself 
to scrutiny and rigorous testing. This is a very difficult 
requirement, but it is precisely the strict adheren ce to this 
principle that accounts for th e enormous and rapid progress 
made by science. 

A If science never proves anything right, why do we t rust it so 
much? 

B Think about the science you learn at school. How likely do you 
think it is that it is wrong or incomplete? What about the science 
you read about in magazines such as Nature, New Scientist or 
Scientific American? 19 
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