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The Classic Oil Pipe Problem

An oil company wants to build a pipeline connecting an oil platform to a refinery 

(on land). 

The coastline is straight; the oil platform is a distance D1 from the coast and the 

refinery is D2 from the coast. 

The distance along the coastline between the platform and the refinery is H. 

Building the pipeline has a cost per unit length c1 at sea, and c2 on land. 

How should the pipeline be built? 
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Ethics/Sustainability in Mathematics: An Overview

• Why do we need it?

• What is its current state? 

• How should we embed it? 

• How did we integrate it?

• Student feedback and impact highlights
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Need for Ethics in Mathematics (EiM)

• Mathematics (both pure and applied) can lead to ethical consequences and is an 
extremely sharp double-edged sword

• Many examples of this such as financial mathematics, data science, AI, statistics, 
mass surveillance, social networks, industrial mathematical modelling, 
cryptography, communication metadata, etc.

• STEM disciplinary practitioners are uniquely responsible for the immediate moral, ethical 
and legal consequences of their work

• As STEM educators, we train future graduates, but are we really giving them an inclusive 
professional training covering the ethical aspects they will need to confront? 
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Need for Sustainability in Mathematics (SiM)

• Mathematics usually taught through memorisation and repetitive application of formulae.

• Often limited emphasis on the role of mathematics in addressing sustainability 

challenges.

• Existing curricula rarely highlight how mathematical tools contribute to solving global 

issues.

• Students struggle to recognise the connection between mathematics and sustainability.

• This reinforces the perception that mathematics is theoretical and disconnected from 

real-world issues. 
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Current state of EiM/SiM: Not my problem!

This is M. 

M is very clever and likes 

solving fun puzzles and 

maths problems. 

M doesn’t  like t hinking 

about  polit ics or societ y. 

The outside world is 

scary. 

At  work, M is given shiny 

new problems to work out  

every day. 

M is well looked after, and 

doesn’t  have to confront  

t he out side world at  all. 
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Current state of EiM/SiM: Not my problem!

And who would want  to 

anyway? 

The news seemed to be 

get t ing worse every day, 

which made M feel 

worried and scared. 

Bet ter far to ignore it  all, 

and get  back to that  

interest ing problem… 

Made by Phoebe Young 

www.ethics.maths.cam.ac.uk 
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Previously…..

• Mathematical community often still believes that while 
mathematics might be applied to various situations with social 
consequences, it is itself free of ethical considerations.

“No discovery of mine has made, or is likely to make, directly 
or indirectly, for good or ill, the least difference to the 
amenity of the world.”

- G.H. Hardy, A Mathematician’s Apology (1940)

Note: How ironic!! 

(Hardy is most known for the Hardy-Weinberg principle in 
mathematical biology, which is in fact widely used today for testing 
population structures in genetics)
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• Policy requirements: 

QAA Subject Benchmark Statement: Mathematics, Statistics and 
Operational Research (March 2023)

The UK Standard for Professional Engineering Competence (UK-SPEC) 
Fourth Edition (August 2020) 
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1.37 Including elements of online, hybrid or blended learning across courses can 
significantly increase access for students, as can, where appropriate, the provision of 
captured content from in-person sessions. Associated enabling technology is required to 
capture the live display of extended written material and ensure accurate captions. Within a 
physical venue, consideration of the visibility of boards and other display equipment is 
essential.  

1.38 Those in support roles, including scribes, notetakers, readers and communication 
support workers, need to have an understanding of MSOR terminology and symbolism since 
even minor symbolic differences can radically change the intended meaning.  

1.39 Some teaching and learning activities are found relatively infrequently in MSOR 
courses. In such instances providers may take advice from other disciplines. This includes 
experimental mathematics and fieldwork which, where it exists, allows students to benefit 
from local opportunities. 

1.40 A flexible course pedagogy provides students with a variety of learning 
opportunities, alternative ways to acquire knowledge and time to consolidate material. For 
instance, where material is delivered by a traditional lecture, the advanced provision of 
accessible lecture notes complemented by in-person delivery of the material which is 
recorded may provide such variety.  

1.41 Implicit MSOR course requirements, such as social and cultural behaviours 
assumed without direct instruction, are context dependent, where a specific task or situation 
can change expectations. These can be additional barriers for disabled students. Examples 
may include appropriate computational accuracy, study expectations, organising 
independent study and teamworking skills. All students will benefit from, and disabled 
students may require, explicit instructions on these traditionally implied course norms.  

1.42 Assessment design should anticipate and remove potentially irrelevant or context-
dependent barriers that are irrelevant to knowledge, skills or abilities measured by the 
assessment. For example, consideration should be given to whether a student will spend 
disproportionate time and effort interpreting material; be exposed to distracting and needless 
imagery; be unfamiliar with the assumed context, customs or colloquialism of a task.  

