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Thermal cameras in school laboratory activities 
Abstract 
Thermal cameras offer real-time visual access to otherwise invisible thermodynamic 
phenomena, which are conceptually demanding for learners during traditional teaching. We 
present three studies of students’ interaction with laboratory activities that employ infrared 
(IR) cameras to teach challenging thermal concepts at grades 4, 7 and 10-12. Visualization of 
heat-related concepts in combination with predict-observe-explain (POE) experiments offers 
students and teachers a pedagogically powerful means for unveiling abstract yet fundamental 
physics concepts. 

Introduction 
Thermal science is central in many science education curricula and involves a range of core 
concepts in physics, chemistry and biology, such as heat and energy. Developing knowledge 
in this area is also crucial for grasping the challenges presented by global warming and 
finding solutions to pertinent environmental issues. However, it remains demanding for 
learners to conceptualise thermal phenomena (Yeo and Zadnik 2001), and we therefore need 
effective interventions in classrooms and laboratories. 

Many school experiments in physics laboratory work are often heavily focused on measuring 
and representing quantities related to core concepts (e.g. plotting graphs, taking instrument 
measurements). However, through the use of increasingly affordable hand-held infrared 
cameras in exploring thermal processes, the focus suddenly shifts from a quantitatively-laden 
approach towards a more qualitative, user friendly, intuitive, and visually rich representation 
of abstract concepts, such as heat and temperature. Thermal imaging relies on detecting 
electromagnetic radiation from solid or liquid surfaces, from which their temperature may be 
derived by means of Planck’s law of blackbody radiation (Vollmer and Möllmann 2010). 

Physics education research has recognised the potential in using IR cameras in physics 
teaching by sharing laboratory exercises primarily aimed for the university level (Vollmer et 
al. 2001; Möllmann and Vollmer 2007; Xie and Hazzard 2011; Pendrill et al. 2012; Xie 
2014; Vollmer and Möllmann 2013; Simon 2014; Michael et al. 2004). To this point, 
however, few studies have reported on students’ interaction with IR cameras, in particular in 
physics teaching at pre-university levels. 

The aim of this paper is to present the design of hands-on laboratory classroom activities with 
thermal cameras and report results of student interaction with the activities in primary and 
secondary physics education. 

School laboratory activities with IR cameras 
Science education research has found that students tend to conflate heat and temperature into 
one undifferentiated heat-related conception (Shayer and Wylam 1981), paralleling historical 
interpretations of thermal phenomena (Wiser and Carey 1983). One phenomenon that has 
been particularly challenging for students to account for is the fact that metals feel colder at 
room temperature than many other materials (e.g. plastic or wood). Apart from the 
(erroneous) conception of our sense of touch as an adequate thermometer, Engel Clough and 
Driver (1985, p. 181) point out: “quite simply students find it difficult to think of conduction 
of heat when they feel cold”. In response, Erickson (1985, p. 59) called for a change in point 
of view: 



If pupils were able to ‘see’ this phenomenon [that metals feel cold at 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. 

In the light of the reported challenges with grasping why metals feel cold at room 
temperature, we thought that IR cameras might be a powerful tool in teaching. With IR 
cameras, students would be able to see heat conduction through metal with their own eyes, 
rather than merely before their minds’ eye. 

We designed a series of IR-camera laboratory activities based on the ‘predict-observe-
explain’ (POE) approach (1992). POE takes the form of the teacher first asking students to 
predict what will happen in the subsequent activity of interest. Next, the students observe 
what occurs while the activity is performed. Finally, the teacher encourages the students to 
explain their observations in light of their initial predictions (see Appendix A for an example 
worksheet of an IR-camera activity following the POE structure). 

7th graders experience heat transfer from thumbs to metal 
In the first IR-camera study, we asked two pairs of 7th graders (12-13 years old) to interact 
with three exercises in a POE fashion. The first exercise involved measuring the temperature 
of a piece of wood, a sheet metal knife, and a beanie, which had been left indoors for some 
time. The second exercise involved holding to the piece of wood and the knife for 2 minutes 
(see Figure 1). The third exercise was measuring three equivalent objects in chilly outdoors 
conditions. For comparison, one pair of students each watched IR still images of the 
phenomena, and digital thermometer measurements, respectively (Schönborn et al. 2014). 

 

Figure 1. Photograph (left) and thermal image (middle) of thumbs in contact with a knife and 
a piece of wood, showing heat conduction through the metal, but not through the insulating 
wood; thermal image (right) of the thumbs, after having been in contact with the metal to the 
left, and with the wood to the right. 

