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Abstract

We extend Langdon Winner’s idea that artifacts have politics into the realm of
mathematics. To do so, we first provide a list of examples showing the existence
of mathematical artifacts that have politics. In the second step, we provide an
argument that shows that all mathematical artifacts have politics. We conclude
by showing the implications for embedding ethics into mathematical curricula. We
show how acknowledging that mathematical artifacts have politics can help math-
ematicians design better exercises for their mathematics students.
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1 Introduction

In this essay, we present a three-step argument that both supports the idea of embedded
ethics in mathematics, and refutes the concept of political neutrality of mathematical
knowledge. Our first step, providing a list of examples demonstrating how a modern
society can use and be affected by mathematics, aims to prove the existence of mathe-
matical artifacts that have politics. These examples predicate our second step, in which
we provide an argument for why every mathematical artifact has politics. This then pro-
vides the validation and insights for the final step of embedding ethics into mathematical
teaching and practice. In doing so, we extend Winner’s famous essay Do artifacts have
politics? focusing on engineering artifacts[147], and the many works analysing the politics
of artificial intelligence (e.g. [68, 78, 146]), into the world of mathematics.

2 Some Uses and Effects of Mathematics in Society

In this section we list and describe some of the uses and effects of mathematics in society.
Of course, no such list can ever be complete because new applications of mathematics
are found daily. Nonetheless, it is necessary to see a selection of uses and effects in some
detail to get a better feeling for what it means for an artifact to have politics, before we
explore a more general argument in section 3 and to better understand the elements of
embedded ethics in section 4.

Such a list, even if incomplete, can serve as a useful starting point and tool for creating
interesting and challenging mathematical exercises for students because it identifies some
of the underlying dynamics involved in the general use of mathematics. Any area of
mathematics can be connected to some use or effect, and as such, these exemplary uses
can help us to design mathematical exercises that explore mathematics and its politics
simultaneously.

The uses and effects we will cover are: prediction, discovery, (re-)organisation, optimi-
sation, protection, fun, extraction, analysis, synthesis, damage, harm, education, pun-
ishment, justice, control, self-image, economics, history, and manipulation; see Figure
1.

2.1 Prediction

Predictions typically include statistical results to infer from a sample to an overall pop-
ulation, or a quantitative scientific theory about nature or society to predict the future
or an otherwise unknown socio-technical, technical, biological or physical feature. Any
prediction alters the state of the world, even when it is not acted on, as it increases our
knowledge and potential for actions. When acted on, predictions

• about systems involving human interaction can become a self-fulfilling prophecy and
self-destructive as they can amplify or reduce certain behaviours (cf. [16]),

• help us to imagine and navigate an unknown future, and by contrast, assist us in
understanding the past (cf. [7]),

• can change the minds of those who perform or use them on a biological and psy-
chological level (cf. [67]).

2



Figure 1: All uses and effects are connected to each other.

Examples: Feedback loops in recommender machine learning systems can lead to echo
chambers[69]; Covid-19 models have driven policy decisions and put mathematical models
and their makers into the spotlight of political attention[28, 86], and so have models about
climate change[79]; search engines try to predict the most relevant result for their users,
but when they are systematically wrong, they can induce forms of oppression, leading to
lasting effects on minority groups[104]; Einstein’s general relativity predicts the existence
of gravitational waves[24]; chaos theory gives ways to understand and potentially overcome
some of the limits of reliability and predictability[11]; mathematical predictions play an
essential role in creating imaginations and expectations of the future, and thus drive much
of our individual and collective economic activity[7].

2.2 Discovery

As part of the sciences, politics or everyday life, we use mathematics in an attempt to
discover truths about the physical and socio-technical world surrounding us. In the mode
of discovery, we fundamentally build on

• the trustworthiness and deductive power of mathematical results to establish trust-
worthy theories of the world (cf. [94, 115]),

• the power of mathematics to construct search spaces (cf. [132]),
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• and abstraction to simplify the object of discovery for it to be captured and for-
malised by mathematical knowledge (cf. [50, 119, 134]).

