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Problem Set Answers 
 
Session 2 
 
1. Session 2 introduces the four basic principles of the particle model of matter. Explain how each of 
these contributes to a microscopic explanation of what happens when you compress a closed syringe 
filled with air. 
 

The four principles of the particle model are as follows: 
 

Principle Relation to compressing a closed, air-filled syringe 
All matter is made of tiny, invisible particles. Air is transparent, which explains why you can’t see it 

in the syringe.  
There is empty space between particles. When the syringe is compressed, the particles are 

simply squeezed closer together. There is less empty 
space, but all the particles are still there.  

Particles are in constant motion. Particles of the air will move in straight lines until they 
collide with another particle or the walls of the 
container. It is the pressure that results from these 
collisions which you feel as resistance to compressing 
the syringe past a certain point. 

There are forces between particles. Without these forces—attractive at large distances and 
repulsive at short distances—particles will not “bounce” 
off each other when they get close to each other. If the 
forces were only attractive and the particles were not in 
motion, all the particles would gather into a clump 
inside the syringe. 

 
 
2. What are the characteristics of a good scientific model and how does the particle model show these 
characteristics? 

 
A good scientific model represents something too big, small, or complex to easily comprehend, 
explains a range of phenomena beyond the ones used to develop it, and is as simple as possible. The 
particle model represents the behavior of particles too small for us to experience directly. As we will 
see in later sessions, it aids our understanding of many phenomena, including physical and chemical 
changes, rising and sinking behavior, and the changes that result from the addition of heat.  
 

3. Why does water “beading” on a windshield help support the idea that there are forces between 
particles? 

 
We see the macroscopic phenomenon of different drops being “pulled” together as they move down 
the windshield. If we accept the existence of particles, this macroscopic phenomenon must have some 
microscopic explanation. The simplest explanation is that there are forces between all particles of 
water, even those in different macroscopic drops. The small forces between individual particles add up 
into the (relatively) larger force that pulls drops together.  
 

4.  In the video, Russell Springer’s students, with the help of another teacher “Mr. O,” acted out a life-
sized model to help them understand the microscopic phenomenon of Brownian motion. Explain how 
Brownian motion works using this model. 
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In the classroom model, the students represented the water molecules, which are invisible even under 
the microscope. They moved around in random directions, as we assume water molecules do in a drop 
of water. “Mr. O” represented the larger oil particles, which we could see under the microscope. As 
the students moved around and bumped into him, Mr. O traced out an erratic pattern similar to that of 
the oil drop seen under the microscope. Thus, the zigzag pattern (Brownian motion) of oil droplets is a 
result of collisions with constantly moving, invisible water molecules.  
 

Session 3 
 
1. In Session 3, a distinction is made between boiling (a physical change) and burning (a chemical 
change). On a particle level, how would you describe the difference between boiling and burning? 
 
Boiling is a physical change, and therefore involves only a rearrangement of the original particles. In the case 
of boiling water, the water particles go from being packed closely together to being more spread apart because 
they are moving faster. All the particles that were there originally are still there. In contrast, burning a piece of 
wood changes something about the particles—the original particles are not still there. As we shall see, a 
chemical change involves tearing particles apart and combining them into new substances. 
 
2. At the end of Session 3, an equal amount of alcohol and water are combined and then shaken in a 
container, resulting in a liquid with less volume but the same weight as before they were mixed. Is this 
an example of a physical or a chemical change?  
 
Dissolving alcohol into water is an example of a physical change. Although it may seem different from 
dissolving a solid like salt into water, the particles of each substance (salt or alcohol) are all still present, but 
are just mixed into the spaces between the water molecules. Thus, the change conforms to the microscopic 
definition of a physical change. This change is also reversible: in a way similar to desalinization—water is 
evaporated and salt is left behind—if the alcohol/water solution is heated, the alcohol will evaporate first and 
leave the water behind. Therefore, the change conforms to the macroscopic definition of a physical change.  
 