As an outcome of the study, we found that all groups – with or without the use IR cameras – 
expressed a cognitive conflict (Posner et al. 1982) in that the metal felt colder than the wood 
and the woollen beanie, yet had the same temperature. Furthermore, the students who 
watched the heating of the knife (see Figure 1), did not interpret this phenomenon in terms of 
a heat flow through the knife, but as the thumb heating the knife, the knife getting warmed 
up, or noting the rising temperature. They did not spontaneously employ extensive thermal 
quantities, e.g. energy or heat, in their accounts. The frustration with the situation remained at 
the end of the session, which was clearly expressed by one of the pupils: “But metal really is 
just colder!” 



4th graders learn about heat conduction and insulation 
In the next study of our research, we developed a series of IR-camera laboratory activities in 
collaboration with a 4th-grade science teacher, and taught her two parallel classes (N = 46, 
ages 9-11 years) thermal science in accordance with the Swedish grade 4-6 curriculum, 
focusing on heat conduction and insulation of different materials. 

As a consequence of the somewhat discouraging outcome of the 7th graders interactions with 
IR cameras, we concluded that our laboratory activities would have to be accompanied by 
explicit teaching of a simple heat-flow model (Arnold and Millar 1996; Linn and Eylon 
2011). With the model, the pupils were told that heat tends to flow from warm objects to cold 
objects, with which they are in contact, and that insulators may be used to hinder such heat 
flow. 

We used the POE approach in all exercises, including whole-class teaching of the heat-flow 
model and IR camera demonstrations, and in small-group settings, where the pupils interacted 
with the equipment and laboratory tasks together with one researcher or one of their regular 
teachers. In an introductory task focusing on getting to know the equipment and preparing for 
the concept of thermal equilibrium, the pupils were asked to select three objects in the school 
yard and measure their temperatures. The small-group laboratory tasks were: 

• The knife and wood experiment, as developed for the 7th graders. 
• Placing first one hand in cold water and the other in warm water, and then suddenly 

moving them to tepid water, which is experienced differently with the two hands (see 
Figure 2). 

• Pouring hot water in a ceramic coffee mug and thin plastic cup (see Figure 2). 

 

Figure 2. Thermal images of hands after they have been taken out of cold and warm water, 
respectively (left); cold and warm hands put in tepid water (middle); a student looking at a 
coffee mug and a plastic cup with a thermal camera (right).  

Our overall impression was that against the shared experience of the small-group laboratory 
exercises with the thermal cameras, many of the pupils came to adopt the taught heat-flow 
model in their explanations of the studied phenomena. At closer study of one of the groups as 
they interacted with the task of pouring hot water in cups, we found that they focused closely 
on the changing temperatures of the cups as they first warmed up (almost immediately in the 
case of the plastic cup) and then gradually cooled down (Haglund et al. in press). In addition, 
they engaged in spontaneous ‘instant inquiry’ in the form of asking ‘what its’, such as what 
would happen if I blow on the warm water surface, and immediately get an answer by 
performing it and watching with the IR camera as the temperature quickly drops. Similarly, 
one of the pupils proposed that they should see what happens when they put down a pencil in 
the hot water. The pupils predicted that the pencil would “take” or “suck in” the heat, and that 



the surrounding water would get cooler, indicating their conception of the phenomenon as a 
heat-flow scenario. 

Thermal science and mechanics at upper secondary school  
We have adapted the POE-based laboratory tasks used with the 4th graders also to upper 
secondary physics teaching (grades 10-12), and tried them with about 80 students. In addition 
to these tasks focusing on heat conduction, with this age group we have used the IR camera 
for students to experience dissipative processes, including: 

• Watching “heat streaks” emerge and disappear as they rub an eraser against a rough 
surface. 

• Seeing a temperature increase (of about 4 °C) as a metal ball is dropped onto asphalt 
(or a note pad) from the height of 2 m (see Figure 3), and accounting for the energy 
transformation occurring at the point of impact. 

 

Figure 3. Photograph of a student directing the thermal camera to the point of impact of a 
metal ball with an inset thermal camera image of a “heat mark”. 

In traditional teaching it remains elusive for students to understand what happens to the 
kinetic energy during dissipative processes, involving e.g. non-elastic collisions or friction. 
Involved temperature increases are often not detectible through the sense of touch or 
traditional thermometers (Daane et al. 2015). We have tended to attribute any energy losses 
sweepingly to friction or heat in physics teaching, but can now often see a heat mark or streak 
with IR cameras. 

