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About the Schools Tune 
Into Mars (STIM) project

The overall objective of the Schools Tune Into Mars (STIM) project 
is to provide teaching materials for inspirational lessons related to Earth and space science in 
general and planetology in particular. The project’s materials are based on the latest developments 
in space research and education, and meet teachers’ needs for opportunities in professional 
development, making use of particular scientific concepts in planetology and planetary seismology.

TheThe Schools Tune Into Mars (STIM) project brings together a network of schools and organisations 
with an interest in space education and studies related to the planet Mars. Thus, STIM provides 
sufficient and appropriate guidance to underpin innovative activities that are developed as part of a 
co-constructive process between researchers and teachers.

SchoolsSchools Tune Into Mars was initiated as a multi-stakeholder project funded by the Erasmus+ 
Programme and is a joint initiative of Lycée International de Valbonne, France, European Schoolnet, 
Belgium, Asociación Española para la Enseñanza de las Ciencias de la Tierra, Spain and the 
National Institute for Earth Physics, Romania.

Several complementary activities will be developed as part of the STIM project, including:
●●       A programmatic document based on STIM resources (e.g. hands-on activities, activities based 
on data recorded on Mars, experiments and webinars dedicated to teachers) supported by a study 
aiming to assess the need and opportunity of STIM resources for teachers.
●       A pedagogical guide to support the use of resources from space missions in classrooms.
●       A Massive Open Online Course (MOOC) entitled “Bring Mars missions into the classroom”, 
which will provide online training to teachers in order to use innovative teaching materials related to 
Mars space missions in classrooms.
●●       Recommendations for the creation of a Mars-Edu network to set the scene for an innovative 
and long-term collaborative network on space education related to Mars missions.
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Table I. STEM skills and its definition.

Creativity Creativity is the ability to achieve a production that is at the same time original, 
innovative and adapted to the problem...
It is essential to teach students to explore beyond their knowledge, deconstructing, 
recombining and restructuring their ideas. But also, to let them make mistakes so that 
they have the courage to take risks.

Collaboration The teams in the laboratories are composed of scientists, each with his or her own 
specialty and each contributing element to the group's research. It is fundamental to 
teach students to work together to solve a scientific problem
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The scientific skills developed in subjects such as mathematics, earth sciences and 
engineering are fundamental and must be applied in the search for solutions.

Science Skills

This method consists of identifying a scientific problem, exploring potential hypotheses, 
designing experiments, and testing them several times in order to be certain of the results 
obtained.

Scientific 
Method

Inquiry SkillsInvestigative techniques consist in observing and analyzing complex situations. But 
also, to interpret the results obtained, to share and reflect on the answers. 
The student contributes actively to the investigation.

STEM Skills Definition
Problem 
solving

Teaching students to identify a scientific problem requires learning to observe and analyze 
a complex real-life situation

The teaching of STEM contributes to the formation of critical thinking by apprehending the 
current world and its evolution from a scientific perspective.
The student will learn to observe, analyze a complex situation, review scientific facts 
before concluding.

Critical 
Thinking

The innovative approach of 
STEM activities

This guide aims to assist teachers in implementing STEM education in the fields of 
planetology and planetary seismology.

They bring a particular perspective, alongside and in addition to other perspectives, to 
enrich ethical approaches to the lively issues of society.

STEM (Science, Technology, Engineering, and Mathematics) skills are real-world 
problem-solving skills you can develop in the classroom with students (Table I).

STEM skills 

While the word STEM can be interpreted as the acronym of Science, Technology, 
Engineering and Mathematics, it can also be treated as a whole, representing 
interdisciplinary science teaching and learning. Take for example the definition below:

"STEM education is an interdisciplinary approach to learning where rigorous 
academic concepts are coupled with real-world lessons as students apply Science, 
Technology, Engineering, and Mathematics in contexts that make connections 
between school, community, work, and the global enterprise enabling the 
development of STEM literacy and with it the ability to compete in the new 

economy." (Tsupros, 2009)

Teaching STEM activities



STEM skills are in demand in almost any career field. While jobs like engineers or environ-
mental scientists may be some of the first STEM, STEM skills are also needed for careers 
across all levels and areas of the planetology (Table II)

StudyCareer STEM Skills

- Problem solving
- Creativity
- Inquiry skills
- Scientific method

Earth’s materials and their spatial distribution, the processes 
that form and destroy them, and the Earth’s history.

Geologists

- Problem solving
- Inquiry skills
- Scientific method
- Collaboration

The climate, defined as weather conditions averaged over a 
long period of time. The evolution of climate as well as the 
planetary distribution of the main so-called “climatic” zones.

Climatologists

- Problem solving
- Science skills
- Scientific method
- Collaboration

Celestial objects, including planets’ moons, stars, nebulae, 
galaxies and comets; their spatial distribution and evolution 
over time

Astronomers

- Creativity
- Science skills
- Scientific method
- Collaboration

Earthquakes and related phenomena, such as tsunamis. The 
propagation of seismic waves and the evolution of seismicity 
over geological time.

Seismologists

- Problem solving
- Creativity
- Critical thinking
- Collaboration

Carrying out missions in outer space for scientific and 
technological purposes.

Astronauts

- Creativity
- Science skills
- Critical thinking
- Collaboration

Volcanoes, magma and volcanic products. The processes that 
cause volcanism as well as typical volcanic landscapes.

Volcanologists

- Problem solving
- Creativity
- Science skills
- Collaboration

Designing and building aircraft, which can be piloted by 
humans or automated. Investigating new materials and fuel for 
spacecraft.
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Aeronautical 
Engineers

- Creativity
- Inquiry skills
- Scientific method
- Collaboration

The composition and structure of the different layers of the 
atmosphere with a focus on the meteorological phenomena 
that take place in the troposphere (the lowest layer of Earth’s 
atmosphere)

Meteorologists

- Problem solving
- Science skills
- Scientific method
- Collaboration

The origin, evolution and possible future of the Universe, from 
the Big Bang to nowadays as well as its possible future 
evolution.