3. An iron rod is sealed inside a mold that is put in a high temperature furnace. The rod melts inside the 
mold and turns into liquid. The hot liquid iron is then allowed to cool until it becomes a solid rod again. 
The new rod is then removed from the mold. What difference do you think there is between the original 
rod and the new rod? Explain your answer. 

a. The new iron rod is lighter than the original rod. 
b. The new iron rod is heavier than the original rod. 
c. The new iron rod is the same weight as the original rod. 
d. The iron rod is lighter when it’s a liquid than when it’s a solid. 
e. The weight of the rod depends on how long the iron took to cool. 

 
The answer is c. This is an example of the reversibility of a physical change. All the original particles were 
simply rearranged into a liquid (by adding heat) and then rearranged again into a solid (by allowing the matter 
to return to room temperature). Since no particles were added or lost (the mold was sealed), the mass and 
therefore the weight would not change at any step along the way. Mass conservation holds in a physical 
change. 
 
4. A copper wire is heated and turned into liquid. After a while, it cools down and becomes solid again. 
What changes do you think have taken place? Explain your answer. 

a. The copper turned into another metal after melting. 
b. Some of the copper turned into another metal after melting. 
c. A large amount of copper turned into another metal after melting. 
d. The solid is still all copper.  
e. There is not enough information to answer the question. 
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The answer is d. Again, this is an example of a physical change. If the material had changed into another 
metal, this would mean that the particles were no longer copper particles and we’d classify the change as a 
chemical change. 
 

Session 4 
 
1. Explain the differences and relationships among these terms: element, molecule, atom, and 
compound. 
 
An element is a substance wherein the smallest particle that still can be considered that material is an atom. A 
compound is a substance wherein the smallest particle which still can be considered that material is a 
molecule. Molecules are made of two or more atoms of different elements. Simply put, the particles which that 
make up a pure substance, which we defined in the video as substance that can not be separated into simpler 
substances, are either atoms or molecules, but not both. 
 
2. In the video, the hosts mixed plaster of Paris with water, let it harden, and then tried to repeat the 
process with this hardened product and water. What was the macroscopic evidence that a chemical 
reaction had taken place? If we had a powerful microscope, would we see microscopic evidence that a 
chemical reaction had taken place? Answer the same questions for the “cheese candle” that the hosts 
burned at the end of the program.  
 
Macroscopically, the mixture heated up and it started to change consistency, becoming rigid. If we could 
observe the microscopic process, we’d see the particles of plaster either combining or swapping particles with 
water molecules, leaving behind different particles than were there originally. (The total number of atoms 
would be the same, however, so mass is still conserved.) 
 
In the case of the burning cheese candle, the release of heat (as well as smoke) and the fact that the candle 
slowly gets smaller are both indicators of a chemical change. On a microscopic level, we would observe 
particles of cheese being broken down and combined with particles of oxygen from the air. As with the plaster 
of Paris, we would end up with different particles than we started with, but the total number of atoms would be 
conserved.  
 
3. How is Geoffroy’s affinity table different from Mendeleev’s periodic table? What is the usefulness of 
each? 
 
The affinity table shows how two substances will react when they are placed together. This allows us to predict 
the outcome of particular interactions. The periodic table is a chart of individual elements, organized by the 
structure of that element’s atoms. Although there is no explicit statement of how the elements would react with 
other materials, their placement in the chart is indicative of their general chemical behavior. As a result, the 
periodic table could be considered to be more general and useful than an affinity table, since it enables us to 
make predictions about how an element will react with all other elements, rather than just one element at a 
time. 
 
4. Why is the example of electrolysis of water a good demonstration of the law of fixed proportions? 
How can we be sure that this ratio of two hydrogen to one oxygen holds true even down to the smallest 
particle? 
 
The law of fixed proportions states that all materials are composed of a simple ratio of different atoms. In our 
particle language, this means that every particle of a particular material is made of a specific number of whole 
atoms. Therefore, if we take a substance—for example, water—and break it down into its constituent elements, 
we will have perfect ratios of the new elements. Since water breaks down into two gases (oxygen and 
hydrogen), the volume of the gases reflects the number of particles that we have of each. If every water 
molecule has twice as many hydrogen atoms as oxygen atoms, the products of our chemical reaction, 
electrolysis, should also have twice as much hydrogen as oxygen. We believe this ratio to hold down to the 
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smallest particle because we can repeat the electrolysis experiment with any amount of water, and still always 
have the same 2:1 ratio.  
 
