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middle world. But it is the middle world 

The II• mi· ts of reduct•• on I· sm that poses all the problems man will have 
to solve if he is to survive. 

SrR-The differences between myself and 
my friend Steven Weinberg' might seem 
merely to be a semantic argument. Actu
ally they touch upon some of the deepest 
questions of the Universe and our hopes 
to solve them. The ambiguous application 
of the term 'reduction' to a number of 
different scientific approaches has been 
the cause of much confusion. 

One of the most successful methods of 
science is that of analysis. It means taking 
a phenomenon or process of nature and 
trying to dissect it into its components, 
and then dissecting again each of these 
components into its components until the 
point is reached where one cannot go any 
further. For instance, after having studied 
the function of the liver as a whole, I learn 
a great deal more by studying what goes 
on in individual liver cells, and finally by 
determining which molecules play which 
role in the different organelles of the liver 
cell etc. 

This analytic process is sometimes 
referred to as constitutive reductionism 
because it consists of the reduction of the 
studied object into its most basic constitu
ents. No scientist objects to this form of 
reduction, but it would seem less confus
ing if such analysis were not referred to as 
reduction. 

Another phenomenon that has been 
called reduction is theory reduction, 
defined by Nagel' as "the phenomenon of 
a relatively autonomous theory becoming 
absorbed by, or reduced to, some other 
more inclusive theory". The classical 
example is the reduction of thermo
dynamics to statistical mechanics. The 
number of theories that can thus be 
reduced seems quite limited, and it has not 
been possible to reduce without residue 
any biological theory to a physical theory'. 
Weinberg agrees with this evaluation of 
theory reduction. 

Where the argument begins is when one 
asks whether the knowledge of the basic 
constituents of an analysis would permit 
one to build up an understanding of the 
total system. We know that an inventory 
of all the molecules in the liver is not suf
ficient to reconstruct a description of the 
function of the entire liver. Without a 
knowledge of mitochondria and other 
cellular organelles and structures (mem
branes), without understanding blood 
circulation and the structure of capillaries, 
without knowing what the normal input 
and output of the liver is, and without a 
knowledge of many other aspects of the 
liver and the body as a whole, it would be 
utterly futile to try to arrive at a correct 
picture of liver function. 

The view that the mere knowledge of its 
ultimate components would be sufficient 
to explain a complex system has been 
referred to by me as explanatory reduc-

tionism4
• It has been rejected by many 

distinguished physicists, including Niels 
Bohr, and Weinberg agrees with them. 
Even if you knew everything about every 
molecule in a glass of water, he says, "how 
would you ever recognize the properties 
that interest you about water, properties 
like vorticity, turbulence, entropy and 
temperature?"'. He realizes that "as one 
goes to the higher and higher levels of 
organization, new concepts emerge that 
are needed to understand the behaviour at 
that level"'. This acceptance of emergence 
is quite a departure from the view former
ly held by many philosophers and physi
cists. 

Then where do Weinberg and I disagree? 
Some philosophers have proposed that man 
in his search for truth deals with three 
worlds: the microworld of subatomic par
ticles, the middle world from the atom to 
our Solar System, and the megaworld of 
the infinite cosmos. Our system of cogni
tion is adapted to deal with the tangible 
middle world. It is my contention that 
advances in our understanding of the 
microworld of subatomic particles are not 
going to make any explanatory contribu
tions to our understanding of the middle 
world. 

When Weinberg disowned explanatory 
reductionism, he implicitly agreed with 
this view. Yet a number of exuberant 
statements on the last two pages of his 
article' suggest that he expects from the 
Superconducting Super eollider (SSC) 
more than a slight advance in our under
standing of the subatomic world. He says 
that "the arrows of explanation point 
down to a common source" and that in 
particle physics "we are at a level which is 
in fact in absolute terms quite deep, 
perhaps close to the final source", and that 
the particle physicist finds a "simplicity, a 
beauty, . . . in the rules that govern 
matter that mirrors something that is built 
into the logical structure of the Universe 
at a very deep level". 

I am willing to grant Weinberg that all 
this might indeed be true as far as the 
ultimate structure of matter is concerned. 
I am not a physicist but I would even be 
willing to accept the claim that some of the 
findings made in subatomic physics might 
help to explain certain phenomena of the 
megaworld. However, Weinberg's stress 
on the importance of this research implies 
a hope that it would contribute not only 
to our understanding of the subatomic 
world, but also to that of the middle 
world. I am not so euphoric. Even if the 
sse would lead to the discovery of the 
Higgs boson or some other equivalent 
finding, my disbelief in explanatory 
reductionism leads me to doubt that such a 
discovery would make any contribution 
whatsoever to our understanding of the 

I conclude therefore that it is more 
than doubtful whether the expenditure of 
4.4 billion dollars (or more) for the dis
covery of the Higgs boson can be justified. 
To be sure, the construction of the sse is 
heavily favoured by certain industries and 
by those politicians who hope that the 
project will be placed in their state, but 
whether science as a whole and the United 
States will derive benefits from this pro
ject remains a justified question. 
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WEINBERG REPLIES- I can't help but feel 
that if I could only express myself a little 
more clearly, Ernst Mayr and I would 
see that there's really no disagreement 
between us. So here is one more attempt. 

Perhaps the main point that needs clari
fication is that when I speak of theories as 
explaining natural phenomena, I am tak
ing for granted a kind of transitivity. If a 
large number of experimental facts a,b,c, 
... are explained by a set of theories X, Y, 
... , and then these theories are in turn 
explained by a more satisfying theory Z, 
then I would say that the facts a,b,c, ... 
are explained by theory Z even though we 
already understood them in terms of the 
previous theories X,Y, .... This may I 
suppose be regarded as just a matter of 
definition; for me the important thing is 
that in explaining theories X, Y, ... , the 
new theory Z gives us a sense that we 
better understand why our world (includ
ing facts a,b,c, ... ) is the way it is, and 
that this is one factor that (among other 
factors) ought to be taken into account in 
making decisions about the support of 
scientific research. 

To take one example within physics 
itself: Newton's theories of gravitation 
and of motion explained a vast number of 
facts about our Solar System, and about 
the motion of projectiles and the oceans 
here on Earth. However, these theories 
involved several apparently arbitrary 
elements: the inverse square law, the 
equality of gravitational and inertial mass, 
and so on. Also, as realized later, they 
were in conflict with special relativity. 
Newton's theories were then explained as 
an approximate consequence of a more 
satisfying theory, Einstein's general 
theory of relativity. In a narrow sense, 
general relativity contributed very little to 
our understanding of the Solar System or 
the tides. We already knew enough to cal-
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