Cosmologists

- Problem solving
- Science skills
- Scientific method
- Collaboration

The physical properties of Earth’s surface and interior, 
including the magnetic, electric, and gravitational fields; its 
mechanical behaviour, especially the transmission of seismic 
waves through its layers. 

Geophysicists

- Problem solving
- Science skills
- Scientific method
- Collaboration

The composition of Earth’s materials, such as rocks and 
sediments, as well as the composition of chemicals found in 
groundwater. 

Geochemists

Table II. STEM skills, careers and areas of the study.

Where are STEM skills needed?



The Greek philosopher Aristotle is sometimes called the father of scientific method, but many 
others have contributed to the scientific method as it has evolved. 
They include the Islamic scholar Ibn al-Haytham, who developed a process for creating a 
hypothesis and systematic experimentation, or Sir Francis Bacon, who emphasised the 
importance of inductive reasoning. 
Sir Isaac Newton relied on both inductive and deductive reasoning to explain the results of 
his experiments and Galileo Galilei emphasised the idea that results should be repeatable. 
OtherOther well-known contributors to the scientific method include Karl Popper, who introduced 
the concept of falsifiability and Charles Darwin, who is known for using multiple 
communication channels to share his conclusions.

The scientific method is an 
approach to seeking knowledge 
that involves forming and testing a 
hypothesis. This methodology is 
used to answer questions in a wide 
variety of disciplines outside 
science, including business. 
ScientificScientific method provides a 
logical, systematic way of 
answering questions and removes 
subjectivity by requiring each 
answer to be authenticated with 
objective evidence that can be 
reproduced. 

There is not a single correct way to 
list the steps in scientific method. 
Regardless of how they are 
documented, the scientific 
method’s aim is to gather data that 
will validate or invalidate a 
cause-and-effect relationship. 
ScientificScientific method is often carried 
out in a linear manner, but the 
approach can also be cyclical, 
because once a conclusion has 
been reached, it often raises more 
questions.

Figure 1. Scientific method.
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Practices for dynamic 
teaching

IBSE adopts John Dewey’s principle that education begins with curiosity (Savery, 2006), and 
makes students go through all the steps of scientific research: ask a question, develop a hy-
pothesis, plan how to test this hypothesis, collect data, analyse the results and share it with 
peers (Pedaste et al. 2015). IBSE is ideal for science education, because it makes teaching 
more hands-on, and is perfect for learning how scientific research works. Students learn how 
to formulate questions answerable through experimentation. The teacher has both a facilita-
tor role and an instructor role, making it an in-between method compared to full facilitation in 
problem-based learning, and instruction in project-based learning. However, the approach 
can be gradually made student-directed; students can start an IBSE project with a question 
provided by the teacher, and then come up with their own questions to transfer what they 
learned for deeper learning.

IBSE does not only tap into creativity, problem-solving, and critical and analytical thinking. It 
also sets the stage for learning about how to collect and interpret data (become science- and 
data-literate), and how to do this ethically and reliably. All these are skills of the 21st century, 
where data are abundantly available in every part of life.

Problem-based learning (PBL) is a student-centred multi-disciplinary method that was 
initially adopted in medical education as a means to put multiple topics in context (Newman, 
2003). PBL aims to make students good problem-solvers in the real world: for instance, to 
put knowledge from multiple disciplines into use, and be able to work with others 
productively. After all, real-world problems are hardly ever solvable by one single discipline 
and one single person.

AA PBL activity consists of working on an open-ended, even ill-defined question, with no 
solution provided by the teacher. Students need to work collaboratively and devise a solution 
to the problem by themselves. The key component is that it is student-centred; students are 
more motivated when they are responsible for the solution to the problem, and when the 
whole process rests with them (Savery, 2006). Decades of research have established that 
although students who went through PBL do not necessarily score better on standardised 
exams, they are definitely better problem-solvers (Strobel & van Barneveld, 2009).

Project-basedProject-based learning also involves collaborative learning and finding a solution to a 
problem. However, the process and the end product are more clearly specified from the 
beginning. Students work on a project for an extended period of time, a project that will 
produce a solution to a complex question or solve a complicated problem. The role of the 
teacher is more active here because multiple obstacles are typically encountered in the 
production of something like a rocket or a space habitat, and these obstacles mark the times 
when the teacher intervenes to instruct specific topics.

Problem-, project- and challenge-based learning
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Finally, with challenge-based learning (CBL) (Johnson et al. 2009), students are again asked 
to develop a solution to a problem. However, they are only provided with a “big idea”, a 
societal problem that they need to address with a challenge of their choosing (e.g. disinterest 
in mathematics, low turnout in elections). While the use of technology can be considered 
optional in other trends, technology needs to be incorporated in every step in CBL. Similar to 
project-based learning, there is an end product, although this product is determined in the 
process, not at the beginning. The focus is on the use of ICT in the collection of data and 
sharing of results..sharing of results..

In a classroom where all the students are facing the instructor, there will always be students 
drifting away from the topic, even if only to think more about a specific point in the lecture. It 
is challenging to have the undivided attention of the whole classroom because each student 
has a different way of learning and a different pace. With online content, students can learn 
the material at home at their own pace. In turn, the teacher can use the classroom to engage 
students in debates, projects and group assignments. Blended learning and the flipped 
classroom are instructional strategies that help students learn at their own pace, and deepen 
theirtheir learning by making the most of classroom hours. Although these concepts are used 
interchangeably, they are slightly different: while blended learning is a mixture of online 
learning and class instruction and support, the flipped classroom requires students to learn 
the material before coming to class and do assignments and projects during class hours.
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Blended learning and the flipped classroom

If IBSE recreates scientific methodology in the classroom, design thinking (DT) does the 
same for design and prototype production. DT helps students develop the skills required to 
identify problems and needs in society and business. DT can be implemented within problem 
or project-based learning; the difference is that the problem is identified by students, and the 
end product is a prototype to solve the problem. The product is tested and refined in multiple 
iterations. Students go through a cycle of steps: (1) empathise; (2) define; (3) ideate; (4) 
prototype; (5) test.