5. Tony has a double-pan balance. On one pan he places a container of water and an Alka-Seltzer tablet. 
On the other pan he places a container of water and puts an Alka-Seltzer tablet in the water. What do 
you think will happen to the pan holding the fizzing Alka-Seltzer? 
 
Although mass is conserved in any chemical reaction, the pan with the fizzing tablet is changing some of its 
mass into gas, which then floats away into the air. Since the weight of the escaped mass is no longer pressing 
down on the pan, the other pan is heavier and goes down, while the pan with the fizzing tablet goes up. As 
more gas escapes into the room, the weight of the fizzing container of water will continue to decrease.  

 

Session 5 
 
1.  As official crown inspector for the kingdom of Kerplackistan, you are asked to determine if R. Fink, 
the king’s new crown maker, really used the 500 grams of gold given to him to craft a crown for the 
king. When you receive the crown, it does indeed have a mass of 500 grams, but you suspect R. Fink of 
mixing lead with the gold. You measure the volume of the crown by immersing it in water and find it to 
be around 33 cubic centimeters, and you know that the density of gold is 19.3 grams/cubic centimeter. 
Did R. Fink cheat the king by mixing his gold with lead? 
 
We know the density of lead is less than the density of gold if R. Fink really used some lead as well as gold, 
then the density of the crown is less than 19.3 g/cm^3 and we’ve caught a rat. 

D = M / V 
D = 500 g/33 cm^3 
D = 15.1 g/cm^3 

 
The density of the crown is less than pure gold, so we know R. Fink did cheat the King. 
 
 
2. In the video, Steve Bailey explains how some fish use a swim bladder to change their behavior from 
sinking to rising. When they do this, are they changing mostly their mass or volume? How does a 
submarine change its behavior from sinking to rising? Does it change its mass or volume? 
 
Changing behavior from sinking to rising involves decreasing the density of an object.  Recall density = 
mass/volume, so either mass, volume, or both can change to cause a change in density. A fish changes its 
density mostly by increasing its volume. (Adding air to its swim bladder does add mass, but not a significant 
amount.) By making its volume greater, it lowers its density and the fish rises. A submarine, on the other hand, 
is made of metal and cannot change its volume. Thus, it must change its mass and does so by pumping water in 
or out of its holding tanks. Pumping water out of the submarine makes its mass decrease which lowers its 
density, causing the submarine to rise. 
 
3. How would you explain why it takes the same amount of force to hold an object under the water at 
any depth? 
 
A liquid, like all matter, has weight, which is the force with which the Earth pulls the liquid downward. If we 
think of this liquid in terms of particles, the particles on the top layer are pulled downward by their own 
weight. The particles in the layer underneath get pulled downward by their own weight, but also have an 
additional downward push on them from the layer above. Thus, as an object is taken to a deeper level, the 
weight of more and more liquid above it causes the pressure on the object to increase. (If you don’t like this 
explanation, put a bunch of marshmallows in a tall cylinder as a physical demonstration. The marshmallows 
near the top are not crushed because there is only pressure on them from the few marshmallows above them, 
whereas the marshmallows near the bottom are compressed by the weight of all the marshmallows above 
them.) 
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Session 6 
 
1. Restate Archimedes’ Principle in your own words. What role does density play? 
 
Archimedes’ Principle states that the upward buoyant force felt by an object in a fluid is equal to the weight of 
the fluid displaced by the object. Density, calculated from the mass of an object divided by its volume, is used 
to calculate the buoyant force. The force is the volume displaced (in cm^3) times the density of water (1 
g/cm^3 at room temperature).  
 
2. What is a “watery ghost” and how does it relate to Archimedes’ Principle? 
 
A “watery ghost” is simply a representation of the volume of water displaced by an object when that object is 
submerged in water. It is the same shape and size as the object but is made of water. “The weight of the water 
displaced by an object” in Archimedes’ Principle is the weight of the watery ghost.  
 
