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	Table 1


	
	Table2

	Aspects of wonder
	
	· Science must make sense.

· If we expect pupils to develop enquiring   minds, then teachers need to demonstrate these, too.

· Teachers should not know or understand everything about science (but they should   continuously explore what they don't know, and re-examine what they (think they) know).

· Enthusiasm is caught not taught.
· Pupils need to be ACTIVELY engaged.
· Balance.


	
	
	· 

	ABOUT


	AT
	
	

	What?

How does it work? What would happen if? 

Why?

When?

What next?
	Wonderful!

Wow!

How interesting!

How exciting!

how beautiful!
	
	


Over the past 30 or so years in which I have been involved in science and science teacher education, my favourite word has become 'wonder'. This, it seems to me, is beautifully ambiguous in capturing two major aspects of science.

'Wondering ABOUT': which captures the questioning, exploring, investigating, searching for understanding  of science (and the search for utility  in technology).

'Wondering AT': capturing the sense of awe, beauty and enjoyment at what can be found, explored, invented and understood.

The word 'wonder' captures both the questioning and the emotional response - both of which seem to be uniquely human characteristics.

As you will see, this is approached from the perspective of someone who (hopes he) is both an optimist and an enthusiast and sufficient of a realist to know that a similar level of enthusiasm for science cannot be expected

from the vast majority of pupils (even though, one hopes, most of them will find something in the curriculum to be· really enthusiastic about).

This exploration of science teaching is divided into six sections which are made explicit in Table 2 and discussed separately below (although these are closely-related rather than independent categories).

Science must make sense.

This seems to be a self-evident statement, but I am convinced that this is not the experience of all - and possibly not of most - pupils, especially in secondary schools. It is all too common even for more able pupils to be motivated by the desire to pass an examination in science rather than to explore the meanings of science for themselves. Thus, many pupils learn and regurgitate words, definitions, diagrams for examination purposes, or to 'satisfy the teacher' rather than realising that the ideas are human inventions (constructions) which have to make sense, and have sometimes to be challenged.

I was moved by an experience in Nairobi some years ago when I was told that, in a primary science examination, most pupils described the new moon's appearance as being that visible from England rather than as seen from Kenya. (Actually I was surprised that they were different!) Clearly they had learned information from text-books (published in England) rather than relating it to what they must have seen themselves.

Teachers need enquiring minds. 

The central aim of the Science 5-13 project (1968) was specifically that 'children should develop enquiring minds'. I strongly contend that a prerequisite for this is that the teacher should have an enquiring mind also and demonstrate an interest in exploring and developing his/her own scientific understandings at an appropriate level with the pupils. Explaining and exploring is what Sc1 is about. Understandings gained in early explorations should enable more sophisticated approaches to later ones.

Teachers do not need to know/understand everything.

This would be an impossible condition anyway. However, it is a humbling experience to reflect on how much very basic understandings of science one has achieved in the process of teaching science. In one way I feel guilty when I realise how long it has taken me to come to my understandings. (Perhaps other teachers do not have this experience? Hopefully some of my pupils understood in spite of me.)

Continuous learning is one of the effects of an enquiring mind -- and science is always developing a world of tentative and changing 'facts'.

Another humbling realisation for me was that many of my pupils are more able than I and, with encouragement from me, have been able to challenge successfully some of my understandings. It seems to me ironic that so much research into alternative conceptions of science implies that it is pupils who have these, and not teachers. In my experience, my conceptions also are frequently alternative and incomplete.

Enthusiasm is caught not taught. 

This is perhaps the central theme of this analysis and it permeates the other aspects. If the teacher is not interested in the science and does not enjoy the process, neither will the pupils enjoy or engage in it. When asked at interview what characterises their 'best' teachers our PGCE students invariably include enthusiasm for the subject.

Pupils need to be ACTIVELY engaged.

This does not necessarily mean busy or even engaged in practical activity. I well remember from the early days of Nuffield science the 'ancient Chinese proverb':
I hear and I forget

I see and I remember

I do and I understand.
(although Chinese colleagues do not seem to know it!)

Subsequently it became quite clear that 'doing practical work' is not enough. Pupils can do things just as mindlessly and 'by rote' as they can when listening to the teacher and copying notes. In David Ausubel's (1968) analysis, rote and meaningful learning and reception/discovery approaches are distinct and probably independent dimensions. It was a very significant understanding for me that discovery approaches might lead to rote learning. Teaching using practical or didactic approaches may be independent also (Figure 1).








My mistake (and perhaps that of others) was to confuse the dimensions and apply the same value labels to each, i.e.

rote is equivalent to didactic is bad, 

meaningful is equivalent to practical is good.

Pupils can only involve themselves fully in learning if they are aware of the purpose of the task, are interested in it, make sense of it and value it. (The need to pass an examination or its position as a national curriculum entitlement are insufficient in themselves.)

A rewording of the proverb by colleagues here (Naylor 1993) which seems more meaningful for me is:

Tell me and I forget

Show me and I remember 

Involve me and I understand.

Balance.

There is always an issue in finding an appropriate balance, which suits the teacher and the pupils (ideally all of whom need to be involved) between:

Information
and
Exploration 

Being told
and
Discovering 

Certainty
and
Tentativeness 

Rigidity
and
Flexibility 

Perhaps most important is the relationship between pupils and teacher (and between pupils) which allows balances to be negotiated.

'Wondering about' effectively undertaken stretches the intellect of both pupils and teacher. It is not easy for the teacher. For example, I enjoy demonstrating that a mixture of hydrogen and oxygen does not explode - until ignited! However, a small research study (Goodwin 1995) involving postgraduate science students and a well-used textbook shows that even highly qualified. scientists and experienced writers have difficulty in providing coherent qualitative explanations. This suggested the need to discuss and explore· ideas critically between:   

teachers and pupils 

teachers and teachers

pupils and pupils.

Science should come at the top of our agenda.

'Wondering at' is also dependent on our expectations. I often show an oscillating reaction (Hawkins 1975) in which there is a repeated colour change from clear to dark-blue. This gives those who have an expectation as to how chemical reactions should behave a cause to wonder. Those with no such expectations are not even surprised!

Perhaps the last words can be had by Richard Feynman (1986):

I wonder why, I wonder why,

I wonder why I wonder;

I wonder why I wonder why

I wonder why I wonder!


(p48)
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