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1. Relevance

Relevance to curriculum/syllabus

Relavance to everyday life/history

 (a) Relevance to curriculum/syllabus: The existence and persistence of students’ alternative conceptions in science gave rise to different research efforts to identify conditions that encourage or drive accommodation (e.g., Posner, Strike, Hewson, & Gertzog, 1982).  Dissatisfaction with current conceptions acts as a catalyst for accommodation to occur provided that the new conception is intelligible, plausible, and fruitful. Thus, certain ideas seem extremely important for constructivistic teaching/learning: Some of these ideas are stated below:
1. Learners’ conceptions should be initially identified and presented to the whole group, so that the participants (teachers or prospective teachers) will be familiarized with the variety of existing conceptions among any group of learners.

2. Any of the existing alternative conceptions or (mis)conceptions constitutes learners’ explanatory frameworks and should be taken into consideration for inducing conceptual change through presenting discrepant events conflicting a learner’s conceptions.

3. Learners’ conceptions should be somehow made public, so that learners’ are familiarized with the spectrum of the existing (pre)conceptions, and, consequently, these should be challenged through specific experimental results, in an attempt to foster cognitive dissonance that will trigger the cognitive processes (assimilation and accommodation) for dissolving this conflict. 

(b) Relevance to everyday life/history:  Personal construction of knowledge occurs through the interaction between the individual’s knowledge schemes and his or her experiences with the environment.  The primary mechanism for cognitive growth is the learner’s interactions with their physical and social environment. This description focuses on the psychological process of equilibration and reflects the Piagetian perspective or the cognitive perspective in general.  
The content of the present module and the teaching / training strategies or approaches will be clarified by describing an indicative sequence of steps that should be followed during any constructivistic teaching/learning approach. This sequence clearly represents the basic principles of socio-cognitive constructivism and how to implement them, by providing specific examples:

2. Method / Tool for diagnosis of initial conceptions (PK)

e.g., concept mapping, questioning (dialogue), think-and-draw, recounting (student monologue)

In this module, individual students or a whole class can follow a process where the researcher may use several combinations of the four identical cylinders in Figure 1. 
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Figure 2. The Four Cylinders that Were Used in the Study

Two of the cylinders contained equal volume of water-like liquids (A and B) and the other two cylinders contained a larger quantity (volume) of water-like liquids (C and D). In each cylinder, there was an egg that was either sinking (B and D) or floating (A and C). Two of the cylinders contained tap water and the other two contained salt solution. The students were not informed at any point about this difference, while there were no observable differences among the liquids in the four cylinders. The four cylinders were hidden from the students, but the researcher had easy access to them and to other materials (i.e., salt, tap water, salt solution etc).

Initially, individual students or a class may be presented with the combination of cylinders B and C, where the two identical cylinders contained colorless liquid(s) in different quantities. Cylinder B contains less liquid and a sinking egg, while cylinder C contains more liquid and a floating egg, as indicated in Figure 2. 
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Figure 2. Two identical cylinders containing different quantities of colorless liquid(s), where an egg is either floating or sinking. 
After the presentation of the two cylinders, learners will be asked to express their existing conceptions in an attempt to explain and justify the floating/sinking of each egg. For example, they may be asked to state in writing their conceptions relating to the specific scenario, or they may discuss in a whole group their conceptions. Foe example, students may be called upon answering different open-ended questions around the following four issues:  

1. Why do you think the egg is sinking in Cylinder B?

2. Why do you think the egg is floating in Cylinder C?

3. What do you think will happen, if I switch the eggs in the two cylinders?

4. What do you think will happen, if I add some colorless liquid in Cylinder B, so that the quantities of liquid in both cylinders are the same?
The purpose of this phase relates to the extraction of detailed information about students’ ideas concerning sinking and floating. Students should not be allowed at this stage to conduct any experiments, but they will be encouraged and prompted to externalize their understandings about sinking and floating.  

3. Activity / behaviour that generates cognitive and/or emotional conflict (CC)

This could be part of the practical activity or recalling an experience incongruent with their observation; discussion/dialogue

After the identification of students’ initial conceptions about the problem presented in Figure 2, several tactics can be used in an attempt to challenge students’ expressed ideas relating to the situation of the two cylinders. The different steps of this strategy should be aligned to each student’s conceptions, as these will be expressed during the first stage. For example, when a student will express the conception that the larger quantity of the liquid in cylinder C is causing the egg to float, then the researcher can present discrepant information using another combination of cylinders, such as,  cylinders A and D, cylinders A and B, or cylinders C and D. The researcher can also pour more tap water in cylinder B, or even pour out some liquid from cylinder C. 