3. A. Imagine you have a wooden ring that is 50 cubic centimeters in volume and 42 grams in mass. 

What would be the mass of the “watery ghost” of this ring?  (Recall the density of water at room 
temperature is about 1 gram/cubic centimeter.) 

 
B. If we put the ring on the left side of a balance scale and its watery ghost on the right side, which 
side of the balance would go down? Does this mean the ring will rise or sink when submerged in 
water? 
 
C. Would you agree or disagree with the statement below? Why? 
 

“If rising happens when the weight of an object (downward) is less than the buoyant force 
(upward), and the buoyant force is equal to the weight of the watery ghost, I think a smaller ring 
would float because its weight would be less.” 

 
A.  The watery ghost of the ring also has a volume of 50 cubic centimeters.  Its mass can be calculated using 
the definition of density: 

D = M/V 
D * V = M 

1 g/cm^3 * 50 cm^3 = M 
50 g = M 

 
B. The right side of the balance (the side with the watery ghost) will drop.  The weight of the watery ghost of 
the ring is more, thus the buoyant force on the ring is more than its weight (from Archimedes’ Principle) and 
the ring will rise.  
 
C.  You should disagree with your friend because, although decreasing the volume of the ring will decrease its 
weight, you must compare this weight to the weight of a correspondingly smaller “watery ghost.” In other 
words, the buoyant force on an object decreases as its volume decreases. 
  
4. Why is it surprising that the solid form of water (ice) floats in liquid water? 
 
In solids, the particles are usually packed closer together than in liquids. Thus, most solids should be more 
dense than the same matter in liquid form. However, water is a special case because the shape of the particles 
is such that they can stack closer together in liquid form than the rigid structure they create when in solid form. 
 
5. We know that a helium balloon rises on Earth because the buoyant force from the air around it is 

greater than its weight. Similarly, an air-filled balloon sinks because the buoyant force is less than 
the balloon’s weight. How might the behavior of these balloons change if we were able to get a 
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container full of atmosphere from Mars, which is much less dense than Earth’s atmosphere, and put 
the balloons inside it?  What if we did the same with a container filled with the atmosphere of 
Venus, which is much more dense than Earth’s atmosphere? 

 
The density of the gas is much less in the Martian atmosphere than the density of the gas in the two balloons. 
Therefore, the balloons would sink. The density of the gas in the Venusian atmosphere is more than the density 
of the gas in the two balloons. Therefore these balloons would tend to rise. 
 

Session 7 
 
1. In the video, we saw that water and alcohol boil at different temperatures at sea level. How would 
you explain why this is so? 
 
The strength of the forces between particles of different liquids varies. When the forces between particles are 
weak, the boiling points are low. When the forces between the particles are strong, the boiling points are high. 

 
2. In your own words, why doesn’t the temperature of melting ice go up until all the ice has melted? 
 
Temperature is a measure of the average energy of motion of the particles that make up an object. By adding 
heat during a phase change (as in melting an ice cube), particles begin to go faster. However, when any 
molecule gains enough energy (related to the speed of the particle) to break away from the surface of the ice, it 
will do so but be slowed down as a result. Thus, the average energy of the particles does not increase until all 
the molecules still in the ice phase have been “freed,” and the temperature remains steady.   
 
3. When heating an object changes its density (as when the hot water balloons rose in the cold water), 
have we changed the mass, the volume, or both? Explain your answer. 
 
The volume increases. Recall that all particles are in motion and that, in most cases, when their temperature is 
increased, the average energy of motion in particles increases as well. This means that the particles move faster 
and collide more frequently. As a result, there is an increase in the average distance between particles on a 
microscopic level and an overall increase in volume at the macroscopic level. This is what happened with our 
ball and ring experiment in the Science Studio of this session. Heating the ring caused the particles to vibrate 
faster, and thus increased the volume of the ring—including the volume of the opening in the ring—which 
enabled the ball to pass through the ring when it was hot. 
 