1.43 The MSOR community supports providers’ accessible course development through 
a variety of resources, for example, the LMS website Mathematics and Accessibility. 

Sustainability  

1.44 MSOR has a vital role to play in achieving the UN’s Sustainable Development 
Goals, underpinning many technological, scientific and digital developments which have 
potential to improve health, drive economic growth, transform societies and enhance our 
environment. For example, mathematical models inform forecasts of climate change, 
analysis of health data informs public health provision and algorithms help users optimally 
navigate transport networks. Policies which encourage sustainable development and reduce 
inequalities can be developed and analysed based on mathematical models and data 
analysis. MSOR degrees are themselves a driver of social mobility with many graduates 
from a range of socio-economic backgrounds earning high incomes. 

1.45 MSOR is such a versatile subject that many of the 17 UN Sustainable Development 
Goals could be discussed in the context of MSOR degrees. MSOR is often taught using real-
world examples or in the context of applications in other disciplines. Through these 
examples and applications graduates can appreciate how MSOR can help society to achieve 
the UN’s sustainable development goals. Further, the skills developed through MSOR 
degrees, such as critical thinking and problem-solving, are useful in understanding, 
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Engineering Technician (EngTech) Incorporated Engineer (IEng) Chartered Engineer (CEng)

E. Personal and professional 

commitment

Engineering Technicians shall 

demonstrate a personal commitment 

to an appropriate code of professional 

conduct, recognising obligations 

to society, the profession and the 

environment.

The applicant shall demonstrate that they:

1. Understand and comply with relevant 

codes of conduct

2. Understand the safety implications of 

their role and apply safe systems of work 

3. Understand the principles of 

sustainable development and apply them 

in their work

4. Carry out and record the Continuing 

Professional Development (CPD) 

necessary to maintain and enhance 

competence in their own area of practice 

5. Understand the ethical issues that 

may arise in their role and carry out their 

responsibilities in an ethical manner.

E. Personal and professional 

commitment

Incorporated Engineers shall 

demonstrate a personal commitment 

to professional standards, recognising 

obligations to society, the profession 

and the environment.

The applicant shall demonstrate that they: 

1. Understand and comply with relevant 

codes of conduct

2. Understand the safety implications of 

their role and manage, apply and improve 

safe systems of work

3. Understand the principles of sustainable 

development and apply them in their work 

4. Carry out and record the Continuing 

Professional Development (CPD) 

necessary to maintain and enhance 

competence in their own area of practice 

5. Understand the ethical issues that 

may arise in their role and carry out their 

responsibilities in an ethical manner.

E. Personal and professional 

commitment

Chartered Engineers shall demonstrate 

a personal commitment to professional 

standards, recognising obligations to 

society, the profession and the environment.

The applicant shall demonstrate that they: 

1. Understand and comply with relevant codes 

of conduct

2. Understand the safety implications of their 

role and manage, apply and improve safe 

systems of work

3. Understand the principles of sustainable 

development and apply them in their work

4. Carry out and record the Continuing 

Professional Development (CPD) necessary to 

maintain and enhance competence in their own 

area of practice 

5. Understand the ethical issues that may arise 

in their role and carry out their responsibilities in 

an ethical manner.

But today…..

https://www.qaa.ac.uk/docs/qaa/sbs/sbs-mathematics-statistics-and-operational-research-23.pdf?sfvrsn=5c71a881_12
https://www.qaa.ac.uk/docs/qaa/sbs/sbs-mathematics-statistics-and-operational-research-23.pdf?sfvrsn=5c71a881_12
https://www.engc.org.uk/media/4338/uk-spec-v14-updated-hierarchy-and-rfr-june-2023.pdf
https://www.engc.org.uk/media/4338/uk-spec-v14-updated-hierarchy-and-rfr-june-2023.pdf
https://www.engc.org.uk/media/4338/uk-spec-v14-updated-hierarchy-and-rfr-june-2023.pdf
https://www.engc.org.uk/media/4338/uk-spec-v14-updated-hierarchy-and-rfr-june-2023.pdf
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How should we embed EiM/SiM?
Basic principles: 

• Seamless and organic, not artificial and contrived

- Focus on how students engage with sustainability, do not treat as an add-on component

- Ensure that concepts emerge naturally from the technical problem by aligning to a realistic 

scenario 

• Subjective and reflective aspects

- answers will involve open-ended discussions unlike the usual objective ‘right or wrong’ answers

• Link with UN Sustainable Development Goals

- map problems to the 17 SDGs for a more holistic view of sustainability within the context of the 

discipline

https://sdgs.un.org/goals
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How did I implement it in my modules? 