Examples: Predictive policing and crime forecasts can support the everyday job of po-
lice services[113], but they also lead to deep political questions about fairness, bias and
privacy[4]; mathematics underlies the search engines that organise the world’s information
and thus has become fundamental to the discovery of knowledge in everyone’s lives[18],
thereby deeply affecting how people see the world and understand themselves[104]; math-
ematical physics helped to search for, and build the machines detecting gravitational
waves[24]; models for climate change cannot capture everything, and the abstraction
required often leads to deep philosophical and methodological debates about their con-
struction and use[52].

2.3 (Re-)Organisation

Mathematics can be used to (re-)organise technical or socio-technical systems. Such usage

• often builds on potentially conflicting metrics, indicators and measures on which
the (re-)organisation is judged (cf. [98]),

• regularly requires trade-offs and choices, for example, between importance and sen-
sitivity (cf. [33]),

• and often is within the framework of, or breaks with, a widely accepted scientific
theory[73], or may break with their practitioner’s expectations (cf. [49, 56]) or
other’s expectations.

Examples: Different fairness measures can be contradictory[51, 66]; machine learning
algorithms may require a trade-off between fairness and interpretability to maintain accu-
rate predictions[1]; many of the decision problems used in operations research (e.g. mixed
integer programming) are NP-complete, while others (such as linear programming[64])
can be solved in polynomial time, leading to trade-offs in model selection; there exists
an ever-growing list of counterintuitive results in basic probability[102]; the experimental
observations along with new mathematical models broke with the Aristotelian worldview
and led to the scientific revolution in the early modern world[129].

2.4 Optimisation

Any form of optimisation builds on deep ideas about how the world is organised, and how
it should progress and develop. Some of those are forms of colonial or scientific knowledge
that have become standard in the industrialised modern world[87, p. 97]. Through this,
optimisation can manifest itself in many ways, including

• as mathematical artifacts building on quantification, abstraction, formalism, gener-
alisation, idealisation and other forms of de-situationing from the specificities of the
problem (cf. [87]),

• as a human practice building on people’s aspirations, emotions, desires, imaginations
and needs (cf. [7, 87, 150]),

• and as a tool of power and legitimisation it can provide us with answers to the
question of how a physical, technical or socio-technical system, organisation or order
can, or should, look like (cf. [6, 87]).
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Examples: Proxy variables in the measurement of our economies, such as those used
to model living standards[92], can become distanced from people’s lives and thus may
struggle to capture reality; under the hood of modern search engines lie difficult optimi-
sation problems, and as systems, they build on their creator’s aspirations, imaginations
and technical needs (cf. the initial construction of the Google search engine[18]); as tools
of power, the optimisation techniques employed within a management or operations re-
search context can overstep and change social barriers in various ways[120]; the variational
principles underlying much of physics are an example of how optimisation appears in the
physical world[6].

Optimisation often crosses the lines between the factual and normative, e.g. the statistical
thinking and optimisation ideas behind Darwin’s work on natural evolution[37, 121] have
led to forms of Social Darwinism[61], which then manifested itself in normative ideas
about an optimal world.

2.5 Protection

We can use mathematics to protect socio-technical or biological systems from each other.
In doing so, we

• often aim to create a mathematical system that is aligned with our norms, values,
utilities and laws (cf. [5, 65, 148]),

• may build on the epistemological supremacy, techniques and methodology of pure
mathematics to build (hopefully) provably secure layers of technical protection for
people, institutions, processes or data (cf. [72, 118]),

• use mathematical methods to understand the evolution of biological systems and
their struggle for existence, in order to advise on their preservation or destruction
(cf. [55]).