Design thinking 



Place-based education (PBE) immerses students in their local environment, heritage, 
cultures, landscapes, opportunities and experiences. Underlying PBE is the notion that 
learning can be achieved through participation in service projects for the school or local 
community. Research has found PBE to boost students’ engagement, academic 
achievements and/or personal efficacy as stewards of their local environment. One example 
of place-based education is civic ecology pedagogy. In this approach, participants function 
as stewards of their environment through practices such as community gardening, 
communitycommunity forestry, and watershed restoration. Project-based learning can also be applied 
as PBE by giving students the chance to resolve issues in and conserve the local 
environment. Successful PBE takes place on-site in or close to the school, is personally 
relevant to the learner, supports the community, is interdisciplinary, grounded in love for 
one’s place, promotes understanding of the relationship between regional and global issues, 
and — importantly — fuels a positive interactive cycle of learning.

Action learning is a form of experimental learning where students make each other question 
their assumptions and, optimally, experience a paradigm shift before applying their learning 
in new situations. In the context of PBE, action competence learning involves shared 
decision making, collaboration in planning, implementation and evaluation of projects, and 
engages youth to take action on place-based issues.

Action learning and place-based education

8



Allows students to identify a problem, make assumptions 

innovative 
classroom 
practices

Aquarium

Exhibition

Debate

Wokshops

W orld 
coffee

Innovative classroom 
practices

The aquarium method thus proposes a 
spatial arrangement that places all the 
participants on the same level regardless 
of their level of knowledge or expertise.   

TheThe speakers are seated in the centre of 
the classroom. Students observing and 
listening to the debate are seated all 
around.

We can identify:
-  Observers: students who silently listen 
to the debate
-- Speakers: students who debate the 
results of the experiments. 

9

Unoccupied seat

Speakers

Observers

Aquarium



The classroom is organised as a workshop and each table brings together a mixed group of 
four students to design an experiment and to write all the steps of the procedure that will 
enable them to verify their hypothesis.

The teacher covers the table with a large sheet of paper and places coloured markers on it. 
Each group nominates a group leader. 

Allows students to design experiments and create the procedure

World coffee

Figure 4.- Classroom organization in “World coffee”.

1st step: The teacher asks the students to imagine an experiment using materials and write 
or draw it on the paper. The teacher gives the students time (10’) for reflection by informing 
them that they should not talk to each other.

Each pupil must write down on the sheet (only in his/her box) his/her proposals. They can, 
however, read the proposals of the other pupils in their group.

2nd step: Each pupil presents his/her proposals to the group in turn, and together they 
decide which ideas they want to retain, then write them down in the common box.

3rd3rd step: The head of the group will present the content of the common box to the class 
when the report is handed in.

All the groups make their presentations and then the ideas are collected on the board. After 
that they can carry out their experiments.

10

Pupils work using a 
sheet of paper 
divided into individual 
boxes corresponding 
to the number of 
participants in the 
workshop.



Each student is given a coloured letter to 
distinguish the different groups.

EachEach group must make a poster (A2) to 
show their result. All the posters will be 
displayed on the classroom wall, like a 
museum exhibition. Then the groups are 
mixed: all those with the same letter form 
five new groups.

group
1

group 
2

group 
3

group 
4

group 
5

Figure 5.- Classroom organization in workshops. 

E

Figure 6.- Classroom organization in the exhibition.

= student

Allows students to perform different experiments

Allow students to present all the results and to conclude
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Several experiments take place at the same time. In each group, students conduct their own 
experiment. They work independently to solve part of the problem and write their results on 
a poster.  Each group must present the results to the class.

Exhibition

Workshops



Allows students to discuss their results

The debate method allows students to draw a final conclusion from the results of all the ex-
periments carried out and discuss the limitations of the results they have obtained.

A debate is a discussion in which students present their different opinions, justify them and 
evaluate them. 

The class can be divided up into blocks, with a debate on each table. An alternative is for a 
group of experts (the group leader from each working group) to sit at a table visible to the 
rest of the class and lead a discussion.

The teacher can be the moderator of the group or let a pupil moderate by explaining that 
his/her role is to focus on managing and encouraging the discussion. The teacher should 
then be able to open up to the floor, lead the discussion with questions, stimulate participa-
tion, encourage the expression of divergent opinions, avoid giving a personal opinion, and 
end the discussion with a summary.

12



Specific scientific 
curriculum 

Environment of rocky planets

TheThe meteorology of rocky planets is rife with storms, 
tornadoes, trade winds, anticyclones, etc. Day after 
day, atmospheric movements model the surface of 
the planets (Earth - Mars) according to the 
fluctuations induced by seasonal variations and 
climate.

AerosolsAerosols are solid or liquid particles suspended in the 
air and come from natural processes (soil erosion, 
forest fires, etc.) or anthropogenic processes. 
Although they are harmful to health, they are the only 
element in the atmosphere that cools the climate.  
Depending on their chemical composition, aerosols 
reflect the Sun's rays back into space and thus 
reduce the temperature of the ground.reduce the temperature of the ground.

1.Effect of 
atmospheric 
noise on the 

ground.
2.Determine 
Martian wind 
velocity.

3.Primar3.Primary 
aerosol and 
climate impact 
on Earth.

4.Primar4.Primary 
aerosol and 
climate impact 
on Mars.

