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CAN MATHS SAVE THE WORLD? AN OPERATIONAL 
RESEARCHER’S PERSPECTIVE 

The 4th Charlotte Scott Lecture, University of Lincoln, 4 December 2019 

ABSTRACT 

All around us, we see the need for change to improve the world we live in.  Globally: 
in May of this year the United Nations published a report 1 showing that mankind not 
only leads to an accelerated rate of extinction of species but is orchestrating its own 
extinction, unless a dramatic change occurs. The UN food programme tells us that in 
a world where we produce enough food to feed everyone, one person in nine goes to 
bed hungry each day.2  Locally: around 45% of Greater Lincolnshire lies within the 
floodplain, but Lincolnshire is also subject to drought – just one of many challenges 
that face this extraordinary county.  Individually: we are surrounded by daily 
examples of bad decisions, systems and processes that can cause anything from 
annoyance, to financial harm, to loss of life.  At every level, there are a myriad 
changes that could make the world a better place. 

This talk explores whether and how maths – and in particular, mathematical 
modelling and mathematical mindsets - can make a difference, and help save the 
world.  

TALK 

Introduction 

Thank you. I am delighted and honoured to be here. 

In my abstract I described some of the issues facing us today and said I would be 
talking about whether and how maths – and in particular, mathematical modelling 
and mathematical mindsets - can make a difference. I’ve described this as ‘an 
operational researcher’s perspective, because I have been an operational 
researcher on and off for over 40 years.  

In this lecture, I want to explain what mathematical models are, and show you how 

mathematical models can provide a powerful basis for structuring problems and 
thinking about them, exploring issues, reaching decisions, and designing systems 
that will turn those decisions into reality. On the way I will say a little more about me, 
and about ‘operational research’. But models don’t change the world – people 
change the world – so I will go on to discuss what needs to happen to make those 
models useful and used by people to change the world.   And I will give some 
examples of modelling in practice, and finish with a call to arms to spread this 
practice more widely. 

Charlotte Scott, as I’m sure you know, was a great mathematician, not only 
producing outstanding research, but pioneering the role of women in mathematics 
education and research.  

                                            
1 https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/ 
2 https://www1.wfp.org/zero-hunger 10-7-2019 

https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/
https://www1.wfp.org/zero-hunger
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I am a very different sort of mathematician. I grew up in different times – maths for 

women unusual, but not frowned on. I was an average pure mathematician. I 
enjoyed maths, but from the earliest days I was interested in connecting maths with 
society – hence my degree was associated with social sciences, which was unusual 
then and is still unusual.  And after 3 years I was fed up with studying – I wanted 
some ‘real’ work.  I looked for a job, and found one, in London Transport – a job as 
an operational researcher. Since then I have worked in a number of organisations, 
moving between OR and management roles, and sometimes blending the two.  

About Operational Research 

How many of you had heard of OR before seeing the advert for this talk? 

I had no idea what it was when I applied to London Transport.  OR has no generally 

accepted definition (which puts it in very good company with maths which similarly, 
according to Wikipedia, has no generally accepted definition).  The one I have come 
to use is “Using mathematical and scientific approaches to help organisations 
improve: better decisions, better outcomes”. 

To understand what this means in practice, it helps to know a bit about how OR has 
developed. OR started in the run-up to the 2nd world war. Radar had been invented, 
but it was not at all clear what to do with it. Once you have an image of an 
approaching plane – then what?]is it friend or foe? if foe and you want to intercept it, 
which airfield should you scramble planes from, and what directions should you give 
the pilots to ensure that they head for where the enemy plane will be when they get 
there. Scientists and mathematicians were recruited from academia to address 
operational questions like these, for air, sea and land operations. It is estimated that 
the OR associated with radar doubled its effectiveness; and that the UK’s OR 
activities throughout the war were crucial in helping defeat the Nazis.  

Since then OR has grown in every conceivable respect: with more and more 
sophisticated techniques, used in more and more application areas across the whole 
economy and across the world, and making full use of new technologies as they 
have developed.  

Returning to the theme: maths and saving the world 

Returning to the theme of this lecture – changing the world, saving the world, making 

a difference. If we want to change the world, it is not just a matter of making the 
decision that this is what we want to do – cut carbon emissions, reduce plastic 
waste, banish pollution. These are essential decisions, of course. But we also need 
to understand how we will bring them about, which means understanding and 
managing things at all levels: not just at the highest, global level of recognising what 
must change, and setting strategy, but at the detailed level of precisely who needs to 
do what, when, to make something happen.  