Examples: AI alignment research tries to understand how to put ethical constraints
into socio-technical systems[69] and, more generally, how to align AI systems with our
human values[148]; many hope that predictive policing[113] will make our police services
more efficient, and thus, save lives; selecting interpretable machine learning techniques[91]
over uninterpretable, potentially more accurate models, can be a means to protect society
from the systems it builds; as a means of protection, cryptography has become essential
in all our lives and modern infrastructure[118]; mathematical surveillance systems built
to protect us can lead to challenging questions when their existence and scale comes to
light[137].

2.6 Fun

We can use mathematics to derive enjoyment. This may involve

• seeing mathematics practice as a puzzle, or solving and constructing mathematical
puzzles (cf. [112, 145]),

• appreciating its beauty and understanding it as a form of art (cf. [23, 85, 149]),

• the social activity of doing mathematics in a group of like-minded people or by
simply being good at it (cf. [111]).

Examples: Many popular books on mathematical puzzles (e.g. [145]), beautiful proofs
(e.g. [2]) and beautiful mathematical identities (e.g. [42]) exist on the market; the beauty
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and puzzling nature of mathematics can become part of one’s definition of doing mathe-
matics, thereby setting the foundations for discussions around ethics in mathematics[99].

2.7 Extraction

Mathematics can be used to empower the extraction of natural, social or economic re-
sources, or its use may require the extraction of said resources. In doing so, it

• may have a morally, legally, ecologically, socially or economically (un-)acceptable
footprint (cf. [29, 32]),

• can directly or indirectly reduce or increase the consumption of resources by other
institutions, groups or systems (cf. [29, 32])

• or lead to other planetary and social costs and imbalances. The extraction of natural
resources may lead to advantages for some to the detriment of others (cf. [29, 32]).

Examples: The planetary and social footprint of modern AI systems is growing massively
and is no longer negligible[32]; Bitcoin has a famously large energy consumption, and in
order to be profitable, mining often requires specialist hardware[106, 138].

2.8 Analysis and Synthesis

Mathematics gives us the logical and quantitative tools to

• break down mathematics itself and much of the world surrounding us (cf. [108, 143]),

• create new abstract, physical or digital items, systems or structures (cf. [108, 143]),

• and to deploy new creations efficiently by amplifying their reach (cf. [29, 97]).

Examples: The effectiveness and amplification power of mathematics in Big Data has
led to a new form of capitalism, nowadays often called “Surveillance Capitalism”[151];
modern science would not be possible without modern mathematics and the effectiveness
of mathematical forms of reasoning, quantification and argumentation (cf. [143]).

2.9 Damage or Harm

Mathematics can be accidentally, willfully or unknowingly used to do damage or harm.
Such actions may include

• abusing the power and standing of mathematical arguments (cf. [27]),

• the act of learning mathematics (cf. [43]),

• and preventing it may require a holistic look at the target of the mathematics, its
social context and a mathematician’s training (cf. [97]).

Examples: Due to being hard to challenge, statistical reasoning has misled judges to
order false convictions[105], potentially requiring professional bodies to stand up and
take a position in public (the Royal Statistical Society issued a public statement in the
case of R v Sally Clark [131]); the misuses and abuses of mathematics are almost never-
ending, and thus can be called “weapons of maths destruction” endangering our modern
democratic societies[107]; AI systems can learn to be racist or antisemitic from biased
data or harmful user interactions[60]; the potential for misuse and harm has led to many
calls for Hippocratic oaths (for an overview, see [97]).
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2.10 Education

Mathematics education is deeply connected to the organisation and structure of modern
societies. At all levels, mathematics education

• is not blind to existing societal problems, such as issues of racial discrimination,
equity and fairness (cf. [15, 30, 47, 81, 83, 84]),

• can promote or reduce a student’s self-worth, anxiety and feelings of accomplishment
(cf. [22, 77, 110]),

• can be hindered or fostered by one’s attitude towards mathematics (cf. [103]).

Examples: The discourse surrounding mathematics education may include discussions
about equity, social responsibility and specialised ethics frameworks (e.g. [122]); some
have called good mathematics education a civil right because of its necessity for people
to function in and successfully navigate modern society[20, 96].

