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Setting the stage (I)
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Éducationau développementdurable (EDD): en tant ǉǳΩƻōƧŜŎǘƛŦ
étatique ancré dans la Constitution, le développementdurable
forme un thème transversalimportant, dansle sensdesobjectifs
deƭΩŜƴǎŜƛƎƴŜƳŜƴǘgymnasial. Il se prête particulièrementbien à
unemiseenǆǳǾǊŜdansun cadreinterdisciplinaire

https://edudoc.ch/record/232279/files/Plan-etudes-cadre-ecoles-maturite.pdf 
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Setting the stage (II)
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Societal Issues as a Driver for Teaching Energy
Physics curricula still focus mainly on 19th-century ŜƴŜǊƎȅ ŎƻƴŎŜǇǘǎΦ ¢ƻŘŀȅΩǎ ŜƴŜǊƎȅ 
education must go beyond classical physics. Students also need to understand:
üTechnology
üEconomics
üSociety

Ecourage teaching energy through the societal challenge of energy transition
Å WŀŎǉǳŜǎ ±ƛƴŎŜΣ !ƴŘǊŞŜ ¢ƛōŜǊƎƘƛŜƴΣ ά9ƴǎŜƛƎƴŜǊ ƭΩŞƴŜǊƎƛŜ Ŝƴ ǇƘȅǎƛǉǳŜ Ł ǇŀǊǘƛǊ ŘŜ ƭŀ ǉǳŜǎǘƛƻƴ ǎƻŎƛŀƭŜ Řǳ ŘŞŦƛ 

ŞƴŜǊƎŞǘƛǉǳŜέΣ wŜǾƛŜǿ ƻŦ {ŎƛŜƴŎŜΣ aŀǘƘŞƳŀǘƛŎǎ ŀƴŘ L/¢ 9ŘǳŎŀǘƛƻƴΣ сόмύΣ уф-124, 2012

Å Bennett, J., Lubben, F., & Hogarth, S. (2007). Bringing science to life : A synthesis of the research evidence on the effects of context-based and 

STS approaches to science teaching. Science Education, 91(3), 347-370. https://doi.org/10.1002/sce.20186 

Å Kuhn, J., Müller, A., Müller, W., & Vogt, P. (2010). Kontextorientierung im PhysikunterrichtτKonzeptionen, Theorien und Forschung zu Motivation 

und Lernen. In Praxis der NaturwissenschaftenτPhysik in der Schule (Vol. 59, Nu-méro 5, p. 13-25)

Context-based learning connects physics teaching to real-world applications, such as 
climate change, helping to counter declining interest in science education.

https://doi.org/10.1002/sce.20186
https://doi.org/10.1002/sce.20186
https://doi.org/10.1002/sce.20186
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Course highlights

üTemperature

üThermal energy

üHeat propagation and thermal 
expansion

üMeasurable quantities: energy 
density and efficiency, power

üIdeal gases

üCalorimetry, thermal balance, 
greenhouse effect
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6 sequences of 3-4 lessons:

Target population: 
Gymnasium (Collège) 2nd / 3rd year



Course highlights: Temperature
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Source: Parrenin et al. 2013; Snyder et al. 2016; Bereiter et al. 2015. Source: https://data.giss.nasa.gov/gistemp/maps/

ČTemperature scales and Ὕ
ČReal Data on temperature anomalies

https://data.giss.nasa.gov/gistemp/maps/


Course highlights: Heat propagation

ČHeat propagation

ČThermal Expansion 

ČVisible vs Infrared radiation 

Thermography of buidlings

transmitivity of / 
permeability of  I.R. 
radiation using various 
probes
Č Glass closest to  
behaviour of clouds 
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Course highlights: Calorific value of fuels
Mass and Volumetric Density of 
Energy of fossil fuels vs hydrogen

Consider the problem under the scope of  
Production / Storage / Distribution of Ὄ

ČEnergy Densities

Č9ƴŜǊƎȅ ƴŜŜŘǎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ  άƳƻŘŜǊƴ 
ƘǳƳŀƴǎέ ƛƴ ὰ Oil/year/person

Source: François Maréchal ς EPFL ς Fotmation Continue CRP Sep. 2023/Champéry



Course highlights: Energy, Power and Efficiency
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ČEnergy forms, power and 
efficiency

