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Main issues addressed here 
➢ Young people receive a vast  

amount of information about 
Earth's climate problems 
through media outlets

➢ How can we teach them to 
critically sort through this 
information

➢ How can science education 
contribute to Education for 
Sustainable Development (ESD)?

➢ Learning in mathematics and 
natural sciences lacks popularity 
among young people

➢ How can teaching science in the 
context of climate contribute to 
increasing motivation for 
scientific learning at secondary 
school?
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The course

6 sequences of 3-4 lessons each: 

➢Temperature

➢Thermal energy

➢Heat propagation and thermal 
expansion

➢Measurable quantities: energy 
density and efficiency, power

➢Ideal gases

➢Calorimetry, thermal balance

Secondary school class 
12 girls / 5 boys (16y old)
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Course example I: Temperatures scales
• Celsius, Fahrenheit, Kelvin

Key concepts: 

➔ correlation 
between two 
physical quantities 

➔ temperature scales

 Q1: what is the highest 
temperature deviation?  
⟹ +4℃

Q2: does that difference 
change in 𝐾𝑒𝑙𝑣𝑖𝑛? 

No, temp. differences in 
℃ 𝑎𝑛𝑑 𝐾𝑒𝑙𝑣𝑖𝑛 𝑎𝑟𝑒 𝑒𝑞𝑢𝑎𝑙



Course example II: Thermal Energy Balance

• Heat propagation, radiation, greenhouse effect

Key concepts: 

➔ incoming/outgoing radiation

➔Absorption, albedo, 
temperature gradient

 Q1: in/out energy balance? 
341 − 102 − 239 = 0 𝑊/𝑚2

Q2: diff. between heat radiated 
at surface and high-atmosphere 
?   396 − 239 = 157 𝑊/𝑚2

➔Radiative forcing

➔Greenhouse effect 

visible

infrared
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Course example III: Electricity consumption

6CH population in 2022: 8’815’400

Example of Exam Questions: 

a) What was the Energy consumption per 
person in CH in 2022, in units of KWh?

answer: 24’107 𝒌𝑾𝒉
b) What is the average electrical power per 
person in CH, in units of kW? 

answer: 0.743 𝒌𝑾
c) How many light bulbs does (b) represent?

answer: ~𝟏𝟐 𝒍𝒊𝒈𝒉𝒕 𝒃𝒖𝒍𝒃𝒔
d) Same question as (c) but only for renewable 
energies?

answer: ~𝟒 𝒍𝒊𝒈𝒉𝒕 𝒃𝒖𝒍𝒃𝒔

Énergie du bois
5%

Charbon
1%

Combustibles 
pétroliers

12%

Carburants
33%

Gaz
13%

Électricité
27%

Autres
9%

Consommation finale d'énergie en Suisse en 2022
par agent énergétique

Total en 2022: 𝟕.𝟔𝟓𝟎𝟓∙〖𝟏𝟎〗^𝟏𝟕 𝑱  

Population en CH 
en 2022:  8'815'400
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I enjoyed the last hours of the physics class

The exercises we did during the last few hours of the physics 
class are useful for daily life.

The topic of the last hours of the physics class was 
understandable.

Student motivation study
• PRE-test at the beginning of the semester

- students did not know the teacher beforehand

- students had a physics course the year before

• POST-test at the end of the semester 
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𝟏 = 𝒇𝒖𝒍𝒍 𝒅𝒊𝒔𝒂𝒈𝒓𝒆𝒆𝒎𝒆𝒏𝒕    to   
   

𝟔 = 𝒊𝒏 𝒇𝒖𝒍𝒍 𝒂𝒈𝒓𝒆𝒆𝒎𝒆𝒏𝒕.



Evaluation of PRE / POST tests 

• Average score per student: 

    𝟐. 𝟎 < 𝑨𝑽. 𝑺𝑪𝑶𝑹𝑬 < 𝟑. 𝟎 for PRE-test

    𝟑. 𝟎 < 𝑨𝑽. 𝑺𝑪𝑶𝑹𝑬 < 𝟒. 𝟎 for POST-test

• Cohen d effect size:

• Item-test correlation:

• Reliability:  

     𝛼𝑃𝑅𝐸 = 0.91 𝛼𝑃𝑂𝑆𝑇 = 0.91

0.70

0.91 0.91
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0.53 – 0.55



Evolution of the course

Present: 

Future:

Order-of-magnitude calculations

Climate labs

Trans-disciplinarity

A first experience showed the didactical 
potential of teaching physics in the 
context of climate

Climate simulations

Encouragements
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https://klimawandel-schule.de/de/der-lmu-klimakoffer

https://apps.apple.com/sg/app/didactic-climate-models/id6469305388 

https://klimawandel-schule.de/de/der-lmu-klimakoffer
https://apps.apple.com/sg/app/didactic-climate-models/id6469305388


Exemple of OoM calculation: the sea level rise
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Sources : 
[1] : https://www.cambridge.org/core/books/abs/global-cryosphere/future-cryosphere-impacts-of-
global-warming/EC9F774EAFFC14EFD31D42A9993D69F6
[2] : http://geoconfluences.ens-lyon.fr/glossaire/ocean
[3] :  https://www.u-picardie.fr/beauchamp/mbg6/oceano/oceano.htm
[4] : https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
[5] : https://lesfluides8sciences.weebly.com/leau.html