5.SEIS and 
Environment
6.6. Study of daily 
variations on 

Mars.

Physics – Earth 
Sciences.

Mathematics – 
Earth Sciences.

Physics – Earth 
Sciences.

PhysicsPhysics – Earth 
Sciences.

Chemistry – 
Earth Sciences - 
Mathematics – 
Earth Sciences.

-Problem 
solving

- Creativity

- Inquiry Skills

- Collaboration

ActivityScientific knowledge S T E M 
skills

Primary 
subjects

Curriculum
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Characteristics of rocky planets

PlanetologyPlanetology is the science of studying planets. By 
studying the planets and other massive bodies in 
the solar system, and in particular by trying to 
determine their fundamental differences and/or 
commonalities, we can learn a lot about the history 
of our planet and its future.

SomeSome large planets such as Mars have kept a 
record of the history of the solar system in their 
craters, in the composition of their atmosphere and 
in indications of surface changes. The three main 
processes responsible for evacuating heat stored 
during the formation of telluric planets from the 
warm interior to the colder surface are conduction, 
convectionconvection and volcanism. The presence of a 
magnetic field (Earth) and its loss (Mars) has an 
impact on the rate of removal of stored heat.

Mathematics – 
Physics – Earth 
Sciences.

Mathematics – 
Physics – Earth 
Sciences.

PhysicsPhysics – Earth 
Sciences.

Physics – Earth 
Sciences.

Mathematics – 
Earth Sciences.

1.Cooling model 
of rocky planets 

2.Heat flow 
measurement.

3.Magnetic field.

4.4. Convection 
movement in 
the mantle.

5. How big is our 
Solar System.

- Problem solving

- Science Skills

-Scientific 
method

- Collaboration

Detailed activities on the site: 
Insight.oca.eu



Space mission to Mars

Mars has always been regularly visited by landers 
and satellites from Earth. Many of them crash, burn 
up or get lost in space. Sending a spacecraft to Mars 
is a difficult technical and financial challenge that 
requires many tests under extreme conditions

1.       Egg drop.
2. Going to 

Mars.
3.3. Solar energy, 
a sustainable 
source of 
energy.

-Problem 
solving

- Creativity
- Inquiry Skills
- Collaboration
-Critical 
Thinking

Physics.
Mathematics – 
Physics – Earth 
Sciences.

MathematicsMathematics – 
Physics – Earth 
Sciences.
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ActivityScientific knowledge S T E M 
skills

Primary 
subjects

Curriculum

Internal geology of Mars versus Earth

UnlikeUnlike our own planet, whose internal structure has 
been well defined, our knowledge of the interior of 
other planets in the solar system is as yet very 
limited. Geophysicists aim to shed light on their 
internal structure just as they have the Earth’s. 
Because of its similarities and differences with our 
own planet, Mars is a high-priority target for them.

HoweveHowever, many unknowns remain.

The application of techniques such as seismology 
is crucial to extend our knowledge of the 
mechanisms governing the formation and evolution 
of planets.

Physics – Earth 
Sciences

Mathematics – 
Physics – Earth 
Sciences

MathematicsMathematics – 
Physics – Earth 
Sciences

Mathematics – 
Physics – Earth 
Sciences.

MathematicsMathematics – 
Physics – Earth 
Sciences

Physics –Earth 
Sciences

1.Atmospheric 
parameters and 
impact on 
seismic records.
2.Determine2.Determine the 
location of a 
M artian 
earthquake from 
a single 
seismometer.
3.How3.How to 
estimate the 
epicenter 
location with 
only one 
seismic station 
on Earth.

4.Plasticin4.Plasticine 
balls: how can 
we explore 
inside Mars ?
5. Plasticine 
balls: comparing 
planets.

6 . T h6 . T h e 
seismogram: a 
complex signal.

- Problem solving

- Science Skills

- Scientific 
method

- Collaboration

Detailed activities on the site: 
Insight.oca.eu



External geology of Mars versus Earth

TheThe current Martian climate is regulated by seasonal 
changes in the carbon dioxide ice caps, the 
movement of large amounts of dust by the 
atmosphere and the exchange of water vapour 
between the surface and the atmosphere. One of the 
most dynamic weather patterns on Mars is the 
generation of dust storms that generally occur in the 
southernsouthern spring and summer. These storms can 
expand to encompass the whole planet. 
Understanding how these storms develop and grow 
is one goal of STIM activities.

For example, Mars is home to incredibly large 
volcanoes, which can be 10 to 100 times larger than 
those on Earth. One reason for this difference is that 
the crust on Mars does not move the way it does on 
Earth, which means that the total volume of lava piles 
up into one very large volcano.

1.Landscape 
shaped by the 
effects of dust 
tornadoes.

2.2. Salt water at 
the origin of the 
gullies on Mars: 
Information or 
Speculation.

3.3. Volcanoes 
compared: why 
a smaller planet 
has a bigger 
volcano.

Physics – Earth 
Sciences.

Physics – Earth 
Sciences – 
Chemistry. 

MathematicsMathematics – 
Physics – Earth 
Sciences.

15

- Problem 
solving

- Creativity

- Inquiry Skills

- Collaboration

Critical Thinking

ActivityScientific knowledge S T E M 
skills

Primary 
subjects

Curriculum
Detailed activities on the site: 

Insight.oca.eu



Topic III 
Space 
mission to 
Mars

Topic IV 
Internal 
geology of 
Mars versus 
Earth

Topic V 
External 
geology of 
Mars versus 
Earth

STEM 
ACTIVITIES

Topic I 
Characteristis 
of rocky 
planets

Topic II 
Environment of 
rocky planets

Supports and data sheets
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Supports and data sheets

convection 
movement in 
the mantle

Heat flow 
measurement

17

Cooling 
model of 
rocky
 planets



We are looking for a potential relation 
between time t and temperature T of the 
thermal probe during the cooling.