ČEnergy transfers / 
Transformation /  
Conservation

Č1st and 2nd principles of 
Thermodynamics

CƻǊƳŜ ŘΩŞƴŜǊƎƛŜ όǎǘƻŎƪŞŜύ
ou état du système

¢ǊŀƴǎŦŜǊǘ ŘΩŞƴŜǊƎƛŜ ŜƴǘǊŜ 
systèmes

Cinétique
Travail

Ondes mécaniques

Chaleur

Rayonnement EM

Courant électrique

Potentielle (gravitationnelle, élastique, 
ŞƭŜŎǘǊƛǉǳŜΣ Χύ

Thermique

Chimique

Nucléaire (de masse)

Machineou système Rendement
Moteur à explosion 30%
Moteur à hydrogène 70%(Électrolyse)* 50%(pile+mot. él.) =35%
Moteur électrique 70%à90%(mais55%stockage/charge)
Ampoule à incandescence 5%
Ampoule à fluorescence 20%à25%
Centrale nucléaire 30%
Centrale hydroélectrique 85%

EnergyBalance appliedto Sun-Earth

Energydegradation
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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 in 2022: . Ͻ ^ ╙  

Population en CH 

Course highlights: Electrical energy&power in CH

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

ŀƴǎǿŜǊΥ нпΩмлт ▓╦▐

b) What is the average electrical power per 
person in CH, in units of kW? 

answer: 0.743 ▓╦

c) How many light bulbs does (b) represent?
answer: ͯ  ■░▌▐◄╫◊■╫▼

Source: https://www.bfe.admin.ch/bfe/ fr/home.html



Course highlights: Thermal equilibrium
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Č[ŀō ŀōƻǳǘ ōƻŘƛŜǎ όά9ŀǊǘƘέΣ ōƭŀŎƪΣ ǿƘƛǘŜύ 
irradiated by visible light

ČThermal equilibrium 



Course highlights: Natural greenhouse effect

                  absorbed         and          radiated      energy

“ɇὙ ɇπȢχπɇὛ
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Stefan-Boltzmann lawSun

Č Energy balance: Ὕ ρψᴈ
Č In reality Earth temperature stabilised at ͯ ρυᴈ
      How to explain such difference of σσᴈ  ?  

albedo
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Course highlights: Energy balance in atmosphere

incoming/outgoing radiation, 
absorption, albedo, 

Q1: in/out energy balance? 
στρρπςςσωπὡȾά

Q2: diff. between radiation at 
ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ƛƴ ǘƘŜ 
high-atmosphere ?

 σωφςσωρυχὡȾά

ČGreenhouse effect 
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ÅRadiated energy = surface under the curve
Å¢ƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ōƭƻŎƪǎ ǇŀǊǘ ƻŦ ǘƘŀǘ 

emission spectrum: wavelength gap 

Integrated powerȡ
 ╦Ⱦ□

Č Radiative Forcing

Int. power:

 ᴈ

 ᴈ

Source: ScienceEtonnante https://www.youtube.com/watch?v=ewc8FBtEKPs 

Course highlights: Anthropogenic greenhouse effect

ÅThe Earth compensates that gap by increasing 
its surface temperature

14

Without Atmosphere With Atmosphere

Int. powerȡ

https://www.youtube.com/watch?v=ewc8FBtEKPs


Pedagogical Added Value

Past: 

Present

Future Order -of -magnitude calculations

Climate labs

Interdisciplinarity

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

Climate simulations

Encouragements

15
Č Supportedby motivation and conceptualability studies (seebelow)



Spectral flux [
ɇ

]

Source: Groupe intergouvernemental ŘΩŜȄǇŜǊǘǎsur ƭΩŞǾƻƭǳǘƛƻƴ du climat (Giec) © Leland 
McInnes, Giec, Wikipédia, CC by-sa3.0Source: http://www.co2science.org/articles/V24/sep/a2.php 

Added value: Climate facts

Contributions to radiative forcing
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Effect of ╒╞  concentration 
on radiative forcing

Doubling ╒╞  from ▬▬□ to 
▬▬□ results in added forcing 

of ╦Ⱦ□ , the tiny area 
between the black and red curves

http://www.co2science.org/articles/V24/sep/a2.php


1) Sea level rise

Added value: Order of Magnitude calculations
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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