2.11 Punishment and Justice

Mathematics can be used to falsely or correctly support, execute or promote punishment

• in the legal system through correct or incorrect mathematical arguments (cf. [80]),

• in education through the use of problematic educational philosophies (cf. [43, 122]),

• or in other institutional settings through the implementation of problematic perfor-
mance metrics or other quantitative indicators (cf. [98]).

Examples: Misleading statistics have led to unjustified convictions[105]; the use of pre-
dictive algorithms for A-level grades created a public outcry due to its potential for
injustices[62]; the overuse of metric-based decision-making can be punishing to those
who are not adequately captured by them[98].

2.12 Control

We can use mathematics to exert control over biological, technical, digital or physical
systems, social groups or institutions. In doing so, we

• have created the matured mathematical area of control theory that developed many
of its modern foundations in the political circumstances of war (cf. [114]),

• may use mathematics to help organise, classify or protect certain aspects or groups
of our modern societies (cf. [46, 54, 90]),

• have used, misused and abused it in various situations (cf. [144]).

Examples: The transport problem can be used to create and destroy rail networks[125];
the form, act and results of grading students may be impacted by a student’s socio-
economic background and social capital(cf. [63]); the Gaussian copula, used in financial
models that estimated and attempted to control risks, played a fundamental role in the
global financial crisis of 2008[82, 124].

2.13 Self-Image

The existence and use of modern mathematics, and its deep roots in the Greco-Roman
tradition of thought, impact the self-image of
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• all people through its dominance in modern education and everyday life (cf. [43]),

• all our institutions through the promotion of quantifiable decision-making and other
rational forms of reasoning (cf. [98, 133, 141],

• and other societies worldwide throughout history and in the present (cf. [34, 35]).

Examples: There is a heated debate about whether one must, should or can decolonise
mathematics (e.g.[14, 53, 116]). These debates, as well as similarly situated discourses on
ethics in mathematics and mathematics for social justice, regularly challenge or defend the
potential universality of mathematics and other self-understandings of the discipline[100,
p. 8].

2.14 Economics

Building on its solid foundations and modes of reasoning, mathematics has impacted
modern capitalist societies at various levels, e.g. mathematics

• has revolutionised economics helping it become a quantitative rather than purely
social science (cf. [126])

• is the cornerstone of many of the organisational principles of modern economies and
capitalist dynamics (cf. [7]),

• can be named a production factor of the modern digital economies, right next to
land, labour, capital and entrepreneur (cf. [59]).

Examples: The introduction of utility functions has led to a “marginal revolution”
in economics[95], clashing with approaches focusing on the social psychology of human
behaviour (cf. [3, 48]), which can see economics as a predominantly social and not math-
ematical science which is (thus) unable to always adequately quantify human decision
making; standard measures of economics (e.g. the GPD[41]) are used to drive policy,
even though they regularly fail to capture social or environmental well-being; the effi-
ciency and amplification potential of mathematical digital products and services have
lead to a form of “surveillance capitalism”[151].

2.15 History

The history of mathematics is in some aspects very similar to the history of other natural
sciences, i.e.

• it is a history of many different forms and cultures engaging in mathematics (cf.
[17, 34, 35]),

• it cannot be written as a history of linear, constant progress (cf. [40, 57]),

• is full of different reasons for doing mathematics (cf. [21]).

Examples: The study of ethnomathematics has led to new challenges in the writing of
histories of mathematics (cf. [35]); geometry was done for different reasons, with different
methods, and different intentions throughout the ages[21]; the 19th century may have
been a century of anxiety for many mathematicians[57].
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2.16 Manipulation

Rational quantification through mathematics regularly sets the standard for proper rea-
soning about the world (cf. [39, 115]). In this context, mathematics can be used

• to efficiently and effectively manipulate the physical world (cf. [134, 143]),

• to (in)effectively manipulate the social world using potentially unfalsifiable quanti-
tative theories and models (cf. [87, 134, 136]),

• and to manipulate the world of socio-technical systems by embedding one’s politics
into them (cf. [93, 134]).

