Paper 1/Nicholas & Ng/science preconceptions & literacy/La Trobe University

Probing preconceptions to create new concepts while learning science: a focus on literacy
 Howard Nicholas (PhD) and Wan Ng (PhD)
Faculty of Education (Bundoora), La Trobe University, Victoria, Australia 

[image: image1.wmf] 


To cite this reference: 

Nicholas, H. & Ng, W. (2004). Probing preconceptions to create new concepts while learning science through English. Proceedings of the Seminar on Best Practices and Innovations in the Teaching and Learning of Science and Mathematics at the Secondary School Level. APEC sponsored, Malaysia, July 2004. p.236-258.
Abstract : 

In expanding the use of English in the teaching of science and mathematics, the approach in education will require teachers and students to be very active in the construction of new knowledge and the expression of new understandings. This approach will need to pay very careful attention to the understandings of concepts that exist (preconceptions) before the teaching of those concepts begins. Advocated approaches to teaching will also need to explore explicitly and in great depth how those concepts change during instruction and how teachers can best play a role in assisting positive change in the understandings. For ESL
 students, this approach to education will require students and teachers to address concepts that are expressed most comfortably in a first language as well as more or less comfortably in general English and the specific varieties of English used in mathematics and science, it will require detailed understanding of the relationships between concepts and the ways in which those concepts are expressed in different languages. Fundamental to this will be the careful identification (probing) of the concepts themselves, since, as we will show in this paper, students work with many preconceptions that differ substantially from one another (misconceptions), that are at best ‘proto-scientific’, and are not yet susceptible to logical (scientific) analysis and modification. In this paper, we will exemplify a select set of procedures that can be used to both elicit students’ initial concepts and identify misconceptions, and to shape those concepts so that they move toward more effective scientific understandings.

Introduction

Across the broad fields of educational theory and research, constructivism has become something akin to a secular religion.

Phillips (1995 p5)

The amount of literature on constructivism and education is enormous. Over the last thirty years, some five thousand scholarly articles on various aspects of constructivism and education  (Matthews, 1998) have been published.  Constructivism has meant different things to different people and takes many forms. It has also been the subject of intense debates in both educational and philosophical circles (von Glaserfeld 1995; Phillips 1995; Matthews 1993; Solomon 1993, Driver 1994, Fensham et al, 1994).  The various forms of constructivism and aspects of the continuing debate surrounding it have been summarized by Matthews (1998). He categorized constructivism into three types: educational constructivism, philosophical constructivism and sociological constructivism and discussed the ethical and political dimensions of these constructs. Essentially constructivism originated from the psychological theory that studies how beliefs are developed. The concern of constructivism is not what makes these beliefs true or if they count as scientific knowledge.

 The most conspicuous psychological influence on curriculum thinking in science since 1980 has been the constructivist view of learning. 

Fensham (1992 p801)

Constructivism is an epistemology, a theory of knowledge used to explain how we come to know what we know. It is a theory about learning. In this paper we will discuss educational constructivism in more detail. Educational constructivism draws upon the other two types of constructivism, and has been highly influential in Western science and mathematics education in the last few decades. Its roots in theories of language learning precede those in the learning of science and mathematics and are now taken as ‘givens’ in attempts to explain how languages develop in their speakers.

The two notable theorists associated with educational constructivism were Jean Piaget and Lev Vygotsky. Piaget’s (1955, 1972) constructivism is also known as personal constructivism where the emphasis is on the individual. Personal constructivism is based on Piaget’s cognitive developmental theories which propose that concept formation in the individual follows a clearly defined set of stages that must be experienced by that individual. Piaget’s constructivism is also called cognitive constructivism. The underlying principle in cognitive constructivism is that knowledge resides in individuals and cannot be given or transmitted whole to learners by their teachers. Learners must construct their own knowledge in their minds and progressively build their knowledge through experiences. Real learning can only take place when the learner is actively engaged in the process, either at the operational level where the learner is engaged in physical manipulations or at the cognitive level where he/she is mentally processing incoming information and stimuli. 

Vygotsky’s (1962, 1978) social constructivism makes similar assertions to Piaget’s cognitive constructivism about the active engagement of learners in how they learn, but his theory places more emphasis on the social context of learning and in particular on the role of ‘mediating agents’ such as teachers. In his theory, the learning process involves interaction with and through other individuals where culture and society will influence the learning. A difference between cognitive and social constructivism is that in the former, the teacher plays a limited role (acts as a facilitator) whereas in the latter, the role of the teacher is active and involved in helping students to grasp concepts by guiding and encouraging engagement in activities such as group work. Central to Vygotsky’s arguments is the role of others in mediating the learner’s access to new experiences and knowledge. The mediating role of others (and how the others, the learners and the nature of their interactions is shaped by their larger and smaller sociocultural environments) is the central mechanism by which the cognitive constraints posited by Piaget are both overcome and under some circumstances potentially rendered irrelevant).  