We have to keep in mind that even if there is a relation, the data measured do not usually 
match perfectly.

We choose to study the thermal probe database for the specific depth 5 cm during the 
cooling (the red one on the previous graphic).

We use OpenOffice to plot this two graphics:

Scatter graph on the all range of time
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Scatter graph during the cooling only (after 
35 min):

The second part of the scatter graph, which 
reflects the cooling process (like on Earth 
and Mars) appears to follow a straight line. 

Mathematical evaluation 
of measured heat flow data

Cooling model 
of rocky
 planets



We study how to determine the equation of this straight line.

The shape of the scatter graph leads us to look for a linear regression using the least square 
method. 

We use two softwares to make required calculus to find this equation  y = a + bt if it exists:

 a free spreadsheet OpenOffice     a programming language Python

WWe use OpenOffice and Python to calculate the coefficient of correlation R to know if this 
regression line approximate well our scatter graph and then, calculate a and b to find 
explicitely the equation.

The least squares method is a statistical procedure to find the best fit for a set of data points 
by minimizing the sum of the offsets or residuals of points from the plotted curve. Least 
squares regression is used to predict the behavior of dependent variables.

19

Cooling model 
of rocky
 planets

Can we find a such straight line ?

To answer this question, we have to calculate the linear correlation coefficient R.

The coefficient will reveal whether the fit is relevant or not, and give information on the scatter 
graph according to the value of r: We will use the following numerical criteria using r²: 

- if 0,75 ≤ R² ≤ 1 then there is a good linear correlation between Y and t 

- if 0,25 ≤ R² ≤ 0,75 then there is a weak linear correlation between Y and t 

- if 0 ≤ R² ≤ 0,25 then there is a poor linear correlation between Y and t

IfIf  0,75 ≤ R² ≤ 1  there is a good linear correlation between t and T and we can looking for a 
and b from the equation y = ax + b .

Formula to calculate :

- linear correlation coefficient R

   and    represent the average of ti and yi,



Here, some examples of a squatter plot and the value of their linear correlation coefficient R. 

If the linear correlation coefficient is good, we can find a and b from the equation : y = a+bt 

to minimize the sum of the square residuals :
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We need in the calculus to use the square of the residuals to avoid a sum being zero 
because there is an infinity of line we can drow with a sum equal zero. 

The linear regression line y =a=bt can be found by calculating numbers a and b with the 
formula: 

Cooling model 
of rocky
 planets



In our school program, since three years, Python has been chosen as the programming 
software.

Moreover, all the scientific disciplines have to participate to the understanding of the world, 
his organisation and his physical laws.

Python and the spreadsheet help to solve the question of a potential link between two 
measures, example from real life and elaborate theories.

WWe’ll use the data collected on the foot ball and Python to calculate, represent measures and 
even analyse a link between measures, here Temperature depending on time.

The following Python competence used here is the work on a list (creation and calculus on 
an element from a list, display of a curve).

We have two ways to see a link : 

   ploting a measure depending on the other  (Temperature depending on Time) and try  to 
found out a link

   using the least square method to evaluate the correlation between the measures Temps 
and Temperature, then calculating the linear correlation coefficient and displaying :

 - the scatter plot and the linear regression if the correlation is good

 - only the scatter plot if the correlation is bad - only the scatter plot if the correlation is bad
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Is there a link between time and the temperature during the cooling ?

Cooling model 
of rocky
 planets



Mathematical function - sqrt  (square root)
- power 

Data type - List   ( build a list, calculate with item of a list, browse a list) 
- csv file

Structure used - for Loops
- if with all extension (else and elif)

Library used 

22

Python skill involved 

Conclusion : 

We found a link between a temperature and the time passing during the cooling 
and that link is a linear relation.

Build a scatter plot

Draw a curve

- csv
- numpy
- matplotlib.pyplot
- math

function used    - average            (moyenne)
   - sum                  (somme)
   - square root     (racine)
   - use $                

block the value of a cell in a calculus with $

use a calculus in a cell

 build a scatter plot

Spreadsheet skill involved 

Cooling model 
of rocky
 planets
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refroidissement 
des planètes 
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Support
The sample to be studied: it could have looked complicated to obtain mineral particles from 
the Sahara, but this type of aerosol is quite common over Europe. It will be easy for you to 
watch for particle-rich precipitation thanks to the website : 

https://dust.aemet.es/forecast

All about calitoo : https://www.calitoo.fr/

Reference 

Experiment 2: Aerosol impact as a function of underlying surface area

To better understand the previous documents and in particular the importance of taking into 
account the nature of the underlying surfaces with regard to the effects of aerosols on the 
albedo with the notions of positive and negative forcing it is possible to put in the place of a 
canson-type sheet

Results obtained :

Above a black canson, the aerosol will cause an increase in albedo and thus negative 
forcing (cooling).

Above a white canson, the aerosol will cause a decrease in albedo and thus positive 
forcing (warming).

35

Experiment 2
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Using Calitoo

38

Primary aerosol 
and

 climate impact 
on Earth



Support

Reference 
Image dust : https://www.mars.asu.edu/data/tes_ruffdust/

Image albedo : https://www.mars.asu.edu/data/tes_albedo/
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Primary aerosol 
and

 climate impact 
on Mars

Equipment used :

- Temperature sensors and a photoresistor connected to an arduino (cf FT)

- 3 identical yoghurt pots that will be surrounded by an insulation, here foam. 

- Darker and lighter clay

- 1 x 300 W spotlight

AA hole was made in each jar at the same height to insert the thermometer. The total amount 
of clay is 80g of clay with in the pot 3 60g of dark clay and 20g of light clay. In pot 2 only a few 
grams of light clay are sprinkled above the dark clay which is enough to increase the amount 
of reflected light.