Alternatively, when students attribute floating/sinking to any difference between the two eggs (i. e., one being bigger than the other, or one being boiled and the other un-boiled), then the researcher can prompt the students to exchange the two eggs in the two cylinders (B and C), or put the same egg alternatively in both cylinders challenging them to compare the outcome with his initial ideas/explanations. These and other similar tactics should be used to challenge students’ alternative (incorrect) ideas explaining the difference between the two cylinders (B and C), and provide evidence contrary to their explanations. 
It is thus expected that students will realize the discrepancy of their initial conceptions and the subsequently presented evidence, and will be interested in bridging this discrepancy with the help of the researcher who can go on with a short intervention.  During the intervention, the researcher will not only discuss with each student his/her ideas and feelings, but they will be both involved in experimentation for testing each student’s ideas and finding out the factors affecting sinking and floating. 

4. Activity / behaviour that helps learner restructure his/her ideas (SC)

This is usually the practical activity itself; discussion/dialogue
Several teaching strategies for challenging students’ conceptions are consequently presented in an attempt to provide specific examples and clarify the whole approach. These strategies or experiments should be always dependent on the specific alternative conception, as it is exemplified in the following experiments, where different learners’ conceptions from the previous literature are considered: 

Challenging Students’ Ideas Aligned with the Object Hypothesis
 In the first category, students express the belief that some objects have or acquire the property of floating, and that this property is totally unrelated to the kind of the liquid where these objects are immersed. These students clearly state that these objects resemble to boats, ships, or other floating things. Thus, they attribute the floating/sinking phenomenon exclusively to attributes of the specific objects, such as, their mass, volume, distribution of their mass, or their temperature, or they support the object hypothesis, as we call this group of ideas.
· Kind (density) of an object. In some cases, primary and/or secondary school students suggest that the determining factor for floating/sinking is exclusively the kind of object, that is, floating or sinking is an exclusive property of the objects. Thus, objects have the property to either sink or float irrespective of the kind (density) of the liquid to which they are immersed in. This idea can be challenged by immersing the same object in two different liquids, so that the object floats in one of them and sinks in the other. For example, a piece of candle can float in water, but it sinks in alcohol.

· The eggs are different (i.e., one egg is boiled but not the other). For those learners who expressed this explanatory framework, discrepant information can be presented by exchanging the two similar eggs in the two cylinders, or even by alternatively putting the same egg in the two cylinders in Figure 2. 
· Mass (volume or size) of the object: Research evidence indicates that a prevalent conception among primary and/or secondary school students relates to the idea that whether an object floats or sinks depends on its mass (volume or size). This conception can be challenged, for example, by immersing a big object in liquid and by immersing next progressively smaller pieces of the same object in the same liquid (i.e., a big piece and very small pieces of wax in water or in alcohol, alternatively). The outcomes of these simple experiments can clearly indicate that the mass of an object alone does not determine whether it will sink or float.

Challenging Students’ Ideas Aligned with the Liquid  Hypothesis
Other students usually attribute the sinking/floating phenomenon exclusively to several attributes of the liquid, such as, the quantity, the temperature, or the quality of the liquid, or support the liquid hypothesis, as we term this group of ideas.  From this perspective, sea water is a liquid where objects float irrespective of their properties (mass, volume, shape etc.)
· Quantity of liquid. In most cases, learners think that the quantity of the liquid causes the different outcome in Figure 2. In such a case, the outcome of specific experiments may cause cognitive disequilibrium. For example, by decreasing the quantity of the liquid in cylinder B, so that it will become equal to the quantity of the liquid in cylinder A, in Figure 2. Other examples include the presentation of any information that contradicts the idea that the quantity of a liquid affects the sinking/floating of an object. More specifically, some combinations of two cylinders in Figure 2, such as, A and B, C and D, A and C, or B and D, contradict the specific conception and constitute discrepant events that may create cognitive conflict and trigger conceptual change.  
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Figure 3.  Floating/sinking is not exclusively dependent on the amount of liquid.

· Kind (density) of the liquid. In many cases, primary and/or secondary school students insist that the determining factor for floating/sinking is exclusively the kind of liquid. Thus, they insist, for example, that any object in cylinder A will sink, and any object in cylinder B will float. This conception expresses an over-generalized conclusion from a limited set of experiences. In such a case, different objects that can either float or sink (i.e., a piece of metal, a piece of wood etc.) can be put in cylinder containing tap water or any other liquid. For example, a piece of wax, a piece wood, a coin etc. can be put in a container where water was poured in. 