Examples: Modern physics and engineering would not be possible without modern math-
ematics, and it is “unreasonably effective”[143]; the machine learning models behind social
media’s ranking algorithms can promote certain beauty standards and thus inadvertently
manipulate viewers and content producers(e.g. [10]); micro-targeting as part of political
advertising, potentially crossing the line between persuasion and manipulation[8, p. 86].

3 Mathematical Artifacts Have Politics

In the previous section, we provided examples of how mathematical artifacts can have a
political dimension, thereby establishing the existence of some mathematical artifacts that
have politics. This section will argue that all mathematical artifacts have politics, just
like Langdon Winner[147] argued that all technical artifacts have politics. This has also
been asserted in the recent Manifesto for the Responsible Development for Mathematical
Works, albeit without a complete argument[29]. Of course, any such argument must lie
on certain assumptions. Ours builds on two. We take as given the lessons from critical
theory (cf. [12]), i.e.

• Politics is any action involving or affecting you or someone else directly or indirectly,
i.e. them as a person or their values, norms, wishes or desires.

• Every activity which is exercised by a human or by a machine is political. Any
activity always affects or is affected by you or others, as it is supported or opposed
by you or others or it is related to your or someone else’s values, norms, wishes or
desires.

We understand this as morally necessary, since otherwise there exist moral vacuums in
which people can commit harm without the moral judgement of themselves or others.
Implicit in this moral necessity is a form of Kant’s categorical imperative, i.e. every
individual must not solely be treated as a means to an end but always be treated as an
end in itself[71].

Why is this relevant for mathematics? A unique freedom governs mathematical practice.
The structure of a mathematical argument might look inevitable, and every line logically
follows from its predecessor, yet it is full of human decisions and choices[101]. These
decisions reflect the mathematician’s or someone else’s1 desires, needs, wishes or norms.
As such, every mathematical decision or choice is political and contains deep normative
and political questions (this is especially true about foundational mathematical decisions,

1These can include your students, colleagues, your funder, manager, your users, and many other
affected parties, see also [29].
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see [139]). Consequently, every mathematical artifact, i.e. the product of a human or
machine performing a mathematical task, has politics.

Yes, this means that “2+3=5” is a mathematical artifact that has politics. Without fur-
ther context, it does not imply that it is good or bad, but it is not politically neutral. The
politics of such a statement include, but are not limited to, the use of widely accepted
notations, the use of a widely accepted numbering and counting system, as well as the
normative component of writing down a true equation within that system instead of writ-
ing it down in alternative systems found throughout history or in indigenous communities
around the world[109]. Even simple acts like doing arithmetic or counting are social and
political[9]. Just like the (natural) sciences’ success and progress are intimately connected
to its norms and standards[130, p. 8], so is that of mathematics. The meaning and context
of what even simple equations like “2+3=5” stand for are not politically neutral.

Thus, all mathematical artifacts are material actors in our world (cf. [76]) that have
politics beyond the politics of their maker. They can promote or restrict certain actions,
styles of thought or modes of reasoning, and what feels natural to us (e.g., the construction
of natural numbers using Peano’s axioms[127]), might not be all too natural for someone
who did not grow up with our heavily axiomatised form of arithmetic using Hindu-Arabic
numerals.

Consider, as another example, the Neutron Diffusion Equation governing the diffusion
of neutrons in different materials:

∂Φ

∂t
=

σ − 1

τ
Φ +

λ2

3τ
∇2Φ

where Φ(x, t) is the (free) neutron density, σ is the average number of neutrons re-
leased in a fission event, τ is the average time between fission events, and λ is the
average distance a neutron travels before being absorbed by a nucleus. This equa-
tion, and its mathematical solution showing that the mass of Uranium needed for an
atomic bomb is a feasibly obtainable quantity, is an example where knowledge of the
existence had huge political influence before anything remotely similar to a bomb was
even built with it. In a very real sense, it was enough to shift the war effort during
World War 2[128]. The equation had ambition deeply embedded into it, giving us
both the atomic bomb and nuclear power plants, but its politics go beyond dual-use
issues of research with its varying forms of political and ethical interpretations and
points of view.