4.  Why do you think the traffic department uses a rubbery material instead of regular asphalt to fill in 
cracks in the road? 
 
As the road expands and contracts during the hot and cold seasons (or even between day and night), the road, 
including the cracks in the road, expand and contract. In fact, it is this expansion and contraction which led to 
the cracks in the first place. By using a rubbery material, the filler will not “pop out” during hot conditions 
when the road expands and the cracks get smaller, as might happen with asphalt. 

 

Action Research Guide  
 

The Action Research Process: 
 

Identify your starting point for research 
 
 
 

Appendix - 81 - Physical Science 



Refine your thinking 
 
 
 

Formulate a research question 
 
 
 

Develop and implement strategies for action 
 
 
 

Collect and analyze data 
 
 
 

Reflect on action 
 
 
 

Generate practical knowledge 
 

One of the primary reasons for doing action research is to generate knowledge that can inform classroom 
practice. Your research for the Essential Science for Teachers: Physical Science course should focus on some 
aspect of science teaching and learning in your classroom. Issues involving content, pedagogy, assessment, 
management, or using children’s ideas are all possibilities for productive research. The following is an outline 
of stages of action research tailored for a 15-week graduate-level course. For more information refer to the 
following list of readings related to action research. 

 
Weeks 1-3: Identify Your Starting Point 
Begin your action research by reflecting on your current practice and identifying an area of special interest to 
you. Ask yourself these questions to organize your thinking:  

 
• What science content presents problems for my students?  
• Which pedagogical approaches help or hinder me in addressing children’s science ideas? 
• How do I use assessment to guide my science teaching?  
• Which educational situations make teaching science content difficult for me?  
• What strengths related to addressing children’s ideas would I like to develop? 

 
Gather preliminary data through classroom observations and note taking. Your notes should include detailed 
descriptions and interpretations, explanatory comments, summaries of conversations, hunches, and insights. 
Reflect on your role within your area of interest to help you think about alternative courses of action. 
 
Think about your current situation and one that would represent improvement. This can help you understand 
the sources of problems that your action research will address. 

 
Weeks 4-5: Refine Your Thinking 
Phrase a preliminary research question that has emerged from a review of your notes. Think about what 
possible action you could take to better understand this question, as well as aspects of your classroom practice 
you could change to better address issues raised by your question.  
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Collect additional information and reflect on how this knowledge will impact your research question. Revisit 
and adjust the research question you phrased earlier to reflect any changes in thinking. 

 
Week 6: Formulate a Research Question  
Reconstruct your research question into a question with two variables in mind—a strategy and an outcome—to 
help you be more specific about your research and to make it more focused and manageable.  

 
Week 7: Develop Strategies for Action 
Identify several possible strategies for action ranging from radical changes in pedagogy to slight behavior 
modifications. Determine what kinds of data to collect that are appropriate to your question. 
 
Week 8: Implement Strategies for Action and Begin Collecting Data 
Begin to implement your chosen strategy and collect the appropriate data.  
 
Weeks 9-12: Refine Action, Continue Data Collection, and Begin Data 
Analysis 
Begin to interpret and draw conclusions from your data about the success of your strategy for action. Writing 
data summaries after reviewing sections of your data is an effective method for organizing and informing your 
analysis. Check the validity of your perceptions of your progress by establishing a consensus view of the 
results. You might interview students, ask a neutral party to observe your class, or choose a colleague to be a 
“critical friend.” Consider the reliability of the data you are collecting. If you come across data that 
substantiates an important finding for your research, search the rest of the data for conflicting evidence that 
could refute the finding. It is important that you are open to data that both questions and supports your 
hypothesis.  
 
Begin a theoretical analysis to take your data analysis to another level. After reviewing a section of your data, 
try writing a summary in which you identify and interpret themes, contradictions, relationships, and different 
perspectives that are represented in the data. Developing these ideas can lead to establishing practical theories 
about teaching. 
 
Week 13: Conclude Strategy Implementation and Continue Data Analysis 
Draw the implementation of your chosen strategy to a close. Begin to organize information about your 
methods of data collection and analysis, and bring your interpretations of the meaning of your data to some 
kind of conclusion.  
 
