Modelling of climate change in the
CiviMatics project
Herbsttagung des GDM – Arbeitskreises Mathematik und Bildung
22 October 2021
Yael Fleischmann, Frode Rønning & Heidi Strømskag
Norwegian University of Science and Technology, Trondheim
Department of Mathematical Sciences

Agenda
• About CiviMatics
• Theoretical framework
• Example of an interdisciplinary inquiry
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CiviMatics – Interdisciplinary mathematical
modelling meets civic education
Erasmus+ funded
Strategic partnership between:
-

-

Leibniz University Hanover
Babeș-Bolyai University
Norwegian University of Science and Technology
Paderborn University
University of Vienna

Aim: combine approaches of mathematics education and political education
Outcome: materials for normative mathematical modelling
Frameworks: The anthropological theory of the didactic (Chevallard, 2019) and the
modelling cycle (Blum & Leiß, 2007).

Blum, W., & Leiß, D. (2007). How do students and teachers deal with modelling problems. In
C. Haines, P. Galbraith, W. Blum, & S. Khan (Eds.), Mathematical modeling: Education, engineering,
and economics (pp. 222–231). Chichester: Horwood.
Chevallard, Y. (2019). Introducing the Anthropological Theory of the Didactic: An attempt at
a principled approach. Hiroshima Journal of Mathematics Education, 12, 71–114.
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A new didactic paradigm
• Main theoretical framework: the Anthropological Theory of the Didactic (ATD)
• Philosophical roots: the German philosopher and founder of pedagogy:
Johann Friedrich Herbart (1776–1841): A researcher’s attitude to the world
• Investigative approach (inquiry):
“Herbartian”, “procognitive”, “exoteric”

à The paradigm of questioning the world (Chevallard, 2015)

Chevallard, Y. (2015). Teaching mathematics in tomorrow’s society: A case for an
oncoming counter paradigm. In S. J. Cho (Ed.), Proceedings of the 12th International Congress
on Mathematical Education (pp. 173–187). Berlin: Springer.
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Instructional design in the new paradigm
Study and research paths (SRPs)
•

A generating question Q is presented by the lecturer (supervisor of the
SRP)

•

Students work in teams to study and answer Q

•

The class and the lecturer meet regularly to review the class’ work on Q
and to confirm, adjust or extend the SRP for a specific period

•

Seminars: teams present preliminary progress reports and getting
feedback from other teams and the lecturer

Chevallard, Y. (2019). Introducing the Anthropological Theory of the Didactic: An
attempt at a principled approach. Hiroshima Journal of Mathematics Education, 12, 71–114.
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Descriptive versus normative models
Rhetorical distinction (Hilgers, n.d.):
• Descriptive models: models of something (e.g., Kepler’s laws of
planetary motion)
• Normative models: models for something (e.g., formulas for elections
and mandates in the allocation of power after elections).

Hilgers, A. (n.d.). Mit Mathe die Welt verstehen und gestalten. Friedrich-Verlag.
https://www.friedrich-verlag.de/mathematik/modellieren-problemloesen/matheund-der-rest-der-welt/
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The notions of system and model in ATD
• A system is a fragment of reality that has its own laws. Let us consider a
system 𝒮.
• A system 𝒮′ is said to be a model of 𝒮 if, by studying 𝒮′, one can produce
knowledge about 𝒮
– studying questions Q about 𝒮 by asking 𝒮′ about these questions
– choosing models 𝒮′ of 𝒮 whose study of question Q is easier, safer, quicker
than by a “direct” study of 𝒮
𝒮ʹ

𝒮

Chevallard, Y. (2020). Some sensitive issues in the use and development of the
anthropological theory of the didactic. Educação Matemática Pesquisa, 22(4), 13–53.
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Descriptive versus normative models (cont.)
Given the ordered pair (𝒮, 𝒮′)

𝒮ʹ

𝒮

𝒮′ is a descriptive model of 𝒮 if 𝒮′ is modelled
on (or after) 𝒮 so that 𝒮′ is regarded as a
model of 𝒮
𝒮ʹ

𝒮′ is a normative model of 𝒮 if 𝒮 is modelled
on (or after) 𝒮′, i.e., 𝒮′ is a model for 𝒮

𝒮

Depending on the situations studied, models have descriptive and normative uses
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Instructional design in the new paradigm (cont.)
• A didactic system is a triplet S(X, Y, 𝓀)
• The Herbartian schema is a dynamic model of a didactic system’s
inquiry into a generating question Q
[S(X, Y, Q) ! M] " A©
! creates
" generates
Chevallard, Y. (2019). Introducing the Anthropological Theory of the Didactic: An
attempt at a principled approach. Hiroshima Journal of Mathematics Education, 12, 71–114.
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The Herbartian schema
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S(X, Y, Q)

The didactic system

S(X, Y, Q) " A©

The reduced Herbartian schema

[S(X, Y, Q) ! M] " A©

The semi-developed Herbartian schema

The milieu M

Existing answers
found in the
literature
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Works to be studied
Aim: understanding 𝐴♢
!

Derived questions
emerging from
from Q, 𝐴♢
! and 𝑊"

The milieu M (cont.)

1. The generating question Q of the inquiry.
2. What are the 𝐴♢ considered?
3.
4.
5.
6.

!

What works 𝑊" have been studied and what came out of it?
Which derived questions Qk emerged?
What answers Al to the questions Qk have been arrived at?
Taking stock of the Al to arrive at A© (provisional answer)

7. Which questions Qk are left open?
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A pilot course on modelling at NTNU (2022)
MA3001: Mathematical Modelling using Study and Research Paths
§ A master’s course in the programme “Natural Science with
Teacher Education”
§ Inquiries (SRPs) on climate change
§ Rooted in the ATD
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Pilot course – accompanying research
Research questions
§
§
§

What are the main constraints experienced while conducting SRPs?
What is the students’ learning?
What are the successful points identified from conducting SRPs?