To achieve any of the changes we want to see, we must use fewer or different 

resources more efficiently, make better use of what we have, understand what  will 
happen if things change, and forecast the consequences of our decisions before 
they happen  etc. These are essentially mathematical statements: they can be 
understood by what I have referred to as the mathematical mindset.  A mathematical 
mindset is one that think about quantities of things (whether real things like tractors 
and wheat, or abstract concepts like safety and timeliness), the connections between 
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things, and of how quantities necessarily change if the things they are connected to, 
or the nature of the connection, change.  The mathematical mindset is an essential 
part of the ‘operational researcher’s perspective’, whatever methodologies they are 
using. You don’t need to be a mathematician to have a mathematical mindset, and 
indeed it should be cultivated by anybody who wants to see change. 

Sometimes ‘the mathematical mindset’ is enough. But there are many many 
circumstances where we can improve the situation radically by using powerful 
mathematical approaches. For this talk I am going to put the spotlight on a particular 
family of techniques, mathematical modelling.  

Explanation of mathematical modelling 

What is a mathematical model? With apologies to those of you who already know 

perfectly well what I mean by a mathematical model: A model is 

A set of mathematical equations that represents how we think something works. 

EG: How long will it take to get everybody out of this room? 

If p people can exit each minute, via each door 

and there are d doors 

and there is a total audience size of a people, then we might say the answer is M 

minutes where M = a ÷ (p x d) 

That is a model. It is a very simple  model, and not a very good one since it assumes 

that everybody is ready to move straight away, and that people are equally spread 
between all the doors, and that it doesn’t make any difference if people have 
wheelchairs, or walking sticks, or umpteen coats because of the cold. But if the 
question is: how long will it take to clear the room if there is an emergency, it gives a 
baseline answer, helps us see what more information we need if we want to be more 
confident about how long it might take, and how much it would help if we could 
speed people up, or get more doors opened. 

This model has two features I want to point out: 

- it doesn’t have any numbers in it at the moment, but even without numbers it has 
forced us to think about the logic of the situation – that we can work out how many 
people will exit if we have certain bits of information, and so on. That is useful in itself 

- if we want to get an answer in numbers, we have to ‘calibrate’ the model – that is, 

put in numbers for p, d and a. If p, d and a are reasonably good estimates, and our 
model is a reasonable representation of how things work, then T will be pretty close 
to the real thing. But the accuracy of T critically depends on whether the model 
correctly represents the logic, and the quality of the input data. We’ll come back to 
that. 

I want to make the point here: OR and Mathematical modelling are not identical. 

Mathematical modelling is used in a huge variety of fields beyond OR – in biology, 
chemistry, engineering, cosmology, archaeology, neuroscience, weather forecasts – 
which I am not going to touch on.  And OR people go beyond mathematical 
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modelling in their quest to help decision-makers make better decisions. I will be 
talking a lot more about this later.     

 

The mathematical models used in OR 

Coming back to the comment that OR has grown to use more, and more 

sophisticated, techniques: one set of these techniques is mathematical models.  

There are many classes of mathematical model: for example constrained 

optimisation, simulation, forecasting, game theory, network analysis, decision trees. I 
am going to describe just two today: constrained optimisation, and simulation. 

‘Constrained optimisation’ models look at how, for the activity or decisions you are 
interested in, you can maximise the benefit, for example the profit or the quality, or 
minimise the downside (for example the cost, or the carbon emissions); subject to 
the constraints (for example, the resources available, or the order in which you have 
to do things). 

For example, if you have a train schedule covering a number of interconnecting 

routes, you need to assign drivers, conductors, cleaners to work on them.  You may 
want to minimise the amount that people are left doing nothing during working hours. 
The constraints will include: you must have at least a certain number of staff of the 
right sort on each train; you can’t assign more staff than you actually have working 
for you; staff can’t be on two trains at once; they are not allowed to work more than 
their contracted maximum in each week, you can’t make them work without a break 
for longer than a certain maximum time, or go for too many days on shift before 
having several days break, and so on. 

Or if you have to organise refuse collection for a city, you might want to minimize the 
total journey times for the lorries, with the constraints that each household must be 
visited exactly once a week, the lorry must still have capacity left by the time it 
reaches the last house on its route, and lorries can only use roads that are wide 
enough. 

You can represent all of this in different forms of mathematical models.  