Å If ” ”
╥ ╥░□□▄►▼▄▀╥□▄■◄▄▀░╬▄

Å If ” ρπςυ   ”

ρπππ

╥ ╥░□□▄►▼▄▀╥□▄■◄▄▀░╬▄
Ȣ▓□

 ◕▐
Ў

ï
ͯ ɇ □

1.2) Expansion due to melting 
of Ice Sheet and Glacier

◕▐
ï
ͯ □

1.3) Expansion due to thermal 
expansion of water

◕▐

Ў

ɇ ï ɇ

ïɇЎ
ͯ ɇ □Ⱦᴈ

Physical Quantity / value Source

Arctic Sea Ice Surface

Antarctic Sea Ice Surface

Total Sea Ice Surface

ωȢυɇρπ Ὧά

ρπɇρπ Ὧά

╢╫╪▪▲ Ȣɇ  ▓□ [1]

Sea Ice Depth ▐╫╪▪▲ ɇ  ▓□ [1]

Greenland Ice Sheet Volume

Antarctic Ice Sheet Volume

Glacier Volume

Total Ice Sheet + Glacier 
Volume

ςȢψυɇρπ Ὧά

ςτȢχɇρπ Ὧά

πȢωɇρπ Ὧά

╥▌■╪╬▄ Ȣ ɇ  ▓□ [1]

Total Ocean Surface ╢▫╬ï╪▪ ɇ  ▓□ [2]

Average Ocean Depth ▐▫╬ï╪▪ Ȣ ▓□ [3]

Ocean Thermocline ▐╣▐▄►□ Ȣ ▓□ [4]

Thermal Expansion Coefficient of 
Water

♬▄╪◊ Ȣɇ  ᴈ [4]

Density of Saltwater ⱬ▫╬ï╪▪  ▓▌Ⱦ□ [5]

Density of Freshwater ⱬ▄╪◊  ▓▌Ⱦ□ [5]

Density of Ice ⱬ▌■╪╬▄  ▓▌Ⱦ□ [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
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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
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
http://geoconfluences.ens-lyon.fr/glossaire/ocean
http://geoconfluences.ens-lyon.fr/glossaire/ocean
https://www.u-picardie.fr/beauchamp/mbg6/oceano/oceano.htm
https://www.u-picardie.fr/beauchamp/mbg6/oceano/oceano.htm
https://www.u-picardie.fr/beauchamp/mbg6/oceano/oceano.htm
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://planet-terre.ens-lyon.fr/ressource/montee-mer.xml
https://lesfluides8sciences.weebly.com/leau.html


Added value: Order of Magnitude calculations
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2) Radiative forcing due to aviation:
- CO2
- Contrail cirrus clouds
- Nitrogen Oxides (NOx)
- Others

3) Cement production:
- Contribution to overall ὅὕ emissions: Ϸ

- Thermal emissions:  35%
- Chemical emissions:  65%
    (ὅὥὅὕ ὅὥὕὅὕ) 

https://www.eea.europa.eu/publications/transport-and-environment-report-2022/annex-8-air-traffic 

In 2019, aviation contributed to 
3.6% of total GHG emissions in 
Europe (EASA et al, 2019) and  non-
╒╞  GHG contribute 66% of  
radiative forcing due to aviation

Sources: 
https://www.iea.org/ 
https://www.cembureau.eu/ 

4) Main sectors contributing to energy 
production and  ╖╗╖ emissions in 

38%

17%

43%

https://www.bfe.admin.ch/bfe/fr/home/approvisionnement/statistiques-et-
geodonnees/statistiques-de-lenergie/statistique-globale-de-l-energie.html/ 

31%

20%

20%

16%
Sources: 
https://www.bafu.admin.ch/fr/indicateurs 

<2%

https://www.eea.europa.eu/publications/transport-and-environment-report-2022/annex-8-air-traffic
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https://www.bafu.admin.ch/fr/indicateurs


Added value: Climate laboratories
Idea: let students measure and understand themselves relevant 
parameters of climate physics (https://klimawandel-schule.de/de/der-lmu-klimakoffer)
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Der Klimakoffer

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


Added value: Climate laboratories
1) Radiative equilibrium 2) Permeability / transmittivity 

of infrared radiation

4) Sea level rise

3) Multiple representations

J.Scheid, A.Müller et al, 
https://journals.aps.org/prper/abstract/10.1103/PhysR
evPhysEducRes.15.010142