Central to both views is the belief that the learner is active in shaping how new knowledge is taken in and shaped and, furthermore, that new understandings emerge progressively as learners develop hypotheses, test those hypotheses and re-shape their understandings on the basis of experiences. Educational constructivism, as applied in many science classrooms draws on both the cognitive and the social theories of Piaget and Vygotsky respectively.  It sees learning as a dynamic and social process where 

· students bring into the classrooms strongly established views of the world, or prior understandings, which have been formed by years of experience. The construction of these views is a result of their own personal experiences in interacting with objects or phenomena around them or by being exposed to various sources of media.   
· this prior knowledge that learners possess influences their learning process as it is unlikely that they will give up their world-views easily. 

· knowledge is constructed in individuals’ minds and learners try to make sense of what is being taught by trying to fit what is being taught to them into their pre-existing views; they are not passive recipients of knowledge 

· conceptual changes resulting from their prior understandings being challenged and revised (de-constructing and re-constructing) requires a considerable amount of  effort and does not usually occur in a single step

· the social environment is a crucial means of shaping what the learners are exposed to and, hence, have the opportunity to learn. 

The role of the teacher is to provide the students with opportunities to be actively engaged in their own learning by 

· eliciting students’ existing views on a concept

· using these views to target teaching so that teachers know where there may be a need to challenge the students’ ideas 

· providing the learners with experiences to test their ideas in order to assist them with deconstructing and reconstructing their prior views

· ensuring that teaching is student-centred where opportunities for exploration, discussions, working in groups and problem solving are made available to them. ‘Hands-on’ approaches are advocated in constructivist-based learning. 

The table below makes a comparison between constructivist methods of teaching, where student involvement in learning is highlighted, and traditional methods of teaching, where transmitting knowledge from the teacher to students is a common practice. 
Table 1. Features of traditional vs constructivist classrooms
. 
	Traditional


	Constructivist

	A good lesson follows the lesson plan and is well organized. 

	A good lesson may be partially unpredictable and does not always follow the lesson plan. 


	Science knowledge exists in books; it is taught and received by students in the forms represented in the public domain.

	Science knowledge is a construct in people’s minds and it is important that students build understandings of their own and are able to compare their understandings with that represented in the public domain.


	A call for explanations is a call for the explanations in the teacher’s mind. Students’ comments need to be guided to match these as quickly as possible with the teacher acting as the source of expert authority.

	A call for explanations is a call for the explanations in the student’s mind. These may require guided restructuring.


	Students’ existing ideas are unimportant especially if they are wrong.

	Students’ existing ideas and experiences are relevant beginning points in shaping the students’ understanding and bringing about conceptual change.  


	Good student talk involves confident, correct answers using the teacher’s/text’s phrases

	Good student talk is often tentative, hypothetical, exploratory talk and will involve periods of arguing through ‘wrong’ answers using their own language varieties.


	All wrong answers are corrected immediately and the number of correct statements/answers is important.
	Responses from students may be subject to discussions and arguments; the level of engagement in the discussion and with the nature of the concept is important.

	A social and interactive environment for learning plays little part in shaping students’ understanding of concepts. 
	Students’ interaction with peers and teacher plays a major role in the process of knowledge construction.

	Students depend on the teacher’s instructions to keep learning since  understanding may be superficial and temporary.


	Students’ independent learning is fostered and they develop a deeper understanding of concepts learnt when they arrive at them through their own (mediated) efforts. 


This paper will examine the pedagogical dimension of teaching science constructively, in a context where the language used in the classroom is not the first language of the students. We will be discussing the following in this paper:

· The importance of, and means to elicit students’ existing views/understandings. Examples of probes, drawn from the different science disciplines that can be used to elicit preconceptions and misconceptions will be discussed

· Issues with probing students’ prior knowledge in an environment where English (as the language of instruction) is a second language. The best ways to conduct probing activities in this context will be discussed.

· Implications for lesson planning, including the use of various teaching strategies to help students learn science concepts and to conceptualise in a second language. 

Preconceptions

Pooh was walking across the bridge over the river when he tripped and the fir cone which he was carrying fell into the river:

….suddenly, there was his fir cone slipping away…’that’s funny,’ said Pooh, ‘I dropped it on the other side,’ said Pooh, ‘and it came out on this side! I wonder if it would do it again?’ And he went back for some fir cones, It did. It kept on doing it. 