• Co-creation of teaching toolkit with 2 current undergraduate students  

• Toolkit includes visually appealing posters showcasing the importance of sustainability 

and ethics in mathematics, examples of real-world mathematical problems linked to 

these issues and formative practice quizzes to assess conceptual understanding

• Implemented across two large undergraduate applied mathematics modules for 800 

engineering students (Year 1 – sustainability, Year 2 – ethics)

• Embedded as asynchronous, formative resources on QMUL virtual learning platform for 

     students to use alongside course content
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Module Implementation
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Before…..(pilot run)
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After…..(through co-creation!)
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Embedding SiM – Example Problem (Year 1)
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Embedding SiM – Example Solution (Year 1)
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Embedding EiM – Example Problem (Year 2)
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Embedding EiM – Example Solution (Year 2)
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Embedding EiM – Example Problem 2 (Year 2)
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Embedding EiM – Example Solution (Year 2)
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Y1, Y2 SiM/EiM Student Feedback Responses (n = 193) 

(1) Were you aware of "sustainability/ethics in mathematics" before coming across these problem exercises?

“I was familiar with sustainability in engineering but not in mathematics. Every time I hear about sustainability, I tend 

to focus on the design aspects.”

“No, I was not aware because this was never taught in our schools, and how mathematics can be related or used as a 

tool to tackle the goal of sustainability was never explored before.”

This was the first time I had come across the ethics in maths. After looking at the questions, it became clear that the 

nature of the ethics is much more abstract than the laws of mathematics.”

(2) What did you find most enjoyable or interesting about these exercises?

“I found it interesting how seamlessly sustainability is incorporated into the maths curriculum, making it seem 

natural and relevant. I also liked how the reflective aspect encourages students to consider the broader 

implications of their work.’’

“I like how it integrates real world sustainability challenges like environmental impact, gender inequality, and resource 

management into mathematical problems. It makes abstract concepts like optimisation, differential equations, and 

probability feel meaningful and relevant.”

“The posters made it clear how mathematical models, algorithms and statistics can influence decisions in society 

(for example, in risk, finance, policing, health, or technology) and that the assumptions behind the maths matter.”
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(3) What suggestions, if any, do you have for improving these exercises?

“One suggestion would be to include more interactive elements, such as short videos or online simulations, to help 

visualise how mathematics applies to sustainability problems.”

“It would be nice to have an optional in-person session for those interested in more, maybe even a society that runs 

sustainability related events.’’

“These resources could be improved by adding more real-life case studies and interactive activities so that students can 

apply the ideas for themselves.”

Y1, Y2 SiM/EiM Student Feedback Responses (n = 193) 

(4) Would you like such exercise problems to be introduced in a classroom setting e.g. in lectures or tutorials?

“Yes, I think it would be good to introduce such exercise problems in problem-solving sessions and worksheets provided 

for the week so that we are able to get a better understanding on the topic covered.’’

“A short section in lectures could introduce the main ideas, and tutorials could use the exercises/case studies for 

discussion. It would be especially useful if the lecturer linked the ethical points to topics we already study (modelling, 

statistics, optimisation, and data analysis), so it feels practical rather than just theoretical.”

“I wouldn't be fond of such material to be presented in-class as it is not examinable content and might not be of high 

interest to all students. It should be recommended for online reading at one's own pace and spare time.’’
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Y1, Y2 SiM/EiM Student Feedback Responses (n = 193)   

(6) How keen are you to learn more about sustainability/ethics in mathematics and its impact in real-world? 

Majority (~80%) open to learning more, with only ~20% not very sure, highlighting strong engagement and uptake overall.
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Formative Practice Quiz

• Introduced in 2025-26 implementation 

in response to student feedback 

from previous years

• Designed to capture students’ 

understanding of sustainability and 

ethics in mathematics.
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Quiz Performance (n = 207)

7
11

52

70

▪ Quiz results indicated a strong 

overall understanding of the poster 
material. 

▪ Over 85% achieved a score of 8 out of 

10 and more.

▪ High scores suggest students read 
the posters thoroughly and engaged 

meaningfully.

▪ Overall, the practice quiz successfully 
increased engagement and reduced 

superficial interaction.

Year 1 (n = 143) 

– Sustainability

Year 2 (n = 64) 

– Ethics



26Festival of Education

Analysis of Student Feedback (EiM and SiM)

• Most students unaware of both ethics and sustainability in mathematics (only aware of 
them in design/engineering/law contexts)

• Students enjoyed integration of ethics/sustainability and mathematics, through real-world 
scenario-based problems

• Students appreciated the clear layout, simple explanations, and step by step solutions, 
which made the material easier to understand.