The definition of politics also means that the decision to create a mathematical output
without obvious applications is deeply political as it follows someone’s values, norms,
wishes or desires; depending on its motivation and the consciousness of the decision. In
particular, decisions not to be political (with or about one’s or another’s mathematics)
are always political. Once again, this does not imply that it is good or bad. It can be
either, depending on the specific circumstances of these decisions. But politically neutral,
it is not.

Hence, in some sense, the statement that “mathematical artifacts have politics” is, at the
same time, extremely benign and radical.

Unlike much of the modern political discourse that we are used to, the statement that
“mathematical artifacts have politics” neither claims the moral ground of good or bad,
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nor tells you how to believe or act. The statement is thus fundamentally different from
many of the notions of politics that are found in the news, social media or other forms
of discourse. In essence, “mathematical artifacts have politics” does not mean they have
“one kind of politics”. Each artifact can come with a spectrum of politics that depends
on its wider social and historical circumstances. It tells us very little and a lot at the
same time.

On the other hand, it is deeply radical since it pulls the rug out from under any argu-
ment that aims to foster a belief in the potential neutrality of mathematical artifacts. It
means that mathematical artifacts have power. “It is [not just] in laboratories that most
new sources of power are generated”[75, p. 163], but ever increasingly in mathematics
departments and in the minds of those using and doing mathematics. Its foundational
research doesn’t just regularly give us the foundations for entirely new fields, such as
computer science[38], that shape much of our current era, but its language and tools have
become the de-facto standard of most of what we understand of good (natural) science
and (institutional) organisation today. Mathematical artifacts are so deeply ingrained
into our everyday lives that one cannot escape them anymore, at least not if one wants to
participate in society. Viewed from this perspective, they possess the same mechanisms to
induce moral change that have already been explored for other technologies: they affect
the making of moral decisions, our potentiality for relationships with the world and our
modes of perception[36]. All of this now begs the question: When mathematical artifacts
have politics, what are the implications for the teaching and practice of mathematics?

4 Embedded Ethics in Mathematics

We understand the aims of a good mathematical education in accordance with classical
humanistic values, i.e. the instruction of students in mathematical skills, strengthening
their abilities in rational and logical reasoning, widening their curiosity, providing a sense
of responsibility towards their own and other societies, people and nature, teaching them
the politics, and hence ethics, of artifacts and the necessary practices to wield the power
of modern mathematics for good. In essence, we want to teach them to be good people
doing good mathematics in the truest sense of the word.

This means that students need to learn to navigate the world of politics and ethics within
mathematics in a gentle but intellectually stimulating way in order to foster these educa-
tional aims, to later avoid the common problem of moral overloading[135], and to be able
to function at various different levels of ethical engagement[25]. Such an approach includes
expanding the common definition of what good or bad mathematics actually means[100,
p. 3], showcasing the variety of what it can mean to be a mathematician[19], and deeply
embedding ethical training into mathematics by incorporating it into the teaching at all
stages of the curriculum, including appropriate mathematical exercises with a realistic
and relevant ethical dimension (by going beyond “prove this”- or “calculate that”-type of
questions and including the social, political or ethical context into them, e.g. [123]), in
order to normalise the experience of encountering such problems[26].