Back to OoM calculation (slide 21):
Å Observed: ЎὬͯ □□

Å Calculated: ЎὬ
Ў

ɇ

ɇ ɇЎ

ɇ
Ȣɇ ɇ ɇ

ɇȢɇ
Ȣ□□

5) Oceans 
as climate 
buffer

White body

Black body

Ice Sheet  vs  Ice Surface

Temperatureas a functionof time

https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.010142
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.010142


Added value: Climate laboratories
6) The effect of CO2 

Sodium bicarbornate + 
Citric acid + Water

Infrared source
Ґ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ

Air container
Ґ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ

Thermometer Outcome of the experiment: with a 
modest amount of ὅὕ  added  to the 
container, the equilibrium temperature 
went up by Ȣᴈ !

time (min)

T
e
m

p
 (ᴈ

)



Added value: Climate simulations

- Study the temperature convergence 
by varying several key climate 
parameters: ╒╞  ppm, albedo, Solar 
ƛƴǇǳǘ ǊŀŘƛŀǘƛƻƴΣ ΧΦ
ü 0-dim mode (Earth average) and 
ü 1-dim mode (latitude dependence)

Students can work on smartphones or 
tablets, both in class and at home 

Sources for Apple and Android :

https://apps.apple.com/sg/app/didactic-climate-models/id6469305388 and https://play.google.com/store/apps/details?id=ch.unige.climatemodel 
22

Written in Swift code, easy to 
handle for students

άDidactic climate modelsέ ōŀǎŜŘ ƻƴ 9ƴŜǊƎȅ .ŀƭŀƴŎŜ aƻŘŜƭ 

https://apps.apple.com/sg/app/didactic-climate-models/id6469305388
https://apps.apple.com/sg/app/didactic-climate-models/id6469305388
https://apps.apple.com/sg/app/didactic-climate-models/id6469305388
https://apps.apple.com/sg/app/didactic-climate-models/id6469305388
https://apps.apple.com/sg/app/didactic-climate-models/id6469305388
https://play.google.com/store/apps/details?id=ch.unige.climatemodel


Added value: Climate simulations
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Good experimental work and very positive feedback by students 

Studying the albedo 
as a function of 
latitude 

Tipping Point

Minimum clouds

Maximum clouds
Varying the Solar 
constant

╢ Ϸ ╣▄▲◊ ᴈ

╢ Ϸ ╣▄▲◊ ᴈ

╢ Ϸ ╣▄▲◊ ᴈ



Added value: Climate simulations
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άClimate analogues ς Citiesέ 
2024 20902050

Sources for Apple and Android :

https://apps.apple.com/us/app/climate-analogues-cities/id6450589788 and https://play.google.com/store/apps/details?id=fr.example.twinsversionandroid 

https://apps.apple.com/us/app/climate-analogues-cities/id6450589788
https://apps.apple.com/us/app/climate-analogues-cities/id6450589788
https://apps.apple.com/us/app/climate-analogues-cities/id6450589788
https://apps.apple.com/us/app/climate-analogues-cities/id6450589788
https://apps.apple.com/us/app/climate-analogues-cities/id6450589788
https://play.google.com/store/apps/details?id=fr.example.twinsversionandroid


Added value: Encouragements
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Increase of geothermal energy in 1990-2023    

Ökostrom liefert ͯ Ϸ des Verbrauchs 2024 

Limestoned Calcined Clay Cement (╛╒) very promising 

Cities are at the frontline of the energy transition
Č They produce 70% of the global ὅὕ  emissions
Č Act where it is the most efficient

https://www.iea.org/news/cities-are-at-the-frontline-of-the-energy-transition 

https://urbantransitions.global/en/publication/climate-emergency-

urban-opportunity/ 

https://icccsc2024.ceramsoc.com/ 

https://www.epfl.ch/labs/lmc/ 

https://geothermie-schweiz.ch/wp_live/wp-content/uploads/2024/09/11832-
geothermiestatistik_schweiz_ausgabe_2023-final.pdf 

https://www.destatis.de/DE/Presse/Pressemitteilungen/2025/03/PD25_0
91_43312.html 