These problems very often mean that there is an enormous number of possible 
options, as you can imagine with a railway network, with hundreds of trains and 
thousands of staff; or with a city of any size, and a large fleet of lorries. If you were to 
test out each of these options, it would take years, and in some cases millennia. 
Modern mathematical models can tell you in seconds or minutes: either that there is 
no solution (if for example you do not have enough drivers, or lorries), or give you a 
solution that works. Then they will go on to look for a better solution, and will present 
you with the best solution they can find – in some cases, the proven optimum, in 
other cases, just a better solution than anyone else has come up with so far. 

Over the last 50 years, more and more of the complex systems that bring us 

modern-day living have been designed with constrained optimisation models inside 
them, tackling problems that we end-users may not  even be aware existed, and only 
become aware of when things go wrong.   
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For example, organisations that provide physical goods: have to make decisions 

behind the scenes about inventory, routing and packing: 

- A retailer, or a heat-pump factory, or a housing association, must decide on 

their inventory – goods that they are going to sell or use 

- The more they hold, the better the chance that they will be able to supply the 

customer, or have all the bits to make the heat pumps, or be able to repair 
problems in a timely way 

- But the more they hold, the more it costs to buy the things, to store the things, 
and to keep them in date if they are perishable 

- So this can be expressed as an optimization problem –looking for the lowest 
cost solution for how much of which bits you should keep in stock, to enable 
you to meet constraints of service level targets, warehouse space, etc. Or 
looking for the best service level you can achieve for a given amount of 
investment in stock. Either way, helping make decisions that keep down 
waste. 

- Packing – if you have a load of goods to transport, all different shapes and 
sizes, how can you maximize the number you get into a given space, and thus 
save vehicles or journeys? 

- And what (like the dustcarts) is the shortest route if you have to call on many 

points. 

Another example: People who provide services have to make decisions about 

scheduling and rostering 

 - air, train and bus schedules that work, that are resilient to unexpected 

incidents 

 - work rosters for hospital nurses or call-centre staff or maintenance 

engineers, that ensure coverage across the necessary period and distribute as fairly 
as possible the less-popular shifts 

 - programmes for repair and maintenance of infrastructure such as water 
supply or sewage or flood control systems, railway lines or machines on 
manufacturing sites 

Or, organisations may have to decide where to put things: 

• Warehouses, or ambulance stations, or schools where there were none in 
developing countries, giving the shortest average distance for goods 
deliveries or access to emergencies or travel-to-school times,  

• Goods on shop shelves, to maximise sales; or in food-banks, to help 

volunteers access them easily 

• Stocks to help with humanitarian disaster, giving the easiest-access-to-

necessary-equipment in the disrupted conditions of a flood or earthquake 
zone. 
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Constrained optimisation is a powerful class of mathematical models. But often, real 

world systems are just too complicated for them – things change over time, and 
there are many interconnections. Here, another class of model comes into its own: 
simulation models.  Simulation models use mathematical equations to represent how 
the system you are dealing with changes over time, like a video game.  A model like 
this is particularly useful for understanding how different factors interact over time, so 
you can see how things will play out. You can also take account of random variations 
in things like how long a job takes to do, or how many customers turn up, and indeed 
how many turn up at the same time. The picture on the slide comes from a low-tech 
simulation model of outpatients departments, which took account of the way people 
arrive early or late, or take a longer or shorter time to do things to model patients’ 
waiting time, doctor idle time, clinic overruns and so on.  In a simulation model, you 
can understand what is happening, and even more easily than the optimisation 
models, you can ask ‘what if’: what if we tried different sorts of appointment systems. 
Or had more doctors, or fewer missed appointments. 

Here is some commercial software displaying a rather more sophisticated model of 
my door example from earlier on: https://www.youtube.com/watch?v=97QIFsVqeh4 

Simulation models are used to support decision-making and design of hospital 
appointment systems, factory layouts for new products, they’ve been used to design 
the new stations for London’s cross-rail to take account of passenger movement, to 
plan the manufacture and distribution of a new vaccine from GlaxoSmithKline, to 
redesign operations at the Port of Dover, to manage the handling of dangerous 
radioactive material as part of the decommissioning of nuclear power plants.  At their 
simplest, they can provide an ‘aha!’ moment as people recognise what it is that might 
transform how smoothly the system operates. At their most sophisticated, they form 
a ‘digital twin’ – something that replicates almost every detail of real life, and/or a 
virtual reality environment.  

Can mathematical modellers save the world?  

I hope you are getting the idea by now that mathematical models can be, and are 

being, used to understand systems that we want to manage or change, and to make 
decisions about, and design better, more efficient, more effective systems. They are 
enormously powerful in showing ways to carefully husband the world’s resources, to 
help decide the best course of action, and to deliver better outcomes. 

But it turns out that that is not enough. If you want to use maths to change the world, 
we need more than brilliant mathematical techniques.  

