


















170 Section C Curriculum issues 

The discovery of isotopes and of elements beyond uranium required that the 
construct be changed. More recently, quantum theory has necessitated a 
further reconstruction of the word. Science no longer defines atoms as the 
indestructible building blocks of matter since many sub-atomic particles have 
now been defined. The point being made here is that the concept atom does 
not exist out in the world somewhere waiting to be discovered; the word is 
undergoing a process of continual revision of meaning in the light of further 
explorations of the world. 

This reduction of the world to manageable aspects should be understood 
for what it is. Rather than science being thought of as a 'given' feature of the 
world around us, the learner needs to appreciate that science has been 
constructed by people as a way of making better sense of the world. 

This has obvious implications for science teaching and learning. If science 
develops by taking decisions about what would make better sense of the 
world, then teaching approaches could describe this procedure candidly and 
at a level appropriate to the learners' knowledge at the time. 

Scientists, then, deal with an idea such as floating and sinking by tidying 
up the world and then inventing powerful ideas to make better sense of it. 
This process involves conscious building of new ideas from prior knowledge. 
There is a tension here between reducing the world to 'manageable' simplicity 
and then treating systems as a whole. A vital debate about the difference 
between Western science and other means of knowing would be informed by 
students being aware of this tension (Christie, 1991). 

Question 3: Is there a single explanation for the phenomena 
of floating and sinking, energy, and photosynthesis which 
teachers should aim at? 
A common view of science is that there is a single scientifically acceptable 
description or explanation which teachers need to instil in their students. This 
is frequently apparent when teachers talk about how they should never tell 
their students anything that is wrong, and that the end result of any sequence 
of lessons is to produce the right answer. This encomium places an impossible 
burden on teachers, one which some are not aware of. School science can only 
be provisional knowledge leading towards the scientist's construct. In most 
cases this scientist's concept is inaccessible to students but transitional 
concepts can be valuably addressed. Preparedness to acknowledge the 
provisional nature of their learning and to accept that future change will be 
necessary may be a very valuable part of science teaching and learning. If we 
consider the concept of floating and sinking, the following explanations of 
why an apple floats are useful provisional concepts for learners from which 
the scientist's concept could be developed. 

The apple floats because: 

• it is light for its size 
• it is held up by the water 
• the upthrust of the water is equal to the weight of the apple 
• the weight of the water displaced is equal to the weight of the apple 
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• the apple's density is less than the density of water 
• the difference in water pressure below and above the apple results in a net 

upward force equal to the weight of the apple. 

The level of explanation depends on the purpose of the exploration and the 
background of the person for whom explanation is being provided. It is 
inappropriate for classroom interactions to convey the impression that there 
is a single correct explanation of any phenomenon or a single definition of any 
concept. This is a challenge to the pedagogy of most teachers. 

Question 4: Can science always provide an answer to a 
question? 
There are at least two instances in the survey which test the scientific view of 
floating and sinking to the limit; the spider standing on the surface of the 
water, and the stone skipping on the water. Indeed, these exemplars remind 
us that in the current description of phenomena, 'floating' and 'sinking' are 
inappropriate terms for their analysis. The two instances show a water surface 
and objects associated with it, yet we have real difficulty in answering the 
question 'Is the object floating?' and so does the scientist. Some scientists would 
say that the spider is floating because it is supported by the water. Others 
would say that the phenomenon involved here is surface tension and that the 
spider is not floating but rather supported by a 'skin' on the top of the water. 
We can support a needle on a water surface by carefully lowering it onto the 
surface, but this needle will sink if the surface is disturbed or some detergent 
is added to the water. The concept of floating held by most scientists requires 
that water is displaced, but in the case of the spider this may be said not to 
have happened. 

What about the stone skipping on the water? This is a tricky one since the 
movement of the stone is vital for it to remain on top of the surface. When its 
speed drops sufficiently the stone will sink. Science cannot answer the question 
'Is the object floating?' in the spirit in which it was asked, even though it looks 
like a perfectly reasonable one. (There are similar problems with the 
speedboat, though in this case the boat may well float if it stops moving). The 
scientific idea of floating and sinking is embarrassed when objects are in 
motion because the idea then becomes too complex for a straightforward 
analysis. 