• If 𝜌𝑤𝑎𝑡𝑒𝑟1 = 𝜌𝑤𝑎𝑡𝑒𝑟2

⟺ 𝚫𝑽 = 𝑽𝒊𝒎𝒎𝒆𝒓𝒔𝒆𝒅 − 𝑽𝒎𝒆𝒍𝒕𝒆𝒅 𝒊𝒄𝒆 = 𝟎

• If 𝜌𝑤𝑎𝑡𝑒𝑟1 = 1025
𝑘𝑚

𝑚3    𝜌𝑤𝑎𝑡𝑒𝑟2 =

1000
𝑘𝑚

𝑚3

⟺ 𝚫𝑽 = 𝑽𝒊𝒎𝒎𝒆𝒓𝒔𝒆𝒅 − 𝑽𝒎𝒆𝒍𝒕𝒆𝒅 𝒊𝒄𝒆

= 𝟏′𝟏𝟔𝟑. 𝟓 𝒌𝒎𝟑

 ⟺ 𝜟𝒉𝟏 =
∆𝑉

𝑆𝑜𝑐é𝑎𝑛
~ 𝟑 ∙ 𝟏𝟎−𝟑 𝒎

1.2) Expansion due to melting 
of Ice Sheet and Glacier ⟺ 𝜟𝒉𝟐 =

𝑉𝑔𝑙𝑎𝑐𝑒

𝑆𝑜𝑐é𝑎𝑛
~ 𝟖𝟎 𝒎

1.3) Expansion due to 
thermal expansion of water

⟺
𝜟𝒉𝟑

∆𝑇
=

𝛾𝑒𝑎𝑢∙𝑆𝑜𝑐é𝑎𝑛𝑠∙ℎ𝑇ℎ𝑒𝑟𝑚

𝑆𝑜𝑐é𝑎𝑛∙∆𝑇
~𝟐 ∙ 𝟏𝟎−𝟐 𝒎/℃

Physical Quantity / value Source

Arctic Sea Ice Surface

Antarctic Sea Ice Surface

Total Sea Ice Surface

9.5 ∙ 106  𝑘𝑚2

10 ∙ 106  𝑘𝑚2

𝑺𝒃𝒂𝒏𝒒 = 𝟏𝟗. 𝟓 ∙ 𝟏𝟎𝟔  𝒌𝒎𝟐 [1]

Sea Ice Depth 𝒉𝒃𝒂𝒏𝒒 = 𝟐 ∙ 𝟏𝟎−𝟑  𝒌𝒎 [1]

Greenland Ice Sheet Volume

Antarctic Ice Sheet Volume

Glacier Volume

Total Ice Sheet + Glacier 

Volume

2.85 ∙ 106  𝑘𝑚3

24.7 ∙ 106  𝑘𝑚3

0.9 ∙ 106  𝑘𝑚3

𝑽𝒈𝒍𝒂𝒄𝒆 = 𝟐𝟖. 𝟒𝟓 ∙ 𝟏𝟎𝟔  𝒌𝒎𝟑 [1]

Total Ocean Surface 𝑺𝒐𝒄é𝒂𝒏 = 𝟑𝟓𝟕 ∙ 𝟏𝟎𝟔  𝒌𝒎𝟐 [2]

Average Ocean Depth 𝒉𝒐𝒄é𝒂𝒏 = 𝟑. 𝟖 𝒌𝒎 [3]

Ocean Thermocline 𝒉𝑻𝒉𝒆 𝒓𝒎 = 𝟎. 𝟏 𝒌𝒎 [4]

Thermal Expansion Coefficient of 
Water

𝜸𝒆𝒂𝒖 = 𝟐. 𝟏 ∙ 𝟏𝟎−𝟒  ℃−𝟏 [4]

Density of Saltwater 𝝆𝒐𝒄é𝒂𝒏 = 𝟏𝟎𝟑𝟎 𝒌𝒈/𝒎𝟑 [5]

Density of Freshwater 𝝆𝒆𝒂𝒖 = 𝟏𝟎𝟎𝟎 𝒌𝒈/𝒎𝟑 [5]

Density of Ice 𝝆𝒈𝒍𝒂𝒄𝒆 = 𝟗𝟏𝟕 𝒌𝒈/𝒎𝟑 [5]

1.1) Expansion due to 
melting of Ice Surface

https://www.cambridge.org/core/books/abs/global-cryosphere/future-cryosphere-impacts-of-global-warming/EC9F774EAFFC14EFD31D42A9993D69F6
https://www.cambridge.org/core/books/abs/global-cryosphere/future-cryosphere-impacts-of-global-warming/EC9F774EAFFC14EFD31D42A9993D69F6
http://geoconfluences.ens-lyon.fr/glossaire/ocean
https://www.u-picardie.fr/beauchamp/mbg6/oceano/oceano.htm
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://lesfluides8sciences.weebly.com/leau.html
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