2c: Wholes or parts?
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Unit Overview

Background information / abstract

This topic looks at reductionism in science.
Teacher support materials: Background information

Reductionism relies on two key ideas: that complex wholes can be broken into simpler parts and that understanding the parts provides a complete approach to understanding the wholes. For this to work it is necessary for the parts to be studied in isolation, and for these parts to be fundamentally the same in the context of the whole. 

In science, reductionism is a very helpful technique that has been the key to a great number of basic scientific advances. However, the valid application of reductionism to very complex systems (such as humans) is open to debate. The success of reductionism as a scientific technique in all the areas where it has been applied so far has lead to the assumption that it will always work and, further, the belief by some that human nature is also understandable in reductionist terms. It is often said that humans are ‘nothing but’ X, where X can be chemicals, fundamental particles etc. This view has humorously been referred to as ‘nothing-buttery’.

In the more contentious regions of the demarcation line between science and religion, the term reductionism is often either used as a rallying call to battle against the evil foe, or as a straightforward term of abuse. 

As with all things, it pays to be sure precisely what it is that you are talking about before taking sides in the reductionism/anti-reductionism debate.

So, what is reductionism?

In general terms, reductionism seeks to understand complex wholes by studying their parts. In various guises reductionism is:

1. A technique used by scientists, in which a problem is approached by splitting it into smaller and more manageable parts. Thus, when a scientists seeks to understand how something complicated works he/she will try to find the obvious ‘pieces’ from which it is made, study how they work (independently of the whole) and then hope to understand the whole from the workings of these pieces.


2. A belief that all complex systems can be understood simply and solely from an understanding of their parts.


3. A metaphysical doctrine that all ‘higher level’ concepts can be reduced to ‘lower level’ ones – for example that love is nothing more than a complicated chemical reaction.


4. A scientific theory that everything in the universe is composed of particles of matter. (There is no vital spark which makes life different from rock.)


5. A conviction that ultimately the only valid forms of question are scientific and so science is the only valid way of acquiring knowledge. This is reducing everything to science, and rejecting those forms of knowledge that can not be reduced in this manner. An extreme form of reductionism of this type is often called scientism.

Clearly these different uses of the term reductionism are related to one another. Without the success of the reductionist technique (1) in science (and most especially in physics), the hope that all complex systems could be reduced in this manner would not have arisen (2). The metaphysics (3) of reductionism almost comes along for the ride with the other two. Our understanding of the physical world is such that (4) is widely accepted among both scientists and theologians. However the conviction (5) that is the ultimate projection from the success of (1) is hotly disputed.

Reductionism is not always a naughty word…

In the early days of physics, we learnt how to measure the volume, mass, temperature and pressure of a gas. Soon after, it became clear that these measured properties could be related to one another in a mathematical calculation. 

As understanding progressed, we came to see that gases are made of invisibly small objects (molecules) rushing around in empty space. When these molecules bash into the container walls holding in the gas, they push on them, which is what we experience as pressure.

Temperature can also be reduced to the properties of molecules, but in a less direct manner. It is easy to see that the mass of a gas is the total mass of its molecules, as molecules themselves have mass (the total money in a bank account is the sum of all the individual bits of money paid in); there is no difference in kind here. However, an individual molecule can’t be said to have a temperature. 

The temperature of the gas, which we measure using a thermometer, is the average energy of the molecules rushing around inside. It is only when you have lots of molecules together that this average means anything. 

To take another similar example from physics, an individual molecule of H20 is not ‘wet’, but if you collect enough of the things, then the interaction between them will give rise to a property of the collection known as wetness.

Reducing concepts

In both of these examples higher level concepts (wetness, temperature) are explained in terms of lower level concepts (interaction energy of the molecules in  one case, movement energy of the molecules in the other). 

In certain situations, it is much easier to talk using the higher level ideas than always working with the lower:

“Oh, I have just spilt my glass of water and the interaction energy between the molecules has caused them to spread into a film which is diffusing into the fabric of my trousers!”

“Oh, I have just spilt my glass of water and got my trousers wet!”

Although using the higher levels exclusively might sometimes be easier, this does not contradict the fact that the higher level concept (in these cases) is capable of being reduced to the lower.

The key to a successful reduction
In these examples, the molecules can be taken out of the gas or liquid (the whole) one by one and studied as individual objects (the parts). When they are put back in the context of the gas the properties of the molecules do not change. 

