
1c: What is an Explanation?
[image: image1.png]




Unit overview

Background information

A key issue in the relationship between Science and religion hinges on the question of different types of explanation. Scientific explanations are different from religious ones because both are setting out to answer different questions. Rather than being contradictory they should be viewed as complementary. In order to understand this, it is important to examine how scientists arrive at conclusions and how they set about providing answers to the questions they are asking.

Learning Opportunities

Lesson 1
Students are introduced to the key elements of structure in an argument and are given different arguments in which they have to identify the process of induction and deduction.

Lesson 2 
Through playing Eleusis and Twenty Questions students are given the opportunity to apply their understanding of induction and deduction.

Lesson 3 
Follow up to these games takes place in this lesson while they also think through the distinction between theory and fact. In groups they consider these distinctions as they evaluate some historical references to Galileo.

Lesson 4 
In practical ways, students look at the question of the extent to which reductionism can be an effective way of arriving at conclusions.  The application of reductionism as a philosophical approach to human nature is discussed.

Lesson 5 
The students compare causal and teleological explanations. They make pictorial representations of top-down explanations.

The problem of induction (see Teacher Resource Sheet 6: Teacher Notes)

Central to the inductivist view of science is the notion that the principle of induction can be used to extract scientific truth from a set of observations. Simply put, the principle of induction states:

If I observe object  A to have property B on a substantial number of occasions under a wide range of circumstances, then I am justified in saying that object  A always has property B.

This needs to be contrasted sharply with the process of deduction as illustrated by the argument:



All men are mortal



Socrates is a man

Therefore:
Socrates is mortal

This deduction is unassailable, granted the truth of both premises. However, the logical rigour comes at a price – no new information has been obtained in the argument. The conclusion is already embedded in the premises: the argument has merely made this fact a little clearer.  On the other hand, the argument:



Fred is a man, and he is mortal



Joe is a man, and he is mortal



Ahmed is a man, and he is mortal



Etc.

Therefore:
as every man that I have observed has been found to be mortal, all men must be mortal

is an exercise in induction and the argument has added new information to the proceedings. The assertion that all men are mortal is not simply contained in the repeated observation of individual men. We have made a leap from a finite number of observations to a consequence involving all men. A move from the specific to the general has resulted. Now, it is quite clear that no matter how persuasive such a move might be (especially so in the notion of human mortality) as a point of principle, the argument has no logical rigor. A finite number of observations can never be enough to justify a general assertion (you never know, the next man you meet might just be immortal!). If the principle of induction is to be justified, then it must be done on other than strictly logical grounds.  One move that has been suggested is that induction can be justified on the basis of experience – science is based on induction, science works so induction must work! However, this will not do. After all an argument such as:



Induction has worked on occasion 1



Induction has worked on occasions 2



… induction has worked on occasion n
Therefore:
induction will always work

is itself an inductive argument,  and so contains no logical rigor. 

A more plausible defence of induction must rely on the fact of its success as a ‘suggestive hint’ rather than a ‘knock down argument’ coupled with an acceptance that without some form of induction, no new knowledge is ever possible. This has two consequences – in the minds of some thinkers, science loses it claims to be a defensible technique for attaining knowledge about the world (if it relies on induction and induction is bust, then science must be faulty as well – cast it away!).In modern times this sort of view coupled with the realisation that fact and theory can never be separated (as discussed below) has directly lead to a form of  ‘anything goes as they are all as bad’ relativism about thinking. In a nutshell, post modernism. Interestingly can theology come out of this rather well as being no worse than science! However, for a rational defence of both science and theology, this will not do. Hence the growth of critical realism (see topic 1a).

The Hypothetico-deductive View of Science

The view of Science described in R4 can be summarised in the following terms:

Scientific truth is arrived at by making observations of the world in a wide variety of circumstances and from these observations producing scientific laws by a process of induction.

This divides the scientific process neatly into two parts – the patient gathering of facts, free from prejudice and presupposition and the process of induction working on those facts to obtain Scientific theories.  We might also call this the naïve inductivist view of science. This view can be subjected to some severe criticism from several directions:

1 There is no simple justification of induction as a means of gaining reliable truth;

2 The processes of science can not simply be divided into fact gathering and theory making – the two are inexorably intertwined;

3 The account of science as described by a naïve inductivist is at variance with what we see scientists actually doing.

Fact and theory

According to the naïve inductivist justification of scientific truth, the process of induction acting on experimental information produces a scientific theory. A theory can only be justified on logical grounds (in which case it adds no new information) or by inductive argument (and we have seen the problems that causes!) An interestingly penetrating criticism of this view points to the difficulty involved in making a clean separation between the notions of fact and theory. Several key points can be made (in increasing philosophical sophistication):

1 Every scientific instrument needs to be understood by the scientist before it can be used to produce experimental data. This ‘understanding’ is a theory that is being applied in the search for new facts. The story of Galileo and the Jesuits is especially illuminating in this regard. 