Week 14: Generate Practical Knowledge 
Draw conclusions from the activity of your research. Begin to work on organizing a research report that should 
minimally include an introduction that explains the context of the research and the research question, a 
description of methods of data collection and data analysis, results of the data analysis, conclusions you have 
drawn from the study, and the implications of your findings for your teaching. 
 
Week 15: Generate Practical Knowledge 
Complete the research report. 

 

Readings on Action Research 
 
The following resources will provide you with additional guidance to conduct your action research project: 
 
Altrichter, H. Posh, P. and Somekh, B. (1993). Teachers Investigate Their Work: An Introduction to Methods 
of Action Research. NY: Routledge.  
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Hubbard, R. and Power, B. (1993). The Art of Classroom Inquiry. Portsmouth, NH: Heinemann. 
 
If neither of those resources is available, choose any of the following readings: 
 
Bogdan, R. and Biklen, S. (1998). Qualitative Research in Education. An Introduction to Theory and Methods. 
Third Edition. Needham Heights, MA: Allyn & Bacon. 
 
Burgess, R.G. (1981). Keeping a Research Diary. Cambridge Journal of Education, 11, 1, 75-83. 
 
Denzin, N. and Lincoln, Y. (Eds.). Handbook of Qualitative Research. Thousand Oaks, CA: Sage Publications.  
 
Duckworth, E. (1986). Teaching As Research. Harvard Educational Review, 56, 481-495.  
 
Jenkins, D. (2003). Action Research with Impact. EncFocus, 10(1), 35 - 37. 
 
Kemmis, S. and McTaggart, R. (Eds.). (1988). The Action Research Planner. B.C. Canada: Deakin University 
Press. 
 
LeCompte, D. (2000). Analyzing Qualitative Data. Theory into Practice; 39(3), 146 - 154.  
 
McNiff, J. (2003). Action Research in the Classroom: Notes for a Seminar. Available at 
http://www.leeds.ac.uk.educol/documents/00002397.htm  
 
Oberg, A. (1990). Methods and Meanings in Action Research: The Action Research Journal. Theory Into 
Practice, 29(3), 214 - 221. 
 
Schon, D. (1983). The Reflective Practitioner: How Professionals Think in Action. New York: Basic Books. 
 
Scott, P. and Driver, R. (1998). Learning About Science Teaching: Perspectives from an Action Research 
Project. In Fraser, B.J. and Tobin, K.G. (Eds.). International Handbook of Science Education. London: Kluwer 
Academic. 
 
Simpson, M. and Tuson, J. (1995). Using Observations in Small-Scale Research: A Beginner's Guide. Eric 
Clearinghouse Document ED394991 
 
Spiegel, A., Collins, and Lappert, J. (Eds.). (1995). Action Research: Perspectives from Teachers’ Classrooms. 
Tallahassee, FL: SERVE Eisenhower Consortium for Mathematics and Science Education.
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Related Readings by Session 
 
Session 1: What is Matter? Properties and Classification of Matter 
 
Andersson, B. R. (1990). “Pupils' conceptions of matter and its transformations (age 12-16).” Relating 

macroscopic phenomena to microscopic particles: A central problem in secondary Science Education. 
P. L. Lijnse, Licht, P., Vos, W. de, Waarlo, A. J. Utrecht, CD-ß Press: 12-35. 

Andersson, B. R. (1990). "Pupils' conceptions of matter and its transformations (age 12-16)." Studies in 
Science Education 18: 53-85. 

Cobern, W. (1990). "Understanding the world as others do." Newsletter (No.13) of the SIG "Subject Matter 
Knowledge and Conceptual Change" of the American Educational Research Association. 

Comber, M. (1983). "An analysis of Nuffield Combined Science 5-13 in terms of concepts related to the theory 
of matter." School Science Review 64(228): 556-561. 

Hellden, G. (1993). “Pupils' understanding of ecological processes and their conceptions of matter.” 
Proceedings of the Third International Seminar on Misconceptions and Educational Strategies in 
Science and Mathematics. J. Novak. Ithaca, New York, Cornell University (distributed electronically). 