The amount of reflected light is not monitored over time, but only checked at the beginning of 
the experiment for each pot, taking care to place the photoresistance at the same distance 
from the surface being studied each time.



Primary aerosol 
and

 climate impact 
on Mars

Results obtained :
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Database from the 
Mission Insight : 2018-12-11

Study of daily 
variations on 
Mars

According to the database, can we 

 observe a Dust Devil?

  (a Dust Devil is a little whirlwind which can be 
seen on a graph by a sudden drop of pressure and 
temperature values and let the others values 
unchanged)

   find a potential relation between 
Temperature and pressure on Mars surface?
 (We have to keep in mind that even if there is a 
relation, the data measured do not usually fit 
perfectly)

WWe have to deal with the non-continuous values in 
database what means that we don’t have always all 
measures (time, Temperature, Pressure and wind 
speed).

So we need to take off non complete measures and 
only keep when all measures are here.

This process create a gap of time which will have This process create a gap of time which will have 
some consequences we’ll see further.
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We made programs which :

  counts the number of offset bigger than 0,7 Pa between two consecutive pressures  
andgives the rank of this offset

  plots a graph around the rank value found to confirm if it’s a real Dust Devil

Code

Code

We still have to see if this offset is due to a dust devil or a reattachment of time.

We thought to plot the graph of Pressure and Temperature depending on time around this 
rank to confirm it.

48

How Python could help us find Dust devil?

Etude des 
variations 
journalières 
sur Mars



Display of graphs around rank found:

We can observe a gap on the pressure values, and we can also see a temperature drop.

So, We observe a Dust Devil at 13h 11 min 16 s time on Mars

We made programs which calculate:

 - a moving average of data series and plot the graph of  Pressure and Temperature 
depending  on time

 - the least squares regression line

A moving average is a calculation to analyze data points by creating a series of averages 
of different subsets of the full data set.

Given a series of numbers and a fixed subset size, the first element of the moving average Given a series of numbers and a fixed subset size, the first element of the moving average 
is obtained by taking the average of the initial fixed subset of the number series.

Then the subset is modified by "shifting forward"; that is, excluding the first number of the 
series and including the next value in the subset.

A moving average is used with time series data to smooth out short-term fluctuations and 
highlight longer-term trends or cycles.

The least squares regression line is used to see if a linear relation between measures can The least squares regression line is used to see if a linear relation between measures can 
be found.

We’ll see if this straight line fit and we’ll determine the equation of this straight line.
49

How Python could help us find a relation between Pressure and temperature?

Study of daily 
variations on 
Mars



In order to code Moving_Average(), we need to code several functions:

  - to calculate the average of numbers from a series called Average()

 - to extract a fixed subset size from a number series called List_extract()

 - to make a list of moving average with a fixed size called List_Moving_Average()

 - finally the function Moving_Average() using all previous functions

50

Study of daily 
variations on 
Mars
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Least_squares_equation() code:

Study of daily 
variations on 
Mars



Display without Moving average and regression line:

Study of daily 
variations on 
Mars

Display Moving average on a subset size of 1000 values and regression line:
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We almost see a symmetry between Pressure and Temperature values but we can’t find a 
linear relation between them even if we smooth out values with moving average.

Pressure values variation follow the temperature variation with a delay, so we decide to shift 
backward the Pressure curve. It leads to a better symmetry between the two curves. 

Display with delay and without Moving average and regression line:
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We found a relation between them, but let’s see if this relation can be better with moving 
average.

Display Moving average on a subset size of 1000 values and regression line:

             r² = 0,981
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Study of daily 
variations on 
Mars



Display linear regression during nighttime:

Study of daily 
variations on 
Mars

r²=0,945

Mathematical function - sqrt  (square root)               
- power 

- sum
- round

Data type - List   ( build a list, calculate with item of a list, browse a list) 
- csv file

Structure used - for Loops
- if with all extension (else and elif)

Python skill involved 

Conclusion :

Python help us to code mathematical notions to find:

 - Dust Devil

 - a linear relation between Pressure and Temperature 

Build a scatter plot

Draw a curve
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Explain why you think your design will protect the egg from breaking:

..................................................................................................................................................................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

..................................................................................................................................................................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

..................................................................................................................................................................................................................................................................................................
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Objective: Design a system to protect an egg from cracking or breaking from a high fall.

Materials: Use anything you’d like. Some ideas: towels, tape, boxes, plastic tubes, paper, 
cotton wool, plastic bags, etc.

 
Illustrate you design in the box:

Egg drop challenge sheet

Egg drop



Going 
to Mars

  1 astronomical units (AU) 
Place (draw) the Earth at launch at the vernal equinox (0 degrees) given that Earth is, on 
average, 1 astronomical unit (AU) from the sun
Place Mars at 180 degrees at arrival given that Mars is, on average, 1.52 AUs from the 
sun
Place the satellite on the orbit 

HOW TO FIND THE
SEMI-MAJOR AXIS 

OF THE
TRANSFER ORBIT:
a=semi major axis
2a = major axis

2 a = rEarth + rMars2 a = rEarth + rMars
a = ½ (rEarth + 
rMars)

a = ½ (1.0 AU + 1.52 
AU)

a = 1.26 AU
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*For consistency, we measure heliocentric longitudes counterclockwise (as viewed from 
above) from the vernal equinox.

1. Find the length of the semi-major axis of the transfer orbit in astronomical units (AU), given 
that Earth is, on average, 1 astronomical unit (AU) from the sun and Mars is, on average, 
1.52 AUs from the sun.

2. Use string and pushpins to draw the assumed-circular orbits of Earth and Mars about the 
sun, and the approximation of the Hohmann transfer orbit on graph paper.