Refining Students’ Ideas Aligned with the Liquid-object Hypothesis
Finally, other students consistently attribute floating/ sinking to properties of both the liquid and the object, and their interrelation. We analogously term this category of ideas as belonging in the liquid-object hypothesis
i. How can you make the egg in a cylinder, like the one below, to be floating? 
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Learners should be allowed to propose and test their existing ideas (i.e., adding more water, using a wider cylinder) and should be finally guided to compare the water in the cylinders in Figure 2. They can for example taste it, or measure the mass of equal quantities of liquid from each cylinder, so that they will be sensitized that one of the cylinders in Figure 2 contains salt water. They should then be guided to find out (a) how the amount of salt in the same quantity of water affects sinking and floating of the egg, (b) whether the floating/ sinking pattern for other objects (i.e., a piece of wood or a piece of metal) resembles the floating/sinking pattern of the egg, and (c) what kind of differences exist and why. 

ii. Do different objects of the same volume (i.e., identical cubes from different material, such as, wood, candle, plastic, aluminium etc) follow the same pattern of sinking/floating in the same liquid?
Learners should be guided to compare the mass of the cubes and reach a conclusion explaining the differences. They can also compare the pattern of sinking/floating when the same cubes are immersed in different liquids.

iii. How does the mass of an object relates to sinking/floating provided that the volume remains constant?
Learners can use floaters of equal volume having progressively increasing mass (i.e., floaters of equal volume from plastic tubes closed from both sides and containing different amount of material, such as sand, so that some sink to the bottom and the others float totally of partially immersed in water. The learners should be guided to reach the conclusion that “objects having the same volume have higher tendency to float as their mass decreases, while objects of more mass have higher tendency to sink.”

For example, when the 7 cylinders presented in the Appendix (a) are immersed in tap water, then the total pattern of sinking/floating appears as in Figure 4. 

[image: image15.emf] 

6  


Figure 4. The Seven Cylinders in Appendix (a), when Immersed in Water

iv. How does the volume of an object relates to sinking/floating provided that the mass remains constant?
Learners can use floaters of equal mass having progressively increasing mass (i.e., floaters of equal volume from plastic tubes closed from both sides and containing different amount of material, such as sand, so that some sink to the bottom and the others float totally of partially immersed in water. The learners should be guided to reach the conclusion that “objects having the same mass have higher tendency to float as their volume increases, while objects of smaller volume have higher tendency to sink.”
For example, when the 7 cylinders presented in the Appendix (b) are immersed in tap water, then the total pattern of sinking/floating appears as in Figure 5. 
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Figure 5. The Seven Cylinders in Appendix (b), when Immersed in Water

v. Based on the results from iii and iv, learners could be prompted to predict the position of the cylinders in Appendix (c) when these are immersed in water. 

What kind of information is needed? Do learners understand the process of prediction and how it is different from guessing? How these processes relate to the nature of science? Learners should be guided to discuss these ideas and compare their predictions with the outcomes of immersing each of the four cylinders in water, as it is shown in Figure 6. These comparisons, depending on students’ conceptual progress, may constitute new anomalous situations and trigger another cycle of conceptual change. Conceptual change is not usually a sudden even or an all or none process, but it is rather a continuous and long process.


Figure 6. The Pattern of Floating/sinking of the Cylinders in Appendix (c) 

vi. When an object immersed either in a liquid or a gas (air) sinks or floats partially or totally immersed? 
Similar balloons containing either air or helium can be used. The floating helium balloon can be made to sink by externally putting on it different amounts of sticky material, so that it will sink or balance in the air. Students should be guided to understand that on the balloon act two opposite forces, that is, the weight (downward direction) and another force having upward direction (up-thrust), and that their relative magnitude determines whether the balloon will sink, balance in the air, or move upward (floating).

vii. When the same object (i.e., an egg or a floater) sinks, balance or float in salt water? Or how the amount of salt dissolved in water determines whether the same object (i.e., an egg) sinks balances or floats? Learners should be allowed to propose and test their existing ideas by progressively dissolving more and more salt in a container of water (without changing the amount of water) until saturation will occur.  (Saturation also relates the temperature of water. Consequently, how the temperature of a saturated solution affects floating and sinking can be furthermore examined.)