Krnel, D., Glazar, S. and Watson, R. (2003) “The Development of the Concept of ‘Matter’: A Cross-Age 
Study of How Children Classify Materials.” Science Education 87: 621-639 2003 

McPhan, G. (1993). “Acquiring concepts about the structure and behaviour of matter: Productive process or 
undesirable outcome?” Proceedings of the Third International Seminar on Misconceptions and 
Educational Strategies in Science and Mathematics. J. Novak. Ithaca, New York, Cornell University 
(distributed electronically). 

Rennstroem, L. (1987). “Pupils conceptions of matter. A phenomenographic approach.” Proceedings of the 
Second International Seminar "Misconceptions and Educational Strategies in Science and 
Mathematics," Vol. III. J. Novak. Ithaca, Cornell University: 400-414. 

Scott, P. H. (1990). "Conceptual change in the science classroom a case study of the development of one 
pupil's ideas relating to matter." Occasional paper from the Children's Learning in Science Research 
Group. Centre for Studies in Science and Mathematics Education. The University of Leeds: 1-28. 

Stavy, R., Stachel, D. (1985). "Children's conception of changes in the state of matter: From solid to liquid." 
Archives de Psychologie 53: 1-29. 

Stavy, R. (1989). “Students' conceptions of matter.” Adolescent development and school science. P. Adey. 
London, Falmer Press: 273-282. 

Stavy, R., Rager, T. (1990). “Students' conceptions of the three dimensions of the quantity of matter - Volume, 
mass and number of particles: static systems.” Relating macroscopic phenomena to microscopic 
particles. P. L. Lijnse, Licht, P., Vos, W. de, Waarlo, A. J. Utrecht, CD-ß Press: 233-246. 

 
Session 2: The Particle Nature of Matter: Solids, Liquids, and Gases 
 
Aalst, J. (1997). "Learning about heat and matter with CSILE: An inquiry into conceptual change." Occasional 

paper: Department of Curriculum, Teaching, and Learning, University of Toronto: 1-32. 
Andersson, B. R. (1990). “Pupils' conceptions of matter and its transformations (age 12-16).” Relating 

macroscopic phenomena to microscopic particles: A central problem in secondary Science Education. 
P. L. Lijnse, Licht, P., Vos, W. de, Waarlo, A. J. Utrecht, CD-ß Press: 12-35. 

Brook, A., Briggs, H., Driver, R. (1984). Aspects of secondary students' understanding of the particulate 
nature of matter. Leeds, University Leeds, Centre for Studies in Science and Mathematics Education. 

Calvelli, G., Capitanio, M., Di Blasi Burzotta, R., Furlan, D., Merlo, A. (1996). “Teaching the changes of state 
of matter in the primary school.” Teaching the science of condensed matter and new materials. M. 
Michelini, Jona, S., Cobai, D. Udine, Forum: 429-433. 

Comber, M. (1983). "Concept development in relation to the particulate theory of matter in the middle school." 
Research in Science and Technological Education 1(1): 27-39. 

Dawson, C. (1998). "Modeling the states of matter and changes of state." Australian Science Teachers' 
Journal. 44(2): 54. 

de Vos, W., Verdonk, A. (1996). "The particulate nature of matter in science education and in science." 
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Journal of Research in Science Teaching 33(6): 657-664. 
Driver, R. (1983). "An approach to documenting the understanding of 15 years old British children about the 

particulate theory of matter." Research on Physics Education. Proceedings of the first international 
workshop. La Londe les Maures: 339-346. 

Epsimos, G., Fassoulopoulos, G., Kariotoglou, P. (2001). “Pupils' conceptions about intensive variables across 
the states of matter.” Proceedings of the Third International Conference on Science Education 
Research in the Knowledge Based Society, Vol. 2. D. Psillos, Kariotoglou, P., Tselfes, V., Bisdikian, 
G., Fassoulopoulos, G., Hatzikraniotis, E., Kallery, M. Thessaloniki, Greece, Aristotle University of 
Thessaloniki: 730-732. 
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