3.3. Compute the location of the second focus (one focus is at the sun) for the Hohmann 
transfer orbit.

4. Place a pushpin at each focus of the ellipse and use a loop of string equal in length to 
twice the sum of the length of the semi-major axis of the ellipse and the focal length.

5. Use Kepler’s Third Law, the Law of Harmony, to determine the period of the Hohmann 
transfer orbit and then the travel time to Mars along this orbit.

**** P2=ka3 with k being the constant of proportionality. Using Earth as an example, we can 
measure P in years and a in astronomical units so P = 1 year and a = 1 AU.

6. To calculate the position of Mars at the time of launch, subtract the amount of its motion 
during the spacecraft’s travel time from its point of arrival

Going 
to Mars

59

Using the planetary heliocentric longitudes, approximately when is the next 
opportunity for a launch to Mars?

Considering that launch from Earth was at the Hohmann orbit perihelion 
(point closest to the sun) and arrival is at the Hohmann orbit aphelion (point 
farthest from the sun), we can conclude that a launch opportunity occurs 
when Mars is............degree ahead of Earth in ins orbit.



Student workbook:      
Solar Panels on Earth

 Many people assume that building solar panels is always a smart idea. But is it?
In the space below, explain what you know about solar energy.
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________

  Why do you think it is good/bad to build solar panels?
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________

Solar energy, 
a sustainable 
source 
of energy
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  On the map find your location and determine what color your area corresponds to.  
Use the Legend to find out the energy range in “kWh/m2/Day” from the “average annual 
sum kWh/m2 “. Once you have the range, you will average the highest and lowest values 
on the range to get your energy estimate. For example, in France, the range is 2.7 – 4.4 
kWh/m2/Day, the average value is 3.55 kWh/m2/Day.

Energy range for your location:________ _____ kWh/m2/Day

Average energy:_________________ kWh/m2/Day

   Your engineering task is to analyze solar energy data for different cities by using the 
Global horizontal irradiation map to determine if solar panels are always a smart choice.

Solar energy, 
a sustainable 
source 
of energy
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 To find the solar energy used by your solar module you will also need its surface area (m2). 
Say you have a solar water heater that is 1 meter by 1.5 meters, the surface area would be 
1.5 m2 (you may need to convert feet to meters).

Solar module surface area:__________________ m2         (example:  1.5 m2)

Next, you need to use your surface area and insolation value to find out how much energy 
enters your solar module. This incoming energy is called heat energy (Qin) and is in units of 
Watt-hours:

QQin = [Insolation (Watt-hours/m2)] x [Surface Area (m2)] 

Qin = (______ Watt-hours/m2) x (_______m2)  

Qin = _________ Watt-hours

AND

 and Think!

 Of the cities listed above, which is the most likely candidate for solar? Why do you predict 
that one?

_______________________________________________________________________________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

 What criteria do you think you need to consider in order to determine if each of these 
cities is a good candidate for solar panels? Explain your thinking. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

Solar energy, 
a sustainable 
source 
of energy

62



Tracking Solar Panel: Data Analysis

 At what angle to the Sun’s rays must you position a solar panel to expose the panel to 
the maximum intensity of light? Draw a diagram describing your answer.

  Draw the next 3 graphs and extract the conclusions:

• Graph 1, plot Shadow Length (cm) versus Time of Day. 

• Graph 2, plot Sun’s Altitude (○ ) versus Time of Day. 

• Graph 3, plot the Solar Intensity (W/m2 ) versus Time of Day.

Student workbook:           
Investigating Solar Cells

Solar energy, 
a sustainable 
source 
of energy
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Transmission, Reflection, and Absorption

Solar energy, 
a sustainable 
source 
of energy

What happens when solar energy strikes an object? Here are three possibilities: it may be 
transmitted through the object, the object may reflect the solar energy, or the object may 
absorb it. Most objects do all three, to a greater or lesser extent. It is useful knowledge to 
understand how different materials transmit, reflect, and absorb solar radiation. For instance, 
in the case of a solar cell, it is important to coat the surface with a material that is a poor 
reflector—we want as much light as possible to enter the cell. Accordingly, creating 
comfortable, well-lit homes, schools, and offices requires an understanding of which building 
materialsmaterials transmit, reflect, and absorb solar radiation. After experiencing this lesson you may 
even begin to select the color and texture of new clothing purchases depending on the 
strength of sunlight during the seasons. 
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Solar energy, 
a sustainable 
source 
of energy

Transmission 

1. Tape one edge of the solar panel to a flat board such as a clipboard. Be careful not to 
cover any of the photovoltaic cells with tape. You should now be able to tilt the solar panel 
toward the Sun. 

2.2. Connect an ammeter to the solar panel leads. Position the board and tilt the solar panel 
so the ammeter shows the highest reading possible. Prop the solar panel in this position with 
a heavy bulky object such as a text book and leave it this way for the rest of the transmission 
tests. solar panel test material 

3. In turn, cover the solar panel with each piece of material. For each material, record the 
ammeter reading in milliamps (mA) under “As a Transmitter” in the Data Table. 

4.4. When you have finished testing all materials, use the ammeter readings and the solar 
panel’s calibration curve to calculate the intensity of light that was transmitted through each 
material. Record this as watts per square meter (W/m2 ) under “As a Transmitter” in the Data 
Table. 

5. On the basis of your observations, rate each test material’s ability to transmit light. 
Record excellent, good, fair, poor, or no ability in the Data Table. 

Reflection 

1.1. Use double-sided tape on the back of the solar panel to secure it to the inside of the 
cardboard mount (the triangular wings wrap around the panel’s sides) with the wire leads fed 
through the hole. Use tape to secure the cardboard mount (with solar panel) to the board as 
shown in the diagram so the face of the solar panel is directed toward the board. 