Then he dropped two in at once, and leant over the bridge to see which of them would come out first; and one of them did; but as they were both the same size, he didn’t know if it was the one which he wanted to win, or the other one. So the next time he dropped one big one and one little one, and the big one came out first, which was what he had said it would do, and the little one came out last, which was what he said it would do, so he had won twice.

Matthews (1984 pp 371-75), cited in Cross (1996)

This description of ‘Poohsticks’, a game that Pooh bear played, illustrates the little scientists in children. Elements of the scientific method that are demonstrated in this illustration include: observing, hypothesising, predicting, investigating and making inferences. By playing games like ‘Poohsticks’, children construct within their mental framework a view of the world. These views are termed ‘children’s science’ (Osborne 1980, Gilbert et al. 1982) and are defined as ideas children form about how and why things around them behave in the way they do. Children form these ideas in order to make sense of the world they are in. These views are not necessarily the same as the views that we teach as science. Hence these early views are also known as preconceptions or prior knowledge. Such understandings exist in adolescents at the secondary school levels as much as they do in primary children even though as adolescents, according to Piaget’s (1955) stages of cognitive development, students are able to process more abstract types of thinking. That students come into our classrooms with a world-view, established from prior experience and learning is one of the underlying assertions of constructivism, whichever form it may take. Students are emotionally attached to these views and to restructure them takes a considerable amount of effort. The emotional attachment reflects the fact that these preconceptions ARE the ways in which the students understand the world. They are not willing to give up their view of the world without good reason and without evidence that they regard as satisfactory; in this they are much like adults. Hence, constructivism promotes approaches to teaching that engage the students’ thinking processes and preconceptions so that the students can understand how the new experiences will lead them to beneficially restructure their existing understandings and help them to understand what these restructured understandings represent. 

Students' prior knowledge of phenomena is an important part of how they come to understand school science (Driver 1989). They construct meanings of phenomena in ways that suit their own experiences and expectations. Their interpretations often do not accord with accepted scientific views and teachers who teach ‘objectively’ do not always recognise the cognitive conflict that has to be resolved within a student’s mind – the conflict between the science taught at school and the science that has already been constructed out of their own real life experiences.  Preconceptions that are non-concordant with scientific explanations or theories are classified by scientists as misconceptions. Misconceptions are often also referred to as alternative conceptions, that is, reasoning about a science concept that differs from the acceptable body of scientific knowledge.  As the term ‘alternative conceptions’ implies, misconceptions reflect processes of logical reasoning. They make sense; just not the sense of accepted scientific logic, because the evidence on which they are based is not that of standard science. Nevertheless, misconceptions are the result of the same kinds of scientific processes as standard science.

Misconceptions in science 

Duit (2002) has compiled a bibliography based on a collection of some 6000 papers that are largely related to students’ pre-instructional (alternative) conceptions. Misconceptions in almost every area of school science have been identified from the extensive research that has been carried out in this area in the last three decades. Here we would like to note the distinction between pre- and post-instructional misconceptions. Post-instructional misconceptions are different from those brought into the classroom by students prior to instructions and can include those responses that have been deemed incorrect in exam type questions (Yip, 1996). Pre-instructional misconceptions are contained within a theoretical framework that students have constructed on their own about how the world around them works. Students are attached to these misconceptions and need to be actively engaged in their own de-constructing and re-constructing of the meanings in order to bring about conceptual change.  Table 1 in the appendix section of this paper shows some examples of misconceptions in different areas of science. 

In the post-instructional type of misconceptions, for example, where correct answers are sought under exam conditions, students’ conceptual understanding is often a measure of how well the connections that students make and the evidence that they see matching that of the teacher’s.  It would be appropriate and interesting to find out at what point of the students’ learning (and teacher’s instruction) the ‘misconceptions’ that are detected in the examination paper occur since this discovery will provide insight into the students’ reasoning processes and the learning and teaching processes that have highlighted specific parts of the evidence and logic at the expense of other parts. More formal and informal assessments during instructions, as suggested by Yip (1996) are required to monitor this type of misconception. Probing of this kind assists teachers to predict and in certain circumstances prevent the development of post-instructional misconceptions. Probing during instruction needs to build on probing prior to instruction beginning. The probing of prior knowledge is a necessary (but insufficient) part of assisting teachers to plan lessons that will aid in alleviating misconceptions.