2 Very little scientific research (especially these days) starts with an ‘open book’. Research proposals have to be clearly couched in terms of the context being explored. An experiment needs to be designed to do a specific job, and this must be done in terms of a background theory that is being explored (and this is not the same of the theory behind the operation of the instrument). 

3 No scientific data is totally ‘raw’. As an example consider the graph of Hubble’s first results on the red shift of distant galaxies. It either takes a leap of imagination, or a great deal of scientific insight to pull from this raw data the proportional relationship that Hubble proposed (and which we now know to be true). Hubble knew what he was looking for before he set out.

4 Often the facts that are before us are not the significant facts that need to be analysed in order to provide a true picture. This is particularly well illustrated by the history of the development of our understanding of motion. The early Aristotelian view had forces required to maintain motion. This was understandable given the almost universal presence of friction acting on moving objects. It was the combined work and genius of Newton and Galileo that revealed the comparative lack of importance associated with the ‘fact’ of friction masking the underlying physics. The interpretation of facts and the weighing of their significance is a vital component of theory construction. 

5 Even the language that we use to express information is a ‘theory’ which colours at a very fundamental level our approach to facts.

Putting all this together, it is clear that the process of producing a theory from an independent set of facts might be a nice model of science, but it practice it is an impossible dream. The theory and the facts that support it exist in a symbiotic relationship – this is an example of the ‘tame circularity’ in thinking that is discussed in R1. As a consequence of this, we can see that the process of theory creation is beset with difficulty – the culture, upbringing, beliefs and prejudices of the scientist can have a profound influence on the way in which they think and the sort of theory that they produce. This is a common criticism of science, but to most practicing scientists it is over-done. 

This sort of thinking has very obvious implications for the relationship between science and theology. Many workers in this field have sort to defend the rationality of both science and theology on an acceptance of the limitations of induction and the colouring of our views by assumptions, beliefs and other ‘background theories’ but a denial that this cripples both activities. Critical Realism (see section 1a) enshrines the defensible belief that both science and theology can advance in the face of such issues as they are both carried out by a community of trained workers with skills of ‘tacit understanding’ [1] developed over many years and ultimately by reference to the data that each works with. For example, it is possible to make a comparison between the ‘interpreted data’ in a scientific experiment and the ‘interpreted history’ of the Christian Gospels. 

Cause and effect (see Student Resource Sheet 5: Why oh why?)
In science it is presumed that everything has a cause. Obviously a cause must come earlier in time than the effect that it produces, but that is not the only criterion that establishes cause. A little girl who notices that the Sun comes up when her bedside alarm rings would not be correct to assume that the alarm causes the Sun to rise! There has to be a causal link – a web of connections and consequences that runs from one event to another. 

“Science has no need of purpose. All events at the molecular level that lies beneath all our actions, activities, ad reflections are purposeless, and are accounted for by the collapse of energy and matter into ever increasing disorder.”

“Science can perform its elucidation without appealing to the shroud of obscurity of man-made artifice, including that supreme artifice the presumption of purpose. A block of hot metal will cool, not because it is its purpose to cool, but because the spontaneous chaotic dispersal of its energy results in its cooling”

Peter Atkins, in Natures Imagination, John Cornwell Ed.

The quotes from Peter Atkins above show that he is from the extreme end of scientism – the belief that science is the only technique that provides true knowledge and that all questions are, in the end, either reducible to scientific ones or meaningless.

To the everyday person, scientism seems obviously false – we carry out our lives as if explanations like those in 1 and 2 above are valid reasons why the small boy ran into the road. However, scientism is subtler than that. Atkins would not deny that expressions like those used in 1 and 2 are valid means of communicating in everyday language. What he would say is that they are illusions: “although poets may aspire to understanding, their talents are more akin to entertaining self-deception”. In the end, proponents of scientism maintain, all the questions that we routinely expect answers like those in 1 and 2 for are translatable into brain states following each other like the ticking of a clock – the clock ticks because of its internal mechanism leading it from one state to another. There is no purposive thought or desire to a clock. 

The direction of explanation

“I wanted the ball, so I ran into the road”

“I wanted to avoid hitting the child, so I slammed on the brakes”

“The Sun gives us the warmth to live, so it shines”

“A flower wants to attract bees, which is why it has a bright colour”

“An atom wants to be in a lower energy state, so it emits light”

The key question is, do things happen to achieve a certain end? In the sentences above, the first few sound very reasonable but we probably get a little more worried by the latter few. Certainly atoms and stars can’t want things, so these are surely expressions that we use. Stars are nothing but collections of atoms, and atoms are collections of protons, neutrons and electrons – there is no desire in them. But, are we not also collections of atoms? Can a collection of atoms get together and decide that it wants a ball? There are a couple of possible answers:

1. 
Yes – we do every day. Why deny this basic human experience?

2. 
No, any such thing as desire is an illusion – a psychological state that will be explained in the future just the way that we understand the wetness of water as being due to the energy of the molecules in it.