Research design
§

Didactic engineering

Data sources
§
§
§
§
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Observations of students’ team work (video-recorded)
Students’ reports from SRPs
Focus group interviews with students
Questionnaire

Now:
Presentation of an inquiry into climate change conducted
by colleagues at NTNU and University of Vienna
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An example of an interdisciplinary inquiry

How emission of
methane gas into the
atmosphere affects
the climate on planet
Earth

How social structures
contribute to the
problem

Some possible steps
to reduce the
problem

Goal:
produce material that
can be used in
interdisciplinary
modelling activities
related to climate
change …

Methane emissions causing climate change
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… in teacher
education
programmes

Generating questions
Mathematics education and science

𝑄# : What is the contribution
of methane gas to the
greenhouse effect?
Civic education

𝑄" : How can more awareness
of the methane cycle be
created/taught among citizens in
order to make more informed
decisions?
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"
𝑄! :

What is methane and how is it related
to other chemical compounds?
• Hydrocarbons
– Saturated (only single carbon-carbon bounds)
– Acyclic (no carbon cycles)
= alkenes, formula CnH2n+2

• Methane = simplest alkene, n=1 : CH4

H

H

H

H

C

C

C

H
…

C

𝑛×C
H

2𝑛 ×𝐻
+ 2 ×𝐻

H

H

H

Cn
H2n+2

H
CnH2n+2
Fill in n=1 :
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CH4
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natural

microbial
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natural

microbial

𝑄#" : What is the role of methane as a
greenhouse gas?
•

Methane is the second most important human caused greenhouse gas after 𝐶𝑂#
(Conrad, 2009)

Concentration of 𝐶𝐻" in the
atmosphere, given in parts per
billion (10#)

Graphic from https://www.eea.europa.eu
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𝑄#" : What is the role of methane as a
greenhouse gas?
•

Methane is the second most important human caused greenhouse gas after 𝐶𝑂#
(Conrad, 2009)

Concentration of 𝐶𝑂$ in the
atmosphere, given in parts per
million (10%)

Graphic from https://www.eea.europa.eu
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Comparison of 𝐶𝐻$ and 𝐶𝑂%
𝐶𝑂$

𝐶𝐻#

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
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2020

𝑄&' : How is methane produced by ruminants?
• ruminants digest food in four stomaches
• convert otherwise
indigestible celluloserich plant material
into meat, milk, wool,
and leather
• their digestion is supported
by a group of microbes,
called methanogens
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𝑄&' : How is methane produced by ruminants?
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𝑄&" :

How

can
production
of methane
from
ruminants be
reduced
(without
reducing the
number
of
ruminants)?
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Between 4% and 10% of the energy in
cow feed is lost through
methanogenesis and thus not available
for digestion
Reducing some of the microorganisms
in ruminants’ digestive system leads to
less methane production during
digestion
Changes in the ruminants’ diet can affect
methane outcome, for example by adding
- Garlic powder
- Coconut oil

(Kongmun et al., 2010)

Vaccinations might be an alternative,
but are not available yet
(Patra et al., 2017)

Emission budgeting
= Budgets giving an upper limit for total greenhouse gas emissions
associated with remaining below a specific global average
temperature.
• SLCP= short-lived climate pollutants, e.g., methane
To estimate influence on climate change, SLCPs are converted to
«𝐶𝑂: -equivalent» emissions
• GWP;<< = Global Warming Potential over 100 years
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Emission budgeting
(graphics retrieved from Allen et al., 2018, p. 4)

Annual emission of methane, historic and
projected (from 2015) values
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Cumulative emission of methane
global mean surface temperature
(GMST) response (effect of methane on
temperature)

Ideas for mathematical investigations
(graphics retrieved from Allen et al., 2018, p. 4)

Difference between absolute emissions and cumulative emissions
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Ideas for mathematical investigations
(graphics retrieved from Allen et al., 2018, p. 4)

•
•
•
•
•
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Are there functions that fit to the graphs above?
Where is the graph linear?
Where is the development exponential or logarithmic?
Are there local/global maxima or minima?
What is the development of the function for 𝑥 → ∞ ?

Ideas for mathematical investigations
(graphics retrieved from Allen et al., 2018, p. 4)

• What does it mean if I find a function that fits to the graph?
• If the function fits in the given interval, does this imply that one can
use the function for predictions of the future?
• Which types of problems can be predicted mathematically, and which
ones cannot?
31

The methane problem studied from the
perspective of civic education
•
•

Investigated by Clara C. Berger, Marco Mogiani (Department for Teacher
Education, University of Vienna, Austria)
Original generating question:

𝑄 ' : How can more awareness of the
methane cycle be created/taught among
citizens in order to make more informed
decisions?
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𝑄!" : Why is it important to raise awareness of

methane emissions?

Address the
consumer
behaviour of
young people
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Discuss
influence on
the market by
purchasing
decisions

Not focusing
on moralising,
but
recognition of
the role of a
responsible
consumer

Can be treated
in crosscurricular and
projectoriented ways
in history,
social studies,
political
education,
geography and
economics

𝑄$% : Why is it important to critically
question approaches to solutions?
• Is the reduction of methaneproducing microorganisms, e.g., using
coconut oil and garlic powder, in cows
environmentally sustainable in itself?
• What would the increase of cocunut
oil production mean for the local
people?
• What impact does greater coconut oil
production have on the environment?
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Thank you for your attention!
Danke schön!

35