Probing prior knowledge

Teachers cannot be expected to “know” what their students are thinking about concepts that the teacher is intending to introduce. The students’ preconceptions reflect their experiences of the world and the ways in which the world is talked about around them. In order for the teacher to be able to engage with the students’ preconceptions, the teacher must first probe the understandings that the students have and seek to understand the reasoning processes that the students have used to arrive at their conclusions.

There is a variety of methods that can be used to probe students’ prior knowledge. They can be verbal, written, visual, graphic or dramatic. They can involve students working on their own, in pairs or in small groups. The students can demonstrate, describe or draw their understandings. Probes seek to elicit the different understandings that students have of the concepts that are to be explored in a given lesson or unit of work. Probes are designed to help the teacher understand WHAT the students are thinking and WHY they think what they do. Probes are not tests.  Probes do not try to elicit factual information such as ‘correctly’ naming the parts of a plant or giving the chemical reaction that takes place in a test tube. Instead students are probed for their views on, if we take the example of a plant, what they think a plant is by asking questions such as those in the table below:
	Say which of the following you think is a plant and give reasons why.

	
	Is it a plant? (yes or no)
	Why?

	a) Carrot
	
	

	b) Grass
	
	

	c) Leaf
	
	

	d) Daisy
	
	

	e) Cabbage
	
	

	f) Seed
	
	

	g) Tree
	
	


Bell (1981) cited in Osborne and Freyberg (1985) has shown the diversity of views that 10-15 year old students have on what constitutes a plant. Across the age range, there were students who classified plants as things that are cultivated, hence grass and dandelion were not plants but instead weeds that grew wild. Alternatively, carrots and cabbages were not considered plants as they were vegetables. A further view is that a tree is not a plant and a seed is not a plant because it does not consist of plant material. 

Another example of a probe (shown in the Appendix) that yielded a range of preconceptions is one that we conducted with year 8-10 students on dissolving sugar. Ten students at each year level were asked to represent diagrammatically what they thought happened to sugar crystals as they disappeared into water. As shown in Figure 1, the diversity of existing ideas ranged from sugar totally disappearing in the water to the sugar particles being distributed in different areas of the container and in different combinations with water particles. Misconceptions of dissolution have been widely studied (see review by Barker, 2000) with school age children and include ‘disappearing’, ‘melting’ and ‘no change in mass’.  Cultivating sensitivity to students’ diverse views on a topic or experience is an important aspect of probing that teachers need to consider.

  
What we have just discussed are two ways of probing students – the first uses a questionnaire and the second asks students to represent their thinking using drawings. An important feature of each probe is that it is open-ended. While there may be correct ‘scientific’ responses for each of the items, the critical feature of a probe is that it does not seek to compare student responses to ‘scientific’ ones. Rather, students are encouraged to explain their own concepts and to outline the evidence that they have attended to in developing those concepts. In both cases, the questionnaire and the drawings, a critical phase of the probe is when students are asked to DESCRIBE and EXPLAIN their answers either to other students or to the teacher or to the whole class. At this point, the descriptions and explanations can be done in any language that helps the students to make their thinking clear to others.

There are other designs of probes for science: 

· ‘ticking’ the boxes  for example, categorizing a range of materials as chemicals or containing chemicals
· completing a diagram for example, draw in the lines or light rays to show how we see an object
· multiple choice type questions for example, Are the properties of slime those of a  (i) solid (ii) liquid (iii) gas (iv) none of the above.
· short open type questions for example, Jelly crystals dissolved in hot water will not set when placed on the kitchen bench at room temperature. Is this true? Explain. 
· visualizing pictures for example, a picture of a carnival and circling things or places where water is present
· oral probes using an interview-type format or  small groups discussions followed by whole class discussions

Probes that are in diagrammatic forms are more appropriate initially for students who are not so proficient in English as they can express their understanding without the students having to use too much of the language and can be used to help the students explain what they are thinking because they can point to their own pictures to help them make their meanings clear. The questionnaire probe could be carried out in ways that require less of the language by asking students to group the items in one of two columns ‘plant’ and ‘other’ and then work in groups on reasons why.  Group discussions can be carried out in any language and oral reports encouraged to be given in the English language, beginning with students who are more proficient in it. The emphasis in using probes is to provide flexible and supportive ways in which students can communicate their understandings to other students and to the teacher.