viii. Archimedes’ principle (Calculating buoyancy): The volume of displaced liquid. Learners can also experimentally “test” Archimedes’ principle by hanging an appropriate object, for example a metallic cylinder, on a dynamometer and measuring its weight. Then, they should be guided to examine how the reading of the dynamometer changes as they progressively immerse more and more portion of the object into a volumetric cylinder containing a liquid (i.e., water) and compare their experimental evidence.  Based on Archimedes’ principle when a body is partially or completely immersed in a liquid, then it experiences an upward force that always equals the weight of the displaced liquid, and, consequently, the more liquid is displaced the higher the up-thrust. Thus, by progressively changing the part of an object that is immersed into the liquid, learners should examine how its weight changes and correctly conceptualize how the weight of an object hung on a dynamometer changes They can also observe that the weight of the object, as it is measured by the dynamometer, may reach progressively zero, and a floating object becomes practically “weightless.” 

ix. Archimedes’ principle (Calculating buoyancy): The kind (density) of displaced liquid. Learners can also experimentally “test” Archimedes’ principle by immersing the previous object hung on a dynamometer in different liquids (i.e., water, salt water, alcohol), so that each time the volume of displaced liquid is exactly the same. Thus, they can correctly conceptualize the effect of the kind (density) of a liquid on the reading of the dynamometer. Thus, learners can easily compare their experimental evidence and conclude that that the kind (density) of a liquid affects up-thrust, that is the higher the density, the higher the weight of the displaced liquid. Thus, by progressively comparing the weight of the displaced liquid when the same portion of an object is immersed into different liquids, they can correctly conceptualize how the kind of a liquid (density) affects the force of up-thrust.  They can also observe when the weight of the object, as it is measured by the dynamometer, may reach progressively zero, and what the differences in the volume and mass of displaced liquid are, when different liquids are used. 
5. Activity / behaviour that helps learner reflect on/in action (M)

This could be part of the practical activity or questioning relating to it

x. Is it possible to make an object sinking in a liquid to float in the same liquid and how?  

For example, learners should be guided to use a piece of candle that sinks in alcohol and make it float by heating it and transforming its shape to resemble a boat. Learners can also wrap a coin in aluminium foil and immerse it in a container of water. They then can make it float by transforming the aluminium foil into a small boat carrying the coin. They can also try to load their “boat” with as many coins as possible and find out by themselves any causal relations between different variables

xi. Do different objects of the same mass but unequal volume (i.e., floaters from plastic tubes closed from both sides and containing a different amount of material, such as sand, so that all have the same mass) follow the same pattern of sinking/floating in the same liquid? Learners should be guided to compare the obvious difference in volume (i.e., different length of plastic floaters made from pieces of the same plastic tube) and the mass of the tubes, and reach a conclusion explaining the differences in floating/sinking in a container of the same liquid. The learners should be guided to reach the conclusion that “objects having the same mass have higher tendency to float as their volume increases, while objects of less volume have higher tendency to sink.

xii. Do different objects of the same mass but unequal volume (i.e., floaters from plastic tubes closed from both sides and containing a different amount of material, such as sand, so that all have the same mass) follow the same pattern of sinking/floating when immerse in different liquids ? Learners should be guided to compare the floating/sinking pattern of the floaters when immersed either in different liquids (i.e., water, salt water alcohol) and reach the conclusion that the sinking/floating pattern of the floaters is different for different liquids. For example, the pattern of floating/sinking of the floaters depends on the kind (density) of the liquid as well. 

xiii. Do different objects of the same volume (i.e., identical cubes from different material, such as, wood, candle, plastic, aluminium etc) follow the same pattern of sinking/floating when immersed in different liquids (i.e., water and alcohol)?  This comparison can be made by immersing objects of the same volume but having different mass (i.e., floaters from plastic tubes closed from both sides and containing different amount of material, such as sand) in either a container of water or a container of alcohol or a container of salt water. 

xiv. What is the relation between the volume of an object that is immersed in a liquid and the volume of displaced liquid? Different experiments should be performed to exemplify that the more an object is immersed the more is the volume of the displayed liquid.

xv. Is the mass of the displayed liquid equal when the same object is immersed in different liquids?  Different experiments should be performed where the same object (sinking) is immersed in different liquids and measure both the volume and the mass of the displayed liquids. 