It is important to remember that “mathematicians [can be] more or less aware of philo-
sophical tensions. But, not being philosophers (or at least not very often), they do not
need to resolve these tensions — it’s enough for them to manage them by mediations
and analogies”[140, p. 19], and that “ethics eludes computation because ethics is social.
The concepts at the heart of ethics are not fixed or determinate in their precise meaning.
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To be applied they must be interpreted, and interpretations vary among individuals and
groups, from context to context, and may change over time”[70, p. 33]. For approaches to
embedded ethics, this implies teaching enough to navigate the issues of ethics and politics
in current and future mathematical work, i.e. teaching some familiarity with philosophy
is important, but it probably should not overwrite the focus on normalising discussions
surrounding ethics, politics and usage, and providing the theoretical and practical knowl-
edge necessary to navigate their often murky waters. Such foundational approaches may
be particularly relevant in light of the large potential for denying social responsibility
within mathematics (e.g. [25, 44, 45]) and adjacent fields (e.g. [142]).

These insights serve as the foundation for embedding ethics into mathematical curricula.
In sections 2 and 3 we saw the embedded politics of mathematics. But to properly
transfer this into mathematical education, it needs to be combined with a knowledge of
the different levels of ethical awareness that professional mathematicians and students
may have[25], as well as a description or definition of the process of doing mathematics
(one such description can be found in the pillars of the Manifesto for the Responsible
Development of Mathematical Works [29]). The combination of all three provides a usable
way to design new mathematical exercises. We summarise this in Figure 2.

Figure 2: Elements of Embedded Ethics in Mathematics (based on section 2 and [25, 29])

At this point, we must note that a more hands-off approach, such as merely introducing a
code of conduct or, indeed, a “Hippocratic oath for mathematicians” would be insufficient
to accomplish these educational goals as there is no system, infrastructure and training to
support (or enforce) any student or professional mathematician in their adherence to such
a code [97, 117]. It is important that any attempt to embed ethics into the mathematical
curricula at universities must not just attempt to cover many of the political dimensions,
but also should cover the entire process of doing mathematics in a social context (e.g.
the 10 pillars outlined in the Manifesto for the Responsible Development of Mathematical
Works [29] and the different potential levels of ethical engagement[25]). Only then can
students see the politics of their mathematics in action.
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While this task might appear daunting at first, it essentially reduces to finding the ethical
or political dimensions of one’s own areas of mathematical expertise if everyone is on
board. Similar approaches are actively tested with good results by many universities in the
subjects of computer science and artificial intelligence[13, 31, 58, 88, 89]. It is important
to remember that no single lecturer needs to design questions that cover everything, but
throughout their studies, students should see as many different aspects as possible. This
will automatically be assured if each lecturer covers their own courses with the help and
input of others (e.g. philosophers, ethicists, practitioners, etc). The Embedded EthiCS
programme at Harvard has set up a special seminar for lecturers to learn and discuss
the setting of problems. Their website also includes a link to questions for many of
the standard CS modules2. The Cambridge University Ethics in Mathematics Project
also provides useful resources for those who consider implementing embedded ethics into
their programme. Their resources include exercises and additional material specifically
designed for mathematicians3.

4.1 From Theory to Practice: Example Questions

We now briefly show what exercises exploring the politics of mathematical artifacts could
look like. These will be exemplary in that they show that one can construct interesting and
challenging mathematical exercises that balance the mathematical difficulty and political
aspects without neglecting either side. The fact that mathematical artifacts have politics
does not harm mathematics, and indeed, acknowledging it helps us to create and do better
mathematics. To construct these exercises, we used the insights from Figure 2 to cover at
least one political dimension, one or more levels of ethical awareness, and specific pillars
from the lifecycle of mathematical work.

Differential Equations (Applied): A detective arrives at the scene of a crime
at 5:00pm. They find a warm cup of tea and measure its temperature at 40°C. By
5:30pm the tea’s temperature has reduced to 30°C.

1. The police approach you with this data and ask you when the tea was likely
made. Briefly discuss any questions that you still need to ask the police officers
and their potential ethical relevance. What are potential barriers of communi-
cation?

2. The police are unable to provide you with more information but they ask you to
give an estimate based on idealised conditions and a constant room temperature
of 20°C. Giving all mathematical details and assumptions, use Newton’s law of
cooling to estimate when the tea was likely made.