Cummins (1984) has elaborated a framework that lets us plot different relationships between the intellectual challenge of a task and the support that is available to (second language) learners to interpret and manipulate the task. The framework is presented in Figure 1. The implication of the  diagram is that particular concepts can be located at the intersection of one dimension that identifies the degree of challenge they contain and a second dimension that identifies the degree of contextual and concrete support that is available to the learner. Concrete support can be in the form of visuals or physical realia that support/make clear the meaning that is being talked about. This is measured on
Figure 1. Cummins (1984)’s framework for the relationships between the intellectual challenge of a task and the support that is available to (second language) learners to interpret and manipulate the task.
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the horizontal dimension. The vertical dimension identifies the transparency or challenge of a concept. Thus, using visual probes with pictures, such as getting students to identify by circling places/objects with water using a series of pictures or a photo of a carnival, to find out students’ prior views is conceptually transparent and highly contextualised and consequently located in the lower left quadrant. The use of probes that are open-question type or oral are both conceptually challenging and decontextualised and located in the upper right quadrant. In teaching and learning in an unfamiliar language, tasks should begin with those drawn from the lower left quadrant and move either vertically or horizontally but progressively toward the upper right quadrant. Hence a teacher using probes for the first time with students learning science in a second language should begin with visual probes or single word items which students are familiar with. 

Teaching constructively 
The concept of forces is abstract and difficult for many students. There are forces acting on objects everywhere around us – on land, in the water and in the air. The forces acting on a stationary object near the Earth are vertical - for example a ball sitting on a table. There is a downward force due to the effect of Earth’s gravity  which is attracting the object towards the centre of the Earth, but which is balanced by an equal force pushing up from the table top (Newton’s Third Law of Motion: For every action, there is an equal and opposite reaction). For a stationary object to start moving, a lateral force has to be applied (see Figure 2). The forces acting on objects on land as shown in Figure 2 are essentially the same as those acting on objects in the air and in the water. However, there are other
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factors in the air and water that make the concept of the forces acting on objects in these environment less easily comprehensible by students. In water, the ‘upthrust’, or buoyancy force, arising from the water the object has displaced plays the same role as the reaction force from a solid surface in providing an upward force to balance the downward force on the object due to the Earth’s gravity. In the atmosphere forces are essentially the same as in water: upthrust from displaced fluid (air) and downward gravitational force. The additional factor to consider in the atmosphere is that the fluid (air rather than water) is compressible and so its density varies with depth (or ‘height’, depending on one’s point of view as to ‘starting point’). This means that the upthrust from a fixed volume (e.g a rigid balloon) varies with height; and hence there is a particular height at which upthrust and weight (weight is the downward gravitational force) are balanced – the object can float within the fluid, rather than just at the surface (the case with water and other liquids. 

Probes can be designed to elicit students’ prior views on the science behind objects in water and in the atmosphere and there are strategies to teach these concepts effectively, but it is beyond the scope of this paper to go into the details of the theory and pedagogy behind these teachings. What we wish to illustrate in this last part of the paper is the use of a probe to elicit lower secondary (year 7 and 8) students’ preconceptions on the concept of ‘floating’ and its relationship to the meanings of ‘forces’, to make explicit some misconceptions (or alternative conceptions) and to illustrate the use of simple hands-on approaches to help students learn constructively. 

Eliciting the notion of floating 

The ‘floating’ probe in the Appendix consists of a series of diagrams to get students thinking about everyday situations where floating may or may not occur, depending on what their pre-existing views on floating are. The probe could be conducted as a written probe where students tick those diagrams in which they believe floating is occurring and then could be asked to write down reasons why they consider them to be floating and the others not. They then get into groups of 3-4 to compare their responses and argue to defend their positions. Each group has to come to a consensus for each of the diagrams, noting down the most reasonable explanations for them. They then have to come up with a definition for ‘floating’. Each group takes a turn to report on what they have agreed on and write their definition of floating on the board. Students are now free to dispute or agree and to comment on the other group’s definitions. By allowing the students to work in this manner, they take ownership of the learning and are thinking about their own meanings about the concept of floating and revising their own preconceptions as they listen to other students’ arguments. This mode of learning concurs with Vygotsky’s (1962, 1978) learning theory of social constructivism where students learn best in a social context in which the role of others is important in mediating the learner’s access to new experiences and knowledge.

Alternatively, the probe could be done as a class, led by the teacher. After students have ticked those diagrams in which they think floating is occurring, the teacher goes over each diagram and asks for a show of hands from those students who ‘agree’ that the diagram depicts floating or ‘disagree’ that it is not or take a ‘don’t know’ stand. The number of responses for each attitude category is counted and the totals put on the board. The teacher then calls for explanations from the students to defend the positions that they have taken. The teacher’s role in conducting an oral probe is normally to act as a chair. However, on occasions there is also a need for intervention, to challenge some of the arguments of the students in order to get them to explain their thinking more. At no point should the teacher be providing the students with the ‘correct’ explanations or forcing them to publicly acknowledge that their thinking is ‘wrong’. 