When studying the upper secondary students’ interaction with the tasks and IR cameras, we 
noted that one thing that characterised stronger groups was their tendency to employ 
microscopic explanations of the involved phenomena, e.g. heat conduction and friction. As a 
parallel to the 7th graders’ lack of a heat-flow model, we realised that the IR cameras provide 
disciplinary affordance (Fredlund et al. 2012) to macroscopic thermodynamics concepts (e.g. 



heat and temperature), but not to microscopic ideas involving particle interaction. Other 
visualization technologies, such as molecular interaction simulations (e.g. Xie and Tinker 
2006; Perkins et al. 2006) would be more suited than IR cameras to make such microscopic 
phenomena visible to students. 

Constructing solar air preheaters in an upper secondary school project 
As part of an interdisciplinary activity drawing on technology, physics, and technical writing, 
a grade 12 class constructed solar-driven air preheaters, and then utilised thermal cameras to 
evaluate their designs for efficiency (Figure 4). 

 

Figure 4. A group of students’ air preheater: photograph (left); thermal image of gradual 
heating of air taken in from the bottom right (right). 

All preheaters were propelled by electric fans placed in the intake of cold air or outlet of 
heated air. The students were able to see the preheaters’ windows increasing in temperature 
and locate any heat leakages. Depending on the material and construction choices in their 
designs, they could evaluate which design was best relative to observed patterns of heat flow 
and use this visual information as a tool to improve the efficiency of their preheaters. 

In addition to seeing temperature increases, the students also noticed and discussed several 
thermal phenomena and concepts. For instance, on the day of evaluation of the constructions, 
the fan did not work for one of the groups, but with the help of the IR camera they inferred 
there was still circulation of the air in their preheater, due to hot air rising; a case of heat 
convection.  

Even though the students experienced many thermal phenomena as part of the preheater 
project, this did not necessarily mean that they managed to connect them to the taught 
physical theory. The project and interaction with the IR cameras were found useful for 
understanding heat convection and radiation, but heat conduction remained challenging for 
the students. 

Conclusions 
IR cameras provide an immediate visual feedback about complex thermal processes that are 
difficult for students to experience and learn about. Bringing IR cameras into the classroom 
as part of innovative activities enables students to actively explore abstract thermal concepts 
in a concrete and meaningful fashion. However, as found in the studies with the 7th graders 
and the 12th graders’ air preheater projects, students do not see what they are not yet able to 
see, in these cases heat conduction. The use of IR imaging, just as any educational tool, has to 



come hand in hand with age-appropriate teaching targeted at the students’ level of conceptual 
understanding. 

When introducing IR cameras in physics teaching, the degree of guidance would have to vary 
depending on the age of the students. Intriguingly, in a study of visitors’ interactions with an 
IR-camera exhibit at a science museum, Atkins et al. (2009) found detailed instructions to 
stifle the creativity, in comparison to the vibrant activity that was induced when the visitors 
could find out for themselves how to use the IR camera. 

The most common reaction we get when we present how IR cameras might be used in 
teaching goes along the lines of: “Wow, I want one of these! How much do they cost?” The 
price of the kinds of hand-held IR cameras we have used (FLIR i3 and FLIR E4) is about 
1000 €, which admittedly amounts to a considerable cost for most schools. Recently, 
however, smartphone add-on IR cameras (FLIR ONE and Seek Thermal) have been launched 
in a more attractive price range (about 200 €), making the technology increasingly viable in 
school settings. 
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Appendix A. Worksheet – knife and wooden spoon 

 

Equipment: an infrared camera, a sheet-metal knife, and a wooden spoon 

 

Part 1 

Prediction: Touch the spoon and the knife briefly. What temperatures do you think they 
have? 

Observation: Watch the spoon and the knife with the infrared camera. What temperatures do 
they have? 

Explanation: Explain the outcome of the experiment. Did your observations differ from your 
predictions? 

 

Part 2 

Prediction: One of you will hold the knife and the spoon by their ends for 2 minutes. What 
will it look like on the screen of the infrared camera? 

Observation: Hold the objects by their ends for two minutes, while the other members of the 
group watch the infrared camera. 

Explanation: Explain the outcome of the experiment. Did it differ between the two objects? 
Did your observations differ from your predictions? 

 


	Thermal cameras in school laboratory activities
	Thermal cameras in school laboratory activities
	Abstract
	Introduction
	School laboratory activities with IR cameras
	7th graders experience heat transfer from thumbs to metal
	4th graders learn about heat conduction and insulation
	Thermal science and mechanics at upper secondary school
	Constructing solar air preheaters in an upper secondary school project

	Conclusions
	Acknowledgement
	References