3. 
No, as we are more than just collections of molecules – we have a spirit, which stars and flowers do not have.

The idea that the final outcome can determine things is called teleology. It is the notion that the final situation draws events towards it. Science has rejected this idea. In science explanation always runs from cause to effect – the causes have to happen for the effect to come about. You deal the cards and 4 aces in a row appear. It is not that the 4 aces is a desirable outcome that influenced the deal. Science has rejected teleology as it has not needed it. Consequently there is no room in science for purpose and intention. As science approaches the human brain, the assumption that there is no purpose is generally also applied. 

The Anthropic principle (see Unit 4b The Anthropic Principle) is an example of a principle that, in some formulations, reverses the normal direction of explanation. It starts from the fact that we exist here and now to infer things about what the universe must have been like. This reversal of normal explanatory flow is one reason why many scientists feel the Anthropic principle to be unscientific.

Top down causation

An approach to the issue of purpose within a scientific explanation of the brain that is attracting some interest is that of top-down causation. Briefly the idea comes down to a denial of strict reductionism. Reductionism works if the parts that make up a complex whole behave the same way when isolated from the whole. It then becomes possible to study their behaviour in more simple circumstances which give insight to the way in which the complex whole works. However, it is possible that in very complex systems, such as the brain, the parts are influenced by the overall context. In normal causation, the parts interact with each other at their level in the system and the overall behaviour (the top of the tree) is determined by what is going on at the level of the roots. Top down causation suggests that the overall state of the whole system can, in some manner, influence what the parts are doing. If feelings, thoughts and emotions are present at the top level of the system in the brain, then these may be able to subject the parts of the brain (neurons) to an influence.

If this approach is to work, then some other causal influence needs to be discovered that allows the whole to work on the parts. There have been some suggestions as to what this might be, but they are all speculative at this stage.

Given the lack of any mechanism that might mediate a top-down causation, it is perhaps surprising that the idea is being considered at all. However, it comes down to accepting the basic human intuition that we have the ability to act in the world, to make decisions, to be persuaded by logical arguments and to react emotionally. If this is true, then it directly denies the reductionist idea and something else needs to be found.

Notes

[1]. The term “tactit understanding” was used by the philosopher of science Michael Polanyi to describe those skills we possess which have sunk below conscious consideration. The experienced driver no longer has to consciously think about the operation of the clutch, accelerator and gear lever in combination – they simply change gear. In a more general view, there are tacit skills of understanding that cannot be objectified but nevertheless are crucial for working in any subject. 

Aims of the topic

At the end of the topic, we hope that most students will have:

· Become aware of the difference between induction and deduction.

· Considered the use of circular arguments and when they can be acceptable/inevitable.

· Taken part in games which demonstrate induction and deduction.

· Criticised some traditional distinctions, e.g between fact and theory.

· Considered the use of reductionism in science and as a philosophical approach.

· Understood the importance of explanation in Science and Religion.

· Examined causal, teleological and ‘top-down’ explanations.

Some will not have progressed as far but will have:

· Identified induction and deduction in arguments.

· Explained what is meant by circular arguments.

· Taken part in games of induction and deduction.

· Become aware of the difference between fact and theory.

· Understood what is meant by reductionism.

· Begun to realise the importance of explanation in Science and Religion.

Others will have progressed further and will:

· Be able to analyse the inductive and deductive nature of arguments.

· Identify when a circular argument will not work but when it is acceptable.

· Analyse their own views of how science works.

· Evaluate the different ways in which reductionism can be used.

· Identify the different levels of explanation.

· Define and be able to identify causal, teleological and ‘top-down’ explanations.

Key Questions

· What are the ingredients of a sound argument?

· Is it possible to know when scientists are presenting us with facts rather than theories?

· What are some of the dangers of reductionism in everyday life?

· Are Scientific and Religious explanations of equal importance?

Learning Objectives 

· To analyse arguments in order to evaluate their strengths and weaknesses.

· To correctly identify inductive, deductive and circular arguments.

· To play two games which illustrate deduction and induction.

· To explain what is meant by causal, teleological and ‘top-down’ explanations.

· To have made pictorial presentations of top-down explanations.

Outcomes

· To demonstrate the ability to construct arguments using deduction or induction.

· To identify the use that is made of deduction and induction in both science and other areas of life.

· To reflect on the importance of different types of explanation.

· To understand that scientific and religious explanations are compatible rather than contradictory.

· To be aware that different forms of explanation are appropriate to different situations.

· To reflect on some of the traditional distinctions in science, especially that of fact and theory.
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