This is the key to successful reductionism of this form. The parts do not change when they are put back into the whole. 

Of course they connect with one another, as the cogs (parts) of a clock link together to make the movement (whole). But studying each cog in isolation will tell us about how they can connect, and putting the cog into a motor rather than a clock does not change the way in which the cog can behave.

If you want a more biological example, consider a flock of birds (how many birds does it take to make a flock?). You can study birds in isolation and learn how they react to certain stimuli. Then, when you put them together into a flock the whole takes on certain behaviours as the birds are acting in a group. Migration happens, that sort of thing. However, the migration of the flock can be reduced to the migrating instinct of the individuals. A bird does not suddenly stop laying eggs and start giving birth to live chicks instead just because it is placed in a flock.

Does it always work?

No.

Take a trivial example – a jigsaw. Each piece of the jigsaw contains part of the picture. Studying the pieces will reveal their shapes and the way in which a piece can connect with a few others, but studying the pieces does not reveal the nature of the picture made when they are assembled into the whole. Neither is the whole picture a ‘sort of average’ over the bits of picture on each piece. Something new and irreducible has emerged.


Physicists grubbing around with the tiniest parts of matter, the so-called elementary particles, have discovered that wholes do not always simply break into parts. In certain situations, two particles can interact with one another to form a whole in which one influences the other even if they are separated to large distances (so that they look like two parts again). In such a situation the behaviour of each part is influenced by the other in a weird manner that can’t be explained by what is happening to each one separately. You may have heard of this – physicists have called this surprising feature entanglement. Reductionism fails here as the parts do alter their behaviour in the context of the whole. However, this is a rather specialist case.
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A nice illustration of the principle that reductionism does not always work comes from the picture of the impossible triangle.  The triangle in this image is an impossible object – there is no way to construct such a thing. However, its impossibility is not localised at any one part of the triangle. You could imagine breaking it into pieces and each piece would be perfectly OK. However, the whole can not be assembled from those pieces.

What these examples show us is that, in principle, perfectly well-defined and sensible puzzles are not always open to being solved by reductionist techniques. It is then not inherently obvious that all scientific advances have to be made on reductionist lines. There may be some problems in nature that cannot be attacked along these lines. If that is the case (and the discoveries of physics suggest that it might be) then the reductionist philosophy on which these idea rest is open to question as well.

The hard problem
What can theology make of the claims of reductionism?

Firstly it need not fear the notion that the entire universe is composed of collections of particles interacting with each other. That simple claim is well attested to by science and is theologically insignificant. 

More corrosive is the notion (often asserted as a truism) that all higher level concepts can be reduced to lower level ones and eventually to the forces and properties of particles. Theologians resist this notion as it tends to belittle the human spirit. Further than that it destroys the notion that rational argument has any purpose or support. The focus of the disagreement about reductionism lies in the debate about the nature of consciousness.

To an out-and-out reductionist, human experiences of love, anger, thought, intention and beauty are the by-products of brain processes which are themselves to be understood in terms of the interactions between particles. Love is generated by particle motion in effectively the same way that temperature is a high level concept subsumed by motion energy. 

Despite some rather triumphalist claims (and some very ambitious book titles), very little progress has actually been made along this reductionist agenda.

Nothing buttery

Although the notion that human mental process can be reduced to brain processes is very popular among certain branches of the scientific community, it can be subjected to criticism. 

Possibly the most important criticism is that if a reduction of all mental processes to the workings of physics could be upheld, then intellectual debate would be invalidated (would not exist). To a reductionist, my wishing to raise my arm and the muscular contractions that actually achieve it are both caused by some underlying business (as yet undiscovered). It is not that I (whatever that may mean) wanted to raise my arm – the mental sensation of wanting is a by-product of physical processes in my body that are happening to raise the arm.

If this is true, then my attempts to persuade you of this thesis are not a genuine intellectual endeavour (in fact no such thing actually exists) but also a by-product of similar sorts of processes. You are not in turn convinced that I am right (or wrong), but experience the sensation of agreement (or being violently opposed) as the processes in my body have triggered some others in yours. Any idea that there is an argument going on is an illusory one.

Given the possibility that this is the case (and it flies in the face of some basic human experience), then who is to say which of us is actually right? What validates the processes going on that allows us to make correct (scientific if you like) deductions about the world? Furthermore, why do the people convinced that the mind does not exist in reality write books to convince us of this fact? Surely they have sawn off the branch on which they are sitting!

