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Heat is hard to learn… 

• “Only in stage III [typically from 11 years and above] is [heat] 
conduction understood” (Piaget & Garcia, 1977) 

• “Students [9th graders and non-science college students] have no 
concept of amount of heat in the extensive sense” (Wiser & 
Kipman, 1988) 

• Only one of nine adults could explain why metal feels colder than 
wood in room temperature. Some of them blamed thermometer 
measurement errors (Lewis and Linn, 1994). 

• Pupils typically think that their sense of touch is a dependable 
thermometer (Yeo & Zadnik, 2001) 

• “If pupils were able to ‘see’ this phenomenon [that metals feel cold 
in room temperature] in terms of a transfer of energy from their 
body to the object, this sort of situation would likely be less of a 
problem than it seems to be at present” (Erickson, 1985). 



Now pupils can see heat 
– with infrared cameras! 



IR cameras – how do they work? 

• IR cameras detect infrared (IR) radiation from solid and 
liquid surfaces 

• The temperature of the surface is derived from the 
radiation spectrum through Planck’s law of blackbody 
radiation, with surface emissivity assumptions 



Predict-Observe-Explain (POE)  

• Proposed as an approach to Probing understanding 
(White & Gunstone, 1992), but also useful for teaching 
– Pupils interact with ’specific events’, typically experiments or 

demonstrations 
– Everyone is asked to predict what will happen (hopefully there 

will be different predictions) 
– They observe what happens 
– They are asked to explain what happened, and existing 

differences to their predictions 



IR camera POE experiment 

• What is the temperature of a sheet-metal knife, a piece 
of wood and woollen beanie? 

• What happens when you hold the knife and the piece of 
wood for two minutes?  



The knife feels colder than the 
piece of wood, but they have the 

same temperature 

IR camera images 

There is a heat flow through 
the knife, but not through the 

piece of wood 



Results from study on 7th-graders 

• The pupils experienced the experiments as “the metal 
is getting warmer”, “the thumb heats the metal”, but not 
as a heat flow (Schönborn, Haglund, & Xie, 2014) 

• They experienced a “cognitive conflict” (Posner, Strike, 
Hewson, & Gertzog, 1982) in that the metal feels 
colder, yet has the same temperature 

• The conflict remained throughout the experiment, and 
they could not explain why the metal felt colder 



Media attention! 



Our conclusions 

• The pupils made little use of a conception of heat as a 
substance-like extensive quantity 

• The idea of heat as substance-like is necessary in 
order to see heat flow through the knife 

• Introduction of IR cameras alone did not make the 7th-
graders see heat conduction through the knife 

• Pupils would have to be introduced to a simple heat-
flow model (Arnold & Millar, 1996; Linn & Eylon, 2011) 
in order to be able to see heat conduction 
 



Two classes of 4th-graders 
• Development of a teaching sequence of thermal science together 

with their science teacher 
– Part of teaching story-line 

• Second iteration from the perspective of design-based research 
(Cobb et al., 2003) 
– Introduction of a heat-flow model 

• Small-group and whole class POE exercises 
• Three stations of small-group laboratory work with IR cameras 

– Knife and wood comparisons 
– Put the hands in cold and hot water, respectively. Move both to 

lukewarm water, to experience that the same water feels different. 
– Pour hot water into a ceramic coffee mug and a thin plastic cup. 

Predict and observe how the temperatures develop. 
 

 



Two classes of 4th-graders 



Further studies 
– upper secondary school 

• Including friction and energy 
conversions 

• Collaboration with current and 
former teacher students 
– Björn Hållander (diploma work) 
– David Hedberg (teaching practice) 



Further studies 
– university courses 

• Including more mechanisms of heat, e.g. convection 
(Xie, 2011) 



Discussion opportunity: 
Consequences of climate change 



Most common response 

• Wow, that’s cool! I want one of those! 
• How much do they cost? 

– Handheld IR cameras: 10000 SEK 
– Smartphone bolt-ons: 199-349 USD 

 



Thanks for listening! 

 
 

jesper.haglund@physics.uu.se 



References 

Arnold, M., & Millar, R. (1996). Learning the scientific “story”: A case study in the teaching and learning of elementary 
thermodynamics. Science Education, 80(3), 249-281.  
Cobb, P., Confrey, J., diSessa, A., Lehrer, R., & Schauble, L. (2003). Design experiments in educational research. Educational 
Researcher, 32(1), 9-13. 
Erickson, G. L. (1985). Heat and temperature. Part A: An overview of pupils’ ideas. In R. Driver, E. Guesne & A. Tiberghien 
(Eds.), Children's ideas in science (pp. 55-66). Milton Keynes, UK: Open University Press. 
Lewis, E. L., & Linn, M. C. (1994). Heat energy and temperature concepts of adolescents, adults, and experts: implications for 
curricular improvements. Journal of Research in Science Teaching, 31(6), 657-678.  
Linn, M. C., & Eylon, B.-S. (2011). Science learning and instruction: taking advantage of technology to promote knowledge 
integration. New York, NY: Routledge. 
Piaget, J., & Garcia, R. (1977). Understanding causality. New York, NY: The Norton Library. 
Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation of a scientific conception: Toward a theory 
of conceptual change. Science Education, 66(2), 211-227.  
Schönborn, K. J., Haglund, J., & Xie, C. (2014). Pupils' early explorations of thermoimaging to interpret heat and temperature. 
Journal of Baltic Science Education, 13(1), 118-132.  
White, R., & Gunstone, R. (1992). Probing understanding. London, UK: The Falmer Press. 
Wiser, M., & Kipman, D. (1988). The differentiation of heat and temperature: An evaluation of the effects of microcomputer 
models on students' misconceptions. Paper presented at the Annual Meeting of the American Educational Research Association, 
New Orleans, LA, April 5-9.  
Xie, C. (2011). Visualizing chemistry with infrared imaging. Journal of Chemical Education, 88(7), 881-885. 
Yeo, S., & Zadnik, M. (2001). Introductory thermal concept evaluation: assessing students’ understanding. The Physics Teacher, 
39(8), 496-504.  
 


	Thermal imaging supports the learning and teaching of thermodynamics 
	Heat is hard to learn…
	Now pupils can see heat�– with infrared cameras!
	IR cameras – how do they work?
	Predict-Observe-Explain (POE) 
	IR camera POE experiment
	IR camera images
	Results from study on 7th-graders
	Media attention!
	Our conclusions
	Two classes of 4th-graders
	Two classes of 4th-graders
	Further studies�– upper secondary school
	Further studies�– university courses
	Discussion opportunity: Consequences of climate change
	Most common response
	Thanks for listening!
	References

