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Our goal for a master’s thesis

Mathematics Education and its Impact on Education for Sustainable Development (ESD) 

Development of a teaching and learning environment for ESD

in the interdisciplinary context of mathematics and biology

targeting students at an economics and business high school

Source: Stockholm Resilience Center (CC BY-ND 3.0) 
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Our goal for a master’s thesis

Development of a teaching and learning environment for ESD

in the interdisciplinary context of mathematics and biology

targeting students at an economics and business high school

A Digital Interdisciplinary 

Teaching and Learning Environment

Too Much of a Good Thing? The 

Discourse on Nitrogen Overfertilisation

and what has been achieved

Source: Stockholm Resilience Center (CC BY-ND 3.0) 
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Nitrogen Overfertilisation as a Multiperspective Challenge – An example of ESD

Impacts on soil, water and climate
Source: Stockholm Resilience Center (CC BY-ND 3.0) 

(cf. Krautzberger & Ehlers, 2020) 

Economy

Society

Biosphere

Profit interests in agricuture

Food security and health costs
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The specific GeoGebra learning environment

Too Much of a Good Thing? The Discourse on Nitrogen Overfertilisation

Main Goal: Students recognise, evaluate and act (cf. Schreiber & Siege, 2016)

on the issue of nitrogen fertilization by considering ecological, economic 

and social dimensions based on mathematical methods

Framework: 

• Target group: Students at economics and business high school

(other target groups are possible)

• Required knowledge: Basics of curve discussion, revenue, cost, and profit functions

• Duration: 12 lessons (45 minutes each), ideally taught in an interdisciplinary setting of 

mathematics and biology

• Differentiation: two levels (students can choose on each worksheet)
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Main learning goal, methods & integrative education goals

Main Goal: Students recognise, evaluate and act (cf. Schreiber & Siege, 

2016) on the issue of nitrogen fertilization by considering ecological, 

economic and social dimensions

The Learning environment leads to a panel discussion

• Students adopt professional roles in the beginning, 

each represents one perspective

• Students receive a fictional email with an invitation 

to a panel discussion

• Goal: Negotiate a nitrogen surplus acceptable for all 

three perspectives

• Digital worksheets in Geogebra provide arguments and 

fertilizer optimization for each perspective.

• Addresses ESD (especially SDG 17)

• Promotes democratic competences

• Promotes digital competences

integrative education goals 

in Germany (cf. Kultusminister 

Konferenz, 2025)
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The specific learning environment

Too Much of a Good Thing? The Discourse on Nitrogen 

Overfertilisation

Worksheet 3-5

The three perspectives

Worksheet 1-2

The importance of 

nitrogen fertilizer

Panel discussion

Determination of a 

maximum acceptable 

nitrogen surplus

Worksheet 6

Modelling a market-

based instrument

Recognise Recognise and Evaluate Act Act
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The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
By transforming the yield function the optimum input can be calculated for each perspective

• Biological importance of 

nitrogen fertilizers

• Mathematical modelling of 

the yield function based on 

biological facts

• Recognise

Fig. 1: Yield function depending on the amount of 

fertilizer applied (cf. Ali et al., 2022)
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Costs, revenue and profit function with 

variable fertilizer prices

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied
Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
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ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied
Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
Costs, revenue and profit function with 

variable fertilizer prices
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Costs, revenue and profit function with 

variable fertilizer prices
Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
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Costs, revenue and profit function with 

variable fertilizer prices
Economic profit function with surplus costs of 

9.89€ per kg/ha(cf. Taube et al. 2021)

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied
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Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied

Costs, revenue and profit function with 

variable fertilizer prices

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
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Costs, revenue and profit function with 

variable fertilizer prices

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)
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Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied

Costs, revenue and profit function with 

variable fertilizer prices

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6
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Costs, revenue and profit function with 

variable fertilizer prices

ideal and actual nitrogen stored in the yield 

depending on the amount of fertilizer applied
Economic profit function with surplus costs of 

9.89€ per kg/ha (cf. Taube et al. 2021)

The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6

• Development and analysis of various mathematical models to determine the optimal 

amount of fertilizer per hectare for each perspective  

• Focus: Modelling functions based on real conditions instead of predetermined 

calculations 

 GeoGebra: Illustrates modeled functions, clarifies connections between perspectives

• Recognise and Evaluate
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The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6

• Democratic discussion

• Goal: Negotiate a 

nitrogen surplus 

acceptable for all three 

perspectives

• Argumentation sheet is 

filled while working in the 

GeoGebra environment

 serves a guide 

during the discussion

• Evaluate and Act
Argumentation sheet that is filled while working on the environment
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The specific learning environment

Worksheet 3-5

Worksheet 1-2

Panel discussion

Worksheet 6

Costs and profit function depending on the amount of surplus levy

• Development and discussion of 

market-based instruments 

(fertilizer tax and surplus levy)

• Determination of an exact value 

for individually discussed 

surplus

• GeoGebra: Enables easy 

access function groups

• Act

https://www.geogebra.org/m/svuaasdu
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Key takeaways …

• In Germany, integrative education goals in math include ESD, democratic education, and media 

literacy (cf. Kulturminister Konferenz 2025; Götz 2016)

• Taking ESD seriously means considering three dimensions: biosphere, society, and economy
(cf. Stockholm Resilience Center 2016)

 Interdisciplinary teaching makes this possible 

 MESD and teaching the truth (cf. Heitzer 2020): It’s challenging [and not free from risk], but saying no is not an option 

 Mathematics provides methods and tools (cf. Afiya et al. 2025).

• Use digital tools – not only as platforms (e.g., GeoGebra), but also as dynamic, analytical, and 

modelling tools (cf. Villamizar 2020; Greefrath 2017)

• Access our learning environment – give it a try!
 We haven't tested the materials yet, but we think they're too good not to share 

 We believe only minor adjustments are needed for use in most secondary schools

 https://www.geogebra.org/m/rjepkuz2

https://www.geogebra.org/m/rjepkuz2
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Thank you for your attention!

Your feedback is welcome - could you imagine using the learning environment?