One answer that has been suggested is that the evolutionary process that lead to the brain also validated the mechanisms that create the illusions of free will and intention within us. Like many claims made for genetic and evolutionary explanations of human behaviour, this is a big leap from what we actually know to be the case. Certainly, it seems that the evolution of ‘mental-like’ processes has wildly over-stepped what might have survival value. 

The main problem that reductionism faces is to produce any sort of plausible connection between the processes going on in the brain and the simple experience of seeing a patch of colour.  This is a much harder problem than relating temperature to movement energy, and simply asserting that it must come out in this way is a long way short of establishing the fact.

Of course, those who wish to defend human mentality against the assertion that humans are nothing but the workings of a conglomeration of particles which can be understood in terms of chemistry and physics etc have to offer some competing account no matter how rudimentary. 

One approach that has been suggested is that the whole can exert some influence on its parts – that the behaviour of parts can be modified in the context of the whole. This notion has been called ‘top–down causation’. One of the first to defend such a position was Roger Sperry, a Nobel Prize winning neuro-physiologist. It has attracted interest among scientists and theologians who are interested in defending the effectiveness of human mentality. Their position could be summed up by saying that they regard the basic human perception that thinking and experiencing means something real and therefore the reductionist view must fail in this case.

Key Quotations 

“The behaviour of a system is determined by the behaviour of its smallest parts.”  Ian Barbour

“Reductionism… hold(s), very roughly, that the nature of complex things can always be reduced to (explained by) simpler or more fundamental things”  The Wikipedia free on-line encyclopedia:   

http://en.wikipedia.org/wiki/Main_Page 

“The ultimate aim of the modern movement in biology is in fact to explain all biology in terms of physics and chemistry.”  F. Crick

“Anything can be reduced to simple, obvious mechanical interactions. The cell is a machine. The animal is a machine. Man is a machine”  
J. Monod

Aims of the topic

At the end of the topic most students will have:

· been able to explain well what reductionism is
· been able to arrange areas of study into a hierarchy based on the complexity of the systems under study

· been able to understand that there are high-level concepts and low-level concepts within areas of study
· been able to assess reductionism as a theory

· been able to understand the arguments for and against reductionism

Some will not have progressed as far but will have:

· been able to explain in simple terms what reductionism is
· been able to arrange a few areas of study into a hierarchy based on the complexity of the systems under study

· been able to make some assessment of reductionism as a theory

· been able to understand two arguments for and against reductionism

Others will have progressed further and will have:

· been able to explain in detail what reductionism is 

· been able to arrange areas of study into a hierarchy based on the complexity of the systems under study

· been able to understand that there are high-level concepts and low-level concepts within different areas of study
· been able to offer a developed assessment of reductionism as a theory

· been able to understand the complexity of arguments for and against reductionism

Key Questions

· Can reductionism help to make sense of the world?

· Does it have any weaknesses as a theory?

· Do these weaknesses destroy the claims it wants to make about the world?

Learning Objectives / Outcomes

· To be able to explain what reductionism is
· To be able to arrange areas of study into a hierarchy based on the complexity of the systems under study

· To understand that there are high-level concepts and low-level concepts within areas of study
· To assess reductionism as a theory

· To understand the arguments for and against reductionism

Resources

Books

Barbour, Ian 
When Science Meets Religion contains an excellent discussion of the issues

Polkinghorne, John
Science and Christian Belief sets out an alternative to reductionism with regard to human beings in terms of a theory of open complex systems. Also contains discussion of the reductionism debate. Highly readable and informative.

Cornwall, John
Nature’s Imagination - hard to obtain, but very worthwhile. Contains one chapter by Peter Atkins which sets down the reductionist agenda; this is directly followed by a robust critique by Mary Midgley. 

Web references

http://freethought.8m.net/ - an interesting short discussion of the issues

http://en.wikipedia.org/wiki/Reductionism - a superb free encyclopaedia site with an excellent section of this subject, branching links taking you to related topics. Recommended.

http://www.counterbalance.net/ghc-redu/criti-frame.html - a good starting point for an exploration of the issues surrounding genetic reductionism.

http://members.aol.com/gaygene/ - a web site dealing with all the issues surrounding the so-called gay gene and related research.
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