The concept of ‘floating’ is difficult to define. Some students will define an object as floating if it is sitting on top of or just below the surface of the water. Other students will define an object as ‘floating’ if it is not sitting at the bottom of the container or ocean floor. The former definition will exclude objects like the fish and submarines, the latter will consider that the fish and submarine at different depths of the ocean as floating. In discussions such as these it is likely that a consensus for defining ‘floating’ will not be reached. But they serve as good starting points for students to express their views so that they are consciously aware of their own views about a concept. This is important in the construction of new knowledge as change can only occur after recognition of their current thinking followed by the personal identification of problems associated with that thinking.  

Introducing the concept of forces 

Students at the lower secondary level may or may not relate forces to floating in the probe activity described above. They know about pushes and pulls and can relate well to pushing a door open or pulling in a tug-of-war game as forces being applied. By the time they come to secondary school, they are familiar with the concept of gravity and understand that objects are pulled down by forces of gravity. What is more difficult to conceptualise is the upward force exerted by passive objects such as a table on a book that is sitting on top of it or that there is an upward thrust exerted by water (buoyancy) on objects at its interface. 

To introduce the concept of buoyancy or upward thrust by the water, blow up a balloon and put it in a bucket of water. The students will not dispute that the balloon is floating. Get each student to come up to the bucket and push the balloon into the water. Get them to describe what happens when they pushed the balloon into the water. What did they feel? The pushing up by the water will be very evident in this activity. They should be able to describe that the balloon is floating because its downward force (due to gravity) is less than that of the upward force exerted by the water. Getting them to experience this upward force enables them to understand the concept of upward pushes by different surfaces.  

The concept of upward pushes by passive objects such as the ground and the table is abstract and the experiencing of these forces is not as evident as with the pushing of the balloon into the water. To illustrate that a book sitting on a table is indeed supported by an upward force exerted by the table, use a thin piece of wood that is long enough to be held on both sides by students and weights (such as books) being piled in the centre of the wood. As the weights in the center of the wood increases, the bending of the wood indicates that the downward force of the weights is increasing over the upward force of the thin piece of wood and when the downward force is greater than the upward force exerted by the wood, the piece of wood will break.  As students watch this demonstration, they are actively constructing the concept of forces of different strengths exerted by the different objects. The students will probably use words such as ‘strong’ or ‘thick’ or ‘tough’ to describe their perceptions of events – it is in the exploration of the differences between the meanings of these words that the concept of force will emerge.

Alternative conceptions on forces and floating

A number of misconceptions on forces and motion have been identified (Halloun and Hestenes, 1985). In the Appendix of this paper a few misconceptions associated with floating are listed. In addition to those listed, common misconceptions include:

· if something floats it must be on top of the water. If depends on how floating is defined in this case. Surface tension is able to support light objects, for example the dragonfly resting on the surface of water is supported by surface tension and does not break through the surface of the water. 

· all objects containing air float. This could be easily tested out by placing a closed empty glass jar into a bucket of water. The air inside the jar does not help keep the jar afloat. It is the overall density of the jar that matters. If its mass divided by its volume is greater than the density of water (1 g per ml) it will sink. 
· a heavy object will not float in water regardless of its shape or size. This is not true as ships weigh hundreds of tonnes but float easily on water. The shape of the heavy object is a determining factor in floating. A simple constructivist activity to prove this is the use of plasticine – squash one lump into a ball and drop it into water and it will sink. Spread and mould the same lump of plasticine into a boat-like shape and it will float. It is the density of the object that matters. If the volume of the plasticine can be increased to the extent that its density is less than water, then it will float. 

· an object will float higher  in a bigger volume of water.  The volume of water does not matter. This could be easily demonstrated by using different sized beakers to hold different volumes of water. Place a small plastic container in the water of the first beaker and mark where the water level reaches on the side of the plastic container.  Repeat this with the other beakers of water and compare the positions where the water level reaches on the side of the plastic container in each case.

Having identified misconceptions, getting students to devise hands-on activities to prove (or disprove) their prior views would be an effective way of constructing new knowledge. 

Active construction of understanding of the concept of density

Our belief is that it is not as crucial for students at the secondary level to be able to define what ‘floating’ is as to be able to understand concepts such as density and buoyancy affecting objects in liquids.  A constructivist way of looking at floating, sinking and their relationship to density is to carry out predict-observe-explain (POE) activities using everyday materials that students are familiar with. An example of such an activity involves exploring whether or not oranges float.