The implications of this for teaching are clear. Young learners are very 
likely to ask questions which do not fit tidily into the constructs of science 
even though they seem simple. The apparent simplicity of the language 
conceals a very difficult problem. A teacher who understands that science 
does not have all the answers may feel more comfortable about helping a 
student to explore the world than the teacher who feels threatened by 
challenging questions. It should not be considered unprofessional for a 
teacher to acknowledge that some questions are unanswerable at the level of 
knowledge of science of the learner. This issue becomes clearer through some 
other examples of apparently simple questions, like: 'Is there more energy in 
a glass of milk than a glass of water?'. The proper answer to this question is 
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that there is insufficient information for an answer to be given. We need to 
know what happens next. As already discussed, the nature of science is to 
exclude from the system past history and future possibilities. In this case there 
are a number of possible futures. If the glasses are drunk then one analysis 
applies; however, if they are thrown at something then the analysis changes. 
The question can be answered but only when more information is provided. 
Again a simple question, posed in apparently exact terms is one which cannot 
be answered. Questions like this can be good questions for exploration of 
basic understanding. 

The last question comes to the heart of the construction of ideas in science, 
since it explores the process of change in the constructed meanings of ideas. 

Question 5: When a 'better' explanation is suggested, how 
do scientists decide whether to accept it? 
If science is not a set of truths which exists independently of people then in 
the construction of this structured complex of ideas there will often need to be 
changes made to ideas. This process of changing prior ideas is also the core 
activity of education so the issue of acceptance or rejection of a new idea is an 
important one both for science and for science education. We now know that 
learners often retain their prior meanings for words rather than taking on new 
meanings and we also know that this situation is often not apparent to the 
teacher. If your idea of floating was based on an object being above the water 
surface, then introduction of the 'better' idea that floating involves support by 
the water will have caused problems. You would need to have explored the 
new idea and found it to be more helpful and to offer better explanations 
before you would feel comfortable with it. 

Scientists have frequently had to face this difficulty. Although a popular 
image of scientists is that they quickly accept new discoveries, the history of 
science shows that many scientists have continued to disagree with 
developments in their field for very long times (one commentator on the 
history of ideas has remarked that new theories in science are finally accepted 
when the last opponent dies of old age). When an idea has become part of the 
way that you think about the world, changing that idea will mean 
overcoming barriers which can be very difficult to break down. Nevertheless, 
there are some 'rules of the game' of changing ideas that can be offered. They 
have to do with new ideas being: 

• more parsimonious (if a single explanation encompasses several others 
then science tends to prefer the more inclusive) 

• more elegaht and coherent (if the new idea is tidy and links to a greater 
number of other ideas then it will be preferred) 

• able to explain what is already known and also to predict some unknown 
outcomes. Ideas are preferred which have explanatory and predictive 
power. 

There can be valuable debate over these statements. The point made here 
is that addressing them would assist learners and teachers to explore the 
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process of the construction of scientific knowledge. Much of the current 
critique of science and its products does not confront the nature of science and 
the procedures used in its construction. The best criticism comes from 
understanding these rules, followed by an analysis of their consequences. 
Many of our students reject science without any understanding of the power 
of its constructs and the manner by which these have been constructed. 

The important point for our discussion here is that when teachers are 
encouraging students to adopt a different construction of a concept, classroom 
activities require more than statements which outline the new meaning, 
perhaps followed by some exercises. Learners need time to consider their 
prior meanings, to explore new ideas, to link them to other existing ideas, and 
to construct new meanings knowing what the requirements are for this 
reconstruction. The false view of science which holds that scientists are 
rapidly converted to new ideas has resulted in classroom approaches to 
science which too often assume that changing ideas is an easy procedure. The 
most important feature of an approach to science classes which addresses the 
difficulty of changing ideas is conversation. Science lessons which continually 
seek learners' ideas, which help to clarify them, and which provide an open 
and unthreatening environment for changing these ideas through 
conversation are classes in which learning in science can be improved. The 
false idea that science is exact and therefore that concepts in science are 
unproblematic can be argued to have trapped science teaching into a 
pedagogy which misrepresents both the content of science and the process 
whereby this content is constructed. 

~ Summary 
This chapter argues that classroom teaching and learning should address the 
processes of constructing and reconstructing scientific knowledge. A number 
of issues arise naturally in the classroom which enable teachers to explore the 
nature of science. These include: 

• how, by building up experiences and trying to make better sense of them, 
scientists construct concepts - which are not 'out there' in the world 
waiting to be uncovered 

• how science takes the richly complex world of experience and reduces it to 
a more manageable one in order to make more powerful statements 

• how science often focuses on a defined system as it is at the moment and 
ignores previous history or possible futures unless these are clearly stated 

• that there are a number of apparently simple questions about the world 
that may be very difficult for science to answer 

• that the rules for deciding that a proposed explanation is better include 
notions of elegance, parsimony and greater connectedness as well as those 
of plausibility, intelligibility and fruitfulness. The process of making a 
substantial change to the ideas of science is one which has aroused and 
continues to arouse argument and even passion. 
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