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Thermal cameras in school laboratory activities 
 
Abstract 
 
Thermal cameras offer real-time visual access to otherwise invisible thermal phenomena, 
which are conceptually demanding for learners during traditional teaching. We present three 
studies of students’ conduction of laboratory activities that employ thermal cameras to teach 
challenging thermal concepts in grades 4, 7 and 10-12. Visualization of heat-related 
phenomena in combination with predict-observe-explain 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 conceptualize 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 
measurements). However, through the use of increasingly affordable hand-held thermal 
cameras, also known as infrared (IR) 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 
recognized the potential of using IR cameras in physics teaching with laboratory exercises 
primarily aimed at 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, 
Vollmer et al 2004). To date, however, few studies have reported 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 conduction of 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 
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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 
occur 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 will 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 discover for themselves how to use the IR camera. A common reaction received 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 types 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: Observe 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 at their ends for 2 minutes. What 
will it look like on the screen of the infrared camera? 
Observation: Hold the objects at their ends for two minutes, while the other members of the 
group observe with the infrared camera. 
Explanation: Explain the outcome of the experiment. Was there a difference between the two 
objects? Did your observations differ from your predictions? 
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