https://lc3.ch/ 

https://www.iea.org/news/cities-are-at-the-frontline-of-the-energy-transition
https://www.iea.org/news/cities-are-at-the-frontline-of-the-energy-transition
https://www.iea.org/news/cities-are-at-the-frontline-of-the-energy-transition
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https://icccsc2024.ceramsoc.com/
https://www.epfl.ch/labs/lmc/
https://geothermie-schweiz.ch/wp_live/wp-content/uploads/2024/09/11832-geothermiestatistik_schweiz_ausgabe_2023-final.pdf
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https://geothermie-schweiz.ch/wp_live/wp-content/uploads/2024/09/11832-geothermiestatistik_schweiz_ausgabe_2023-final.pdf
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https://www.destatis.de/DE/Presse/Pressemitteilungen/2025/03/PD25_091_43312.html
https://www.destatis.de/DE/Presse/Pressemitteilungen/2025/03/PD25_091_43312.html
https://lc3.ch/


Added value: Encouragements

https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/ 

The Ozone Hole: closing the gap !

https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
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https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
https://science.nasa.gov/earth/earth-observatory/the-ozone-hole-closing-the-gap/
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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.

{ǘǳŘŜƴǘΩǎ motivation study
ÅPRE-test at the beginning of the semester

- students did not know the teacher beforehand

- students had a physics course the year before

ÅPOST-test at the end of the semester 
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What are we measuring?

ÅResponses range from    █◊■■▀░▼╪▌►▄▄□▄▪◄    to      
░▪█◊■■╪▌►▄▄□▄▪◄.

Psychometric quality of the test

ÅRelevant test-parameters:

o Cohen d effect size :  
Ӷ ȟ          (πȢς weak, πȢυ average, πȢψ strong)

o item-test correlation :  ὶ В  (aim: πȢς)

o Internal consistency (reliability) : ‌ ρ
В

   (aim πȢψπ) 

28PHYSICAL REVIEW SPECIAL TOPICS - PHYSICS EDUCATION RESEARCH 5, 020103 (2009) 

Lin Ding & Robert Beichner, Approaches to data analysis of multiple-choice questions 



2023 study: PRE/POST results 

ÅAverage score per student: 

    Ȣ ═╥Ȣ╢╒╞╡╔Ȣ for PRE-test

    Ȣ ═╥Ȣ╢╒╞╡╔Ȣ for POST-test

ÅCohen d effect size =

ÅItem-test correlation =

ÅReliability:  

     ‌ πȢωρ ‌ πȢωρ

1.12

0.91 0.91
ὶ 0.2

item
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0.50

2.64
3.50

16 students, Collège 2nd year
(12 girls, 4 boys)



RA7.7. Les exercices que nous avons faits 
lors des dernières heures du cours de PY se 
réfèrent à la vie quotidienne.

IE23.23. Les dernières heures du cours de 
PY m'ont plu.

RA10.10. Les thèmes (le contenu) des 
dernières heures du cours de PY sont utiles 
pour la vie quotidienne.

RA21.21. Les dernières heues du cours de 
PY ont traité de choses de la vie 
quotidienne.

Sk3.3. Le sujet des dernières heures du 
cours de PY était compréhensible.

Sk18.18. Les exercices des dernières heures 
du cours de PY m'ont permis de mieux 
comprendre le sujet traité.

Most positive responses:

RA24.24. Les thèmes (les sujets) des 
dernières heures du cours de PY sont utiles 
pour des choses auxquelles je suis 
confronté en-dehors de ƭΩŞŎƻƭŜ.
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Item

2023: PRE/POST results per item  
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Student

2023: PRE/POST results per student 
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Change in average motivation (Y) of each 
student (X) between the pre-test (blue) and 

the post-test (orange).

Study published in Progress In Science Education (PRISE): Vol. 7 No. 2 (2024) / 
https://doi.org/10.25321/prise.2024.1456 

https://e-publishing.cern.ch/index.php/prise/issue/view/165
https://doi.org/10.25321/prise.2024.1456
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2023: PRE/POST results per dimension
Interest, Commitment (IE): Reality, Authenticity (RA): Concept de soi (SK):

¢ŀƛƭƭŜ ŘΩŜŦŦŜǘ Υ Cohen d = ¢ŀƛƭƭŜ ŘΩŜŦŦŜǘ Υ Cohen d = ¢ŀƛƭƭŜ ŘΩŜŦŦŜǘ Υ Cohen d =0.72 2.30 1.11
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