· Predict what will happen when an orange with its peel on is placed in a large jug of water. Observe what happens by placing the orange into the water (use of a glass or clear plastic jug would make the observation by the class easier).  Explain the behaviour of the orange. 

· Slit the orange peel in 4 lengthwise and peel the orange in such a way that you get  4 pieces of peel for later use. Now predict what will happen when the same orange is peeled and placed in the jug of water. Observe what happens when the peeled orange is placed in the water. Explain the difference in behaviour of the peeled and unpeeled orange in water. 

· Wrap the peel over the orange and hold the peel together with a rubber band. Now predict what will happen when this is placed in the water. Place the orange into the water and observe. Explain. 

By getting students to make predictions before doing an activity, they are engaged in the thinking process and recognizing their own positions on the phenomenon. By carrying out the activity, they are placed in a position of agreement or disagreement with their preconceptions and by offering explanations and listening to others, they are actively engaged in forming or re-forming new understandings. The explanations will inevitably bring up the concept of density even if this concept is expressed in very different language (e.g. ‘heavy’, or ‘thick’ or ‘fat’). It is important that students are engaged further with the construction of meanings for density by actually carrying out the calculation processes. They weigh the peeled and unpeeled orange and find the volume of both states of the orange using the displacement method in which the orange is immersed in water. They then carry out the calculations of density = mass/volume and show that the density of the unpeeled orange is indeed less than one and that is why it floats in water while the peeled orange has reduced volume and, peels being light, the mass of the orange would not be expected to change considerably once the peel is removed. The density of the peeled orange is now more than that of water and hence it sinks. Wrapping the peel over the orange again makes it floats in the water and an analogy could be made with the person with a life jacket floating – due to an increase in volume of the person wearing the life jacket, the decrease in density leads to an increased ability to float. 

A similar hands-on activity to that of the orange is to do POEs on a normal can of coca-cola and on a can of diet coca-cola.  The can of normal coca-cola will sink while the diet coca-cola will float. Students will likely relate the behaviour of the different kinds of coca-cola to the sugar content. They could conduct research on the types of sugar that go into the two types of coca-cola and come back to the class with an explanation. If students weigh the two cans of drinks, they will find a substantial difference in mass. Artificial sugar that is used in the diet version of the soft drink has a sugar sweetness factor between 200-500 times that of cane sugar. In other words for the same sweetness, you need 200-500 times less mass of the artificial sugar. As with the orange activity, students should calculate the density of each can of drink and relate the result obtained to the density of water. 

The orange and coca-cola are simple activities to motivate and stimulate students’ learning of science concepts. In these two activities, the density of the water remains the same. By stirring in salt into the water, the density of water will increase and if an object, such as an egg, was placed in the water prior stirring in the salt, it will float when the density of the salt solution becomes higher than that of the object. The density of the salt solution could be determined by weighing one ml of the solution. Another hands-on POE type activity to demonstrate density is placing ice cubes in water and methylated spirit. 

Conclusion
The learning about forces in water and other liquids as described above embraces the constructivist mode of learning. The approach to learning in this way is hands-on and students are actively engaged in the learning process by manipulating objects as well as articulating their thinking and discussing/listening to what their peers have to say. The guidance and appropriate intervention of the teacher is crucial in helping students learn constructively. In a constructivist classroom, the interest in learning and motivation of students will be increased as they have ownership of their own learning. 

The key ideas behind constructivist learning involve encouraging students to express their understandings of concepts and then to negotiate those understandings with peers and their teachers. Clearly, this approach therefore involves substantial use of language – both spoken and written. It also has the potential to involve more than one language for those students who are able to express themselves bilingually. The notion of a preconception implies that the understanding (meaning) that the students have may not be that of standard science. As they attempt to explain their understanding, compare it with the understanding of other students and explain both to/with the teacher, so they are forced to make their language more precise – in both the meanings and the structures. For example, students will more easily come up with terms such as ‘heavy’ and will need to struggle to find the subtle differences between ‘heavy’ and ‘dense’. They will similarly, need the help of their teachers in moving from terms like ‘push’ to expressions such as ‘exerts force on’. In learning about these concepts, they are forced to make their meanings more sophisticated, and to do this, they will have to use more sophisticated grammar. To move from ‘push’ to ‘exerts force on’ the students will have to cope with explanations such as ‘A person can push a car but a table cannot push a book. Only things that are moving can ‘push’ in this case.’ The more complicated grammar that is in this kind of sentence will need to be both modeled by the teacher and used by the students to come to a full understanding of the science that they are learning. It is in this way that the learning of science and the learning of English combine and reinforce one another.