2.2. Place the board on the table with the open side of the mount directed toward the Sun. 
Tilt the board until the solar panel does not show a shadow. (Or, if using an incandescent 
lamp, position the lamp so the solar panel does not cast a shadow.) You may have to tilt up 
either the front or the back of the board depending on where the Sun is in the sky. Secure the 
board in this position for the remainder of the reflection tests.

3. Place the mirror on the board in the test material location as shown in the diagram. 
Record the ammeter reading as “mA” under “As a Reflector” in the Data Table. 

4.4. Remove the mirror and replace it in turn with each remaining test material. Make sure 
each test material is placed in the exact same position as the mirror. Record the ammeter 
reading for each test material in the Data Table. 

5. For each material, use the ammeter reading and the solar panel’s calibration curve to 
calculate the intensity of light that was reflected off the material. Record this as “W/m2 ” 
under “As a Reflector” in the Data Table. 

6.6. On the basis of your observations, rate each test material’s ability to reflect light. Write 
excellent, good, fair, poor, or no ability in the Data Table. 
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 Absorption 

1. Review the data you collected and how you rated each material’s ability to reflect and 
transmit light. For each test material, predict its ability to absorb light. Write excellent, good, 
fair, poor, or no ability in the Data Table. 

2. Predict which of the materials would become the warmest and which the coolest if left 
lying out in the Sun. Use your sense of touch to test your prediction. 

 Questions: Questions: 

• What reasoning did you use to predict which materials would be the best or worst absor-
bers of light? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

• How did the texture of the material seem to affect its ability to reflect light? Absorb light? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

•• How did the color of a material seem to affect its ability to transmit light? Absorb light? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

•• Using what you learned, what exterior and interior colors and materials would you want 
in a car if you lived in a hot sunny climate? What colors and materials would you pick if you 
lived in a cold sunny climate? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________

•• What properties of transmission, reflection, and absorption of light would you look for in 
a material used to cover a solar electric panel? Describe how you would expect this 
material to appear (such as dull, shiny, dark or light colored, etc.). 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________
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A single solar cell produces about ……. volts when placed under a bright 
light.

 Sometimes engineers behave like detectives. This happens when they try to 
understand how someone else designed and constructed a product. That is what you will be 
doing today. By the time you finish, you will be able to explain in detail how a mini–solar panel 
was put together. You will start with a few given facts, find your own clues, and then record 
your ideas.

Two solar cells connected front to back (also known as “in series”) add 
voltages together to produce about …… volts while under a bright light.



Solar energy, 
a sustainable 
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of energy
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Two solar cells connected side by side (also known as “in parallel”) do not 
add their voltages together. They produce about ……. volts while under a 

bright light.

 How many cells are in your panel? How are they wired together? After your teacher 
helps you measure the voltage of your panel, draw a diagram that describes how you think 
the cells have been wired together. Explain why you think this. 

Additional see what happened with the Intensity (A) in each case.
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Supports and data sheets



- Data from RESIF network

- SeisGram2K80_ECOLE©

Supports used : 

Continuous seismic signal from February 3 to February 7, 2019, recorded at the station 
MYLF (Forcalquier, Alpes de Haute Provence, Observatoire de la Côte d’Azur)

Click here on 
the website to 
download 
data

Data :

Atmospheric 
parameters 
and impact 
on seismic 
records
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- Data from RESIF network

- SeisGram2K80_ECOLE©

Supports used : 

- The Mw 9.0 Mars 11, 2011 Tohoku-Oki earthquake (Japan), recorded at the station CALF 
(Observatoire de la Côte d’Azur, Calern, France).
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Click here on 
the website to 
download 
data

Data :
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location with only 
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Earth



- Data from RESIF network

- SeisGram2K80_ECOLE©

Supports used : 

- The Mw 4.8 January 1, 2019 earthquake (Greece), recorded at the station CALF (Observa-
toire de la Côte d’Azur, Calern, France).
- The Mw 6.3 December First, 2018 earthquake (Indonesia), recorded at the station CALF.

Click here on 
the website to 
download 
data

Data :

The seismogram 
: a complex 
signal
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Saltwater at 
the origine of the 
gullies on Mars : 
Information or 
Speculation?

Landscapes 
shaped by the 
effects of dust 
tornadoes

Topic V 
External 
geology of 
Mars versus 
Earth
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Supports and data sheets



arduino

- Objectives of the modelling carried out in class

Hypothesis tested: The heating of the air is responsible for the rise of the air during a 
dust.

The indicator consists of the incense 
and the pressure sensor. The experi-
mental set-up consists of the incense, 
a candle and thepressure sensor.

Results: Incense smoke rises in a 
column. There is a greater drop in 
pressure in the case of the experimen-
tal set-up.

Note: The drop in pressure also ob-
served in the case of the test set-up is 
due to combustion.

Hypothesis tested: The characteristic spiral shape of the dust is due to transverse air 
movements.

Open one side of the Plexiglas box.

Results: The smoke from the in-
cense takes on a spiral shape.

Supports : 

Click here 
on the 
website to 
downloa

For this arduino assembly find all the details in the 
webinar Exploring Further on the website
https://insight.oca.eu/fr/stim-resources

Landscapes 
shaped by the 
effects of dust 
tornadoes

81



References

formation 
of spider

Four fans Change of direction 
of the fans due to a change 

wind direction

Disappearance 
of the fans

- Photograph of the 
montage to model 
gully formation on 
land.

- Hjulström Diagram : allows 
students to understand particle 
transport conditions

Supports : 

- Photograph of the gully formation modeling setup: LIV

- Hjulström curve: Ferenc Kristály and al.

- Pictures of the Martian soil

82

Saltwater at the
 origine of the gullies 

on Mars :
 Information or 
Speculation?

- P-T diagram and position of planets 
On Mars, given the pressure and 
temperature conditions, water is only in 
the form of ice or gas.

- Interpretation of pictures showing the evolution of spiders and fans during the Martian 
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