6. Activity / behaviour that encourages transfer between contexts (B)
These are bridging as described at the start of this document but also integration within science and between subjects and recapping ‘relevance’ from the start of the lesson.

xvi. When an object immersed either in a liquid or a gas (air) sinks or floats partially or totally immersed? 
Similar balloons containing either air or helium can be used. The floating helium balloon can be made to sink by externally putting on it different amounts of sticky material, so that it will sink or balance in the air. Students should be guided to understand that on the balloon act two opposite forces, that is, the weight (downward direction) and another force having upward direction (up-thrust), and that their relative magnitude determines whether the balloon will sink, balance in the air, or move upward (floating).

xvii. When the same object (i.e., an egg or a floater) sinks, balance or float in salt water? Or how the amount of salt dissolved in water determines whether the same object (i.e., an egg) sinks balances or floats? Learners should be allowed to propose and test their existing ideas by progressively dissolving more and more salt in a container of water (without changing the amount of water) until saturation will occur.  (Saturation also relates the temperature of water. Consequently, how the temperature of a saturated solution affects floating and sinking can be furthermore examined.)

xviii. Archimedes’ principle (Calculating buoyancy): The volume of displaced liquid. Learners can also experimentally “test” Archimedes’ principle by hanging an appropriate object, for example a metallic cylinder, on a dynamometer and measuring its weight. Then, they should be guided to examine how the reading of the dynamometer changes as they progressively immerse more and more portion of the object into a volumetric cylinder containing a liquid (i.e., water) and compare their experimental evidence.  Based on Archimedes’ principle when a body is partially or completely immersed in a liquid, then it experiences an upward force that always equals the weight of the displaced liquid, and, consequently, the more liquid is displaced the higher the up-thrust. Thus, by progressively changing the part of an object that is immersed into the liquid, learners should examine how its weight changes and correctly conceptualize how the weight of an object hung on a dynamometer changes They can also observe that the weight of the object, as it is measured by the dynamometer, may reach progressively zero, and a floating object becomes practically “weightless.” 

xix. Archimedes’ principle (Calculating buoyancy): The kind (density) of displaced liquid. Learners can also experimentally “test” Archimedes’ principle by immersing the previous object hung on a dynamometer in different liquids (i.e., water, salt water, alcohol), so that each time the volume of displaced liquid is exactly the same. Thus, they can correctly conceptualize the effect of the kind (density) of a liquid on the reading of the dynamometer. Thus, learners can easily compare their experimental evidence and conclude that that the kind (density) of a liquid affects up-thrust, that is the higher the density, the higher the weight of the displaced liquid. Thus, by progressively comparing the weight of the displaced liquid when the same portion of an object is immersed into different liquids, they can correctly conceptualize how the kind of a liquid (density) affects the force of up-thrust.  They can also observe when the weight of the object, as it is measured by the dynamometer, may reach progressively zero, and what the differences in the volume and mass of displaced liquid are, when different liquids are used. 

7. Suggestions

It is however necessary to stress that any kind of experimentation cannot be determined in advance, but it should rather follow the identification of the learners’ existing conceptions, as it was described previously. Different learners construct different explanatory ideas depending on their experiences, their age, their cognitive abilities, and other idiosyncratic characteristics.  Obviously, learners’ conceptions should not be ignored, but these should not only be identified but should be also taken into consideration. These conceptions should be challenged by presenting to the learners conflicting information. This does not mean that teachers should rush to propose specific information or specific experiments, but they should offer to the students the opportunity to discuss and test their ideas, so that they really reach the stage of cognitive disequilibrium. 

Nevertheless, even when the learners reach the stage of cognitive disequilibrium, there is no guarantee that the learner will automatically abandon his/her conceptions. These conceptions are usually resistant to change. Consequently, the learners should be also involved in a series of inquiry based activities that should be aligned with socio-constructivistic principles. 
Finally, it should be mentioned that the list of presented ideas is not exhaustive but only indicative. These approaches should be learner-centered where the role of the instructor and the role of the learners change. From this perspective, learners become responsible for their own learning and share autonomy and activities in the teaching/learning situation. Discussions, individual and team work; presentations; involvement of learners in the design, implementation and assessment of teaching interventions; or even synchronous or asynchronous electronic communication are good strategies for a shared construction of knowledge. 
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· Appendix A
Three Sets of Closed Cylinders
	(a) Mass Increases Progressively, while the Volume Remains Constant

	First

Experiment
	
	
	
	
	

	
	

	Height
	10.5cm
	10.5cm
	10.5cm
	10.5cm
	10.5cm
	10.5cm
	10.5cm

	Diameter
	3cm
	3cm
	3cm
	3cm
	3cm
	3cm
	3cm

	Mass
	60g
	70g
	80g
	85g
	100g
	110g
	115g

	(b) Volume Increases Progressively, while the Mass Remains Constant
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Second

Experiment 
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	Height
	5cm 
	6.5cm
	9cm
	     10.5cm
	12.5cm
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	(b) Four Cylinders with Different Volume and Different Mass 
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