This approach also requires the teachers to be sensitive to the different meanings that can be hidden behind and between the expressions that the students use. Thus, in seeking to move  to an approach that uses a new language in the teaching and learning of science, the teachers, too will have an opportunity to re-visit their scientific conceptions and to explore their meanings.
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Table 2. Examples of science misconceptions

	Forces and Fluids

1. Objects float in water because they are lighter than water. 

2. Objects sink in water because they are heavier than water. 

3. Mass/volume/weight/heaviness/size/density may be perceived as equivalent. 

4. Wood floats and metal sinks. 

5. All objects containing air float. 

6. Liquids of high viscosity are also liquids with high density. . 

7. Pressure and force are synonymous. 

	Properties of Matter

1. Gases are not matter because most are invisible. 

2. Gases do not have mass. 

3. The spaces between particles is not empty.

4. Air and oxygen are the same gas. 

5. Expansion of matter is due to expansion of particles rather than to increased particle spacing. 

6. Particles of solids have no motion.  

7. Materials can only exhibit properties of one state of matter. 

8. Particles possess the same properties as the materials they compose. For example, atoms of copper are "orange and shiny", gas molecules are transparent, and solid molecules are hard. 

9. Melting/freezing and boiling/condensation are often understood only in terms of water.

  

	Condensation and Boiling

1. When water boils and bubbles come up the bubbles are air. 

2. The bubbles are oxygen or hydrogen. 

3. The bubbles coming up from boiling water are heat 

4. Steam is hot air

5. Condensation on the outside of a container is water that seeped through the container itself (or sweated through the walls of the container).  

6. The coldness comes through the container and produces water.  

7. Condensation is when air turns into a liquid 

	Plant Nutrition

1. Plants obtain their food from the environment in the same way as animals, i.e. ready made

2. Plants take in all food through their roots

3. Food for plants includes anything they take in e.g. air, water, fertilizers and sunlight.




Figure 2. Graphical representations of students’ preconceptions of ‘dissolving’.


Appendix

Table 1. Examples of science misconceptions

	Forces and Fluids

8. Objects float in water because they are lighter than water. 

9. Objects sink in water because they are heavier than water. 

10. Mass/volume/weight/heaviness/size/density may be perceived as equivalent. 

11. Wood floats and metal sinks. 

12. All objects containing air float. 

13. Liquids of high viscosity are also liquids with high density. . 

14. Pressure and force are synonymous. 

	Properties of Matter

10. Gases are not matter because most are invisible. 

11. Gases do not have mass. 

12. The spaces between particles is not empty.

13. Air and oxygen are the same gas. 

14. Expansion of matter is due to expansion of particles rather than to increased particle spacing. 

15. Particles of solids have no motion.  

16. Materials can only exhibit properties of one state of matter. 

17. Particles possess the same properties as the materials they compose. For example, atoms of copper are "orange and shiny", gas molecules are transparent, and solid molecules are hard. 

18. Melting/freezing and boiling/condensation are often understood only in terms of water.  

	

	


Examples of Probes:  (I) Dissolving sugar
(II) Is it floating? (Source:  Loughran & Penna, 2001, p19)

Do you think each drawing represents floating?   If yes, tick ( in right box;  if no cross ( in box 





A person swimming





A stone skipping across the water surface





A speedboat moving
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Action force due to gravity
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Engine, via transmission, causes wheels to rotate


Action force: wheel pushes on road


Also: frictional force between wheels and ground





Frictional force due to air resistance
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Reaction force: road pushes on wheel. This drives car forward
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An Apple





Iceberg





Still fish (not moving)





Person swimming
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A log just under the surface of the water





A submarine
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A still fish
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A person wearing a life jacket





An Iceberg
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(b)





Action force due to gravity





Reaction force: upward push by ground





(a)





Reaction force: upward push by table





Figure 2. Forces acting on (a) stationary object (b) moving object
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COGNITIVELY DEMANDING 








COGNITIVELY UNDEMANDING 








� English as second language


� Adapted from Loughran & Penna (2001) and Widodo et al (2002)


� Web-based references last retrieved on 15.6.04
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Sugar in Water


Chemistry at the Macroscopic level (What you observe)


· A teaspoon of sugar is stirred into a beaker of water. Describe what happens.


Chemistry at the Microscopic level  (What happens at the atomic or molecular level?)


· Complete the diagram of what happens to the sugar and water particles after the sugar has been stirred into the water.

          Sugar particles






                                              




              




                                                                                              








                                                                     










       Water particles



