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Finding out pupils’ and student teachers’ ideas about heat and temperature

This document starts with some elicitation questions which some student teachers might find challenging. The second part addresses the background ideas that lie behind the questions, and examines why pupils (and students) – and a goodly proportion of the general population - may give alternative (wrong) answers to the questions.

1. Heat and temperature

You add 10 kettle-fulls of boiling water to some cold water in a bath to make the bath water warm. 
True or false:  the bath water now has more heat energy in it than a kettle full of boiling water.
2. Insulation

 A girl is going to her friend's house a long way away. She buys some fish and chips and a block of ice cream to share for supper. She wraps the chips in newspaper to keep them hot, and she wraps the ice cream in newspaper to keep it cold. 

· Do you think she did the right thing with the newspaper? 
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3. Temperature 
The questions that follow test your understanding of hotness, which is an everyday translation of the word temperature. 

What do you think the temperature (in degrees Celsius) is: 

· in this room? 

· outside in the open? 

· of water from the cold tap? 

· of water from the hot tap (safety!)?

· of a cup of hot but drinkable coffee?

· of milk left in the fridge? 

· of a cup of hot coffee left in left in this room for an hour? 

· of a glass of ice-cold milk left in this room for an hour?

All the above should be tested experimentally using a thermometer. Here are a couple more that cannot be tested first hand:

· of something that just begins to glow ‘red-hot’

· of the filament in a torch bulb when it is shining?

4. Temperature, after sharing or mixing water 


1. The diagram shows water at 10°C being mixed with some more water at 10°C. Estimate the temperature after mixing. 
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Now do the same for: 

2. two cups both at 60°C 

3. one cup at 10°C and one at 60°C 

4. two cups both with hot water 

5. two cups both with cold water 

6. one cup of cold water and one cup of hot water 

7. The diagram shows water at 10°C being shared into two cups. Estimate the temperature of each cup after sharing. 
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        10° 

Now do the same for: 

8. a cup of water at 60° C 

9. a cup of hot water 

10. a cup of cold water

Commentary on the questions and why some people get them wrong

1.  Heat and temperature 
 Each kettle-full of water was hotter than the final temperature of the bath, but the now-warm bath-water contains more heat energy than a single kettle-full of boiling water. It cost ten times as much to heat the bath water than to heat the water in the kettle to 100°C 

· Heat energy costs money and is measured in joules, but temperature is a measure of how hot something is, and is measured in degrees. 

· Heating is one of the ways in which energy is transferred. 

This spreading out of heat is another example of the second law of thermodynamics at work – you can spread the energy from the kettle into the bath, but you cannot get most of the bath to cool in order to give back the energy to a small quantity of water that then reaches boiling point. Once heat has spreads out it will not, by itself, become concentrated again. 

2. Insulation

This question is similar to the concept cartoon question about the effect of putting a coat on a snowman. Children think that clothes, and wrapping generally,  are intrinsically warm, so the snowman and the ice-cream will melt faster with the wrapping on. For a full discussion of this see the unit P4.1 Misconceptions and naïve ideas of children - how we learn science, where there is an audio recording of children discussing this question.

http://www.ase.org.uk/sci-tutors/professional_issues/teaching_teaching/misconceptions.php 

3. Temperature 
The range of temperatures experienced by children will be very limited, from just below freezing to the temperature of a bonfire. In fact melting ice is quite warm in relation to temperatures in the Antarctic (typically -50°C). Temperature is a measure of the vibrational energy of the molecules that make up matter. When two materials are at an equal temperature, regardless of whether they are solid, liquid or gaseous, no energy flows between them, and their molecules each have the same average kinetic energy. The lowest possible temperature is reached when the molecules have no energy, this is called absolute zero, and is about 273 Celcius degrees below the freezing point of water.

Children may use the term red-hot. As things get hotter they begin to give off radiation, which is increasingly more energetic. Students will know about infra-red cameras that can pick up the 'glow' from our warm bodies.

They will have felt the heat from embers of a fire or from an oven. Eventually an object becomes so hot that it gives off visible light and becomes red-hot (about 600°C). The filament of an electric light bulb glows white hot – about 1500 degrees Celsius. 

Getting children at KS2 (and 3) to carry out these estimations of temperature and then measuring them is an important experience helping them understand temperature as a measure of how hot something it. This links with the next set of questions.

4. Temperature, after sharing or mixing water 
These questions test students’ understanding of temperature as a measure of intensity (how hot is it?), but children may try to add or subtract temperatures as if they were doing sums. For this reason getting children to think about subjective measures of temperature first may help, ie cold, warm, hot etc. The work done by Stavey and Berkovitz (1980) suggests that children know hot water added to cold makes it warm, but they do not automatically use this knowledge when confronted by the numbers on thermometers. By providing the qualitative experiences first hand (questions 4-6 and 9 & 10), but then using the thermometers to measure temperature will help avoid the tendency to add or subtract temperatures as if they were doing a Maths problem. These activities are well worth doing with children in school and should form the basis of their first work with thermometers, whether at KS2 or 3. 

These notes are based on Teaching Primary Science, the course book for the BEd and PGCE courses at the University of Gloucestershire. The book is printed each year in A4 ring-bound format, and contains elicitation question on each topic area, together with a section on background ideas. The main part of each chapter looks at activities suitable for the primary classroom.
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