• Several students suggested adding more videos, quizzes, visuals and discussion-based 
activities to improve engagement and learning.

• Many students supported introducing content in lectures or tutorials (only if done in a 
relevant manner), others preferred keeping them optional.
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Impact Highlights of Project
• Over 70% of students keen to learn more (target 870 students each year, 328 survey 

responses so far)

• Students presented findings at QMUL Festival of Education and showcased work at 

London Student Sustainability Conference in 2025 and 2026 (won People’s Choice 

Poster Prize)

• Student co-creators awarded QMUL Student Enhanced Engagement and Development 

(SEED) Award for contributions to project, co-authored case study paper to be published 

in MSOR Connections

• Work incorporated in featured in new university-wide sustainability awareness 

module 'Foundations of Sustainability’ and as part of an inclusive sustainability toolkit course 

with University College London (UCL) 

• Invited workshops delivered at University of Kent, UCL, University of Cambridge, 

University of Bath, University of Edinburgh and expert reviewer for sustainability in QAA 

subject benchmark statement

• Won QMSU Education Award for ‘Sustainability Champion of the Year’ for 2025-26 and 

also nominated for QMUL Education Excellence Awards for 2025-26​

https://www.qmul.ac.uk/about/sustainability/get-involved/sustainability-training/stream/
https://www.qmul.ac.uk/about/sustainability/get-involved/sustainability-training/stream/
https://www.ucl.ac.uk/short-courses/search-courses/inclides-inclusive-commonwealth-learning-interdisciplinary-development-and-education
https://www.sems.qmul.ac.uk/news/7482/dr-rehan-shah-wins-qmsu-sustainability-champion-education-award-2026/
https://www.sems.qmul.ac.uk/news/7482/dr-rehan-shah-wins-qmsu-sustainability-champion-education-award-2026/
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Concluding Remarks

• Faculty support is critical for integrating ethics/sustainability in technical modules, but this 
can be hard. (responses such as “I teach mathematics/mechanics/computing; how can I 
incorporate ethics/sustainability into my course?”).

• As educators, we have a responsible to equip students with the tools to address global 
challenges by embedding sustainability, societal and environmental issues into the 
mathematical curriculum.

• Ethics is a matter of opinion, and it is subjective, does not mean it cannot (and should not) 
be addressed?

• When other disciplines face ethical/sustainability issues and train professionals to deal with 
them, how can we exclude ourselves from them?
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Open-access (forthcoming in early 2027) 

– read background brief here

https://www.openbookpublishers.com/books/10.11647/obp.0484
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Supplementary Resources

Ethics in mathematics: 

• Ethics in Mathematics Teaching Toolkit, M. Chiodo, D. Muller, R. Shah, arXiv, 2025.

• The role of ethics in a mathematical education, M. Chiodo, R. Vyas, Ethics in Mathematics 
Discussion Papers, 2019.

• Teaching Ethics in Mathematics, M. Chiodo, P. Bursill-Hall, LMS Newsletter 485, 22-26, 
November 2019. Republished in the EMS Newsletter 114, 38-41, December 2019

• Cambridge Ethics in Mathematics project, M. Chiodo, D. Mueller

Sustainability in mathematics: 

• EPC Sustainability Toolkit Guidance Article, R. Shah (Mar 2024)

• IMA Mathematics Today Feature Article, R. Shah (Feb 2025)

• QMUL non-credit bearing Foundations in Sustainability module 

https://arxiv.org/abs/2310.08467
https://arxiv.org/abs/2310.08467
https://arxiv.org/pdf/2310.08467
https://arxiv.org/abs/2310.08467
https://www.ethics-in-mathematics.com/assets/dp/19_1.pdf
https://www.ethics-in-mathematics.com/assets/dp/19_1.pdf
https://www.lms.ac.uk/sites/lms.ac.uk/files/files/NLMS_485_for%20web.pdf
https://www.lms.ac.uk/sites/lms.ac.uk/files/files/NLMS_485_for%20web.pdf
https://www.ethics-in-mathematics.com/
https://www.ethics-in-mathematics.com/
How%20can%20sustainability%20be%20integrated%20in%20engineering%20modules%20through%20mathematics%20content%253F
How%20can%20sustainability%20be%20integrated%20in%20engineering%20modules%20through%20mathematics%20content%253F
https://www.sems.qmul.ac.uk/content/edi/educationresources/files/IMA%20Sustainability%20Article.pdf
https://www.sems.qmul.ac.uk/content/edi/educationresources/files/IMA%20Sustainability%20Article.pdf
https://www.qmul.ac.uk/about/sustainability/get-involved/sustainability-training/stream/
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Thank you for listening!

Scan to access our toolkit resources (Project 2)
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