This question finds its origins in the first-year differential equations course of the Math-
ematical Tripos at the University of Cambridge. We adjusted it to include some of the
elements of embedded ethics, including

• communication and deciding whether to begin (i.e. understanding mathematical
assumptions and limitations of the available information),

• level 1 (realising there is ethics in mathematics),

• as well as the political dimension of judgement, prediction and punishment.

2Embedded EthiCS: Module Repository https://embeddedethics.seas.harvard.edu/module.
3Cambridge University Ethics in Mathematics Project: https://www.ethics.maths.cam.ac.uk/.
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Differential Equations (Foundations): This question will ask you to explore the
concept of dual-use within the study of differential equations.

“Dual Use Research is defined as research conducted for legitimate purposes that gen-
erates knowledge, information, technologies, and/or products that could be utilised
for both benevolent and harmful purposes.” See: http://www.bu.edu/research/ethics-

compliance/safety/biological-safety/ibc/dual-use-research-of-concern.

1. How does dual use come up in the study of differential equations?

2. Do you know a differential equation that can be applied in a benevolent and
harmful way? (Hint: Consider differential equations and their applications from
your lectures. Can you apply some of them somewhere else?)

This question teaches students to explore the use cases of their theoretical mathematics.
Students should learn the power of models and abstractions, and to experience that from
this power can also come harmful use. It gently explores

• level 1 (realising there is ethics in mathematics),

• level 4 (calling out harmful mathematics),

• the politics of discovery, harm, analysis and synthesis,

• and leads them to think about the ethics of communication, problem formulation
and abstraction.

Analysis (Foundations): This question asks you to consider what is natural about
the natural numbers N. Briefly recall the Peano axioms which we have used in our
lectures to construct N. Let N be a set satisfying

1. N contains a special element which we call 1.

2. There exists a bijective map σ : N → N \ {1}.

3. For every subset S ⊂ N such that 1 ∈ S and if n ∈ S, then σ(n) ∈ S, it follows
that S = N.

Which (if any) of (a), (b), and (c) feel natural to you, and why? Now consider that
there are indigenous tribes who count differently. Some only have the conceptual
language for the first few numbers and then use “many” for every larger set, e.g.,
they’d count 1, 2, 3, 4, many. Which of (a), (b) and (c) would feel natural to them?
Do you see why we call it “Peano’s axioms”, and not “Peano’s Theorem”?

You can find a brief discussion of this phenomenon here: Butterworth, B. (Oct 21,
2004). What happens when you can’t count past four?. The Guardian. https:

//www.theguardian.com/education/2004/oct/21/research.highereducation1.

This question is designed to make students aware that what seems natural to them might
not be natural to someone else. It uses recent research from ethnomathematics to show
students that even the basics of what we perceive as pure mathematics and counting were
constructed in a social context. This exercise also teaches students that Peano’s axioms
don’t work for a finite set of numbers. It gently explores

• level 1 (realising there is ethics in mathematics),

• the politics of discovery, history and the self-image of mathematics,
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• the role and impact of foundational axioms on how we see the world,

• and respect for and communication with other cultures.

5 Conclusion

By providing a multi-step approach, starting with specific examples showcasing that math-
ematical artifacts can have politics and abstracting these examples into an argument that
all mathematical artifacts have politics, we constructed an applicable theory for embed-
ded ethics in mathematics. By arguing that all mathematical artifacts have politics, we
deduced the necessity to embed ethical training into mathematical curricula and showed
how these insights naturally lead to new mathematical exercises. We ended the paper by
briefly outlining the coverage needed for an embedded ethics curriculum in mathematics,
and why this seemingly impossible task is not impossible after all. In a sense, follow Imre
Lakatos, and let us all bring some well-reasoned heuristics, in this case of an ethical and
political nature, into the practice of mathematics. Indeed, let us try [74, p. 144], even
when it may appear impossible.
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