What else do we need? 

Understand Data We saw earlier that if you want to get answers out of these 

models, you must put data in.  I am sure that everybody in this room is familiar with 
the very precise mathematical equation Garbage In Garbage Out.  Any modeller 
needs to understand what data is available, see through the many disguises used by 
poor data to understand really how reliable or dodgy it is, and how it can best be 
used. There is plenty of trumpeting about ‘big data’, but there are enormous gaps in 
quality and quantity of data about some of the most important things that matter. I 
won’t say much more about this, but will move on to something even more obvious. 
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Understand System  The mathematicians must really understand the system 

they’re modelling.  One of the things that made the early OR pioneers so successful 
in identifying solutions for World War 2 challenges was the fact that during World 
War 1 they had themselves been combatants – air pilots or sailors – and really 
understood the reality of what they were grappling with.  I have seen a 
recommendation to bus companies on how to change procedures to manage those 
annoying occasions when buses come in bunches, which included excellent analysis 
of the impact of traffic conditions and passenger behaviour, but did not recognise the 
need for the bus driver to get to their scheduled break within an allotted time. I 
myself once recommended a superb algorithm for estimating electricity bills more 
accurately, without realising that the way the IT manager would go about 
incorporating it into actual bills would radically change its impact. A colleague 
couldn’t understand why a company was not implementing his brilliant directions for 
more efficient delivery routing, until a site visit showed that the lorry drivers knew that 
certain loading bays were not as big as the records said, and so the plan was 
unworkable. It is absolutely crucial for a mathematical modeller to understand the 
sheer extent of their ignorance when embarking on a new area, and to consult with 
those who may have the answers. 

Sounds simple, but it isn’t really. With the best will in the world, people who are 

expert in the situation being modelled will not think of everything they need to tell the 
modeller about it. Because they are not expert in mathematical modelling, and don’t 
know what the modeller need to know.  In any case, the modeller can’t necessarily 
articulate what they need to know till they’ve got a long way down the road, so it will 
keep changing. And the real world will keep changing around you while you’re 
working on the issue. So a good model needs to be a continuing partnership 
between those who are responsible for, or engaged in, the system of interest, and 
the modeller, and a good modeller needs to start off by being good at eliciting 
information from the experts.   

Human context Associated with how the system works, is the human context.   All 

of the problems that I’m discussing, problems for decision and design, are problems 
associated with human organisations and human decision-making. That means 
taking account of things like:  

- all the different stakeholders – who are the people who are affected by the issue, 

whose support will be needed if change is to happen,  who are the winners and 
losers from any suggested changes, what do they want  

- the culture – what behaviours are encouraged or tolerated, what behaviours are 
frowned upon or banned, attitudes to change, what can be said and can’t be said 

- the urgency of the situation – how much time and money are people prepared to 
pay to get a better solution;  how far must accuracy or the search for ‘better’ be 
sacrificed for the sake of getting something sorted, fast;  

- the power structure - who makes the decisions, when and how, what they want, 

and who controls them. That might be “Who can prevent building on a flood plain” at 
one end; but at the other end it might be “Who is in control of the decision about 
which route to take – the model that has worked out shortest routes, or the driver at 
the wheel”; 
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-Most important of all, given that we are modelling human systems and trying to 

make them better, is agreeing what is meant by ‘better’.  For example, if you are 
designing the algorithms for how lifts respond to calls in a 10-storey building: 
environmentalists might want the system to minimise energy consumption; public 
health experts might want it to be designed to encourage people only going up one 
or two flights to walk; the users themselves might want one that minimises average 
waiting time, or that minimises longest likely waiting time; the building managers 
might want the one that minimises wear and tear.  If you are designing flight paths 
around an airport, are you looking for the ones that result in lowest fuel consumption, 
the ones that cause noise pollution for the fewest of the airport’s neighbours on the 
ground, the ones that share noise pollution fairly across a larger number of 
neighbours, the ones that are most robust against disruption caused by delayed 
arrivals or departures. Or should you go for a mix to try to balance different 
interests? 

Uncertainty Modelling must also recognise uncertainty. This goes beyond 

uncertainty about the quality of the input data: some things that we need to know 
about a system will be too difficult to measure accurately; some things will vary 
naturally in some way we can’t predict; and there may be more dramatic changes in 
store, with the future turning out to be quite unlike the past.  Or uncertainty because 
decision A depends on decision B depends on decision C depends partly on 
decision A, and we can’t untangle it. Or because people are not always certain of 
which outcomes they would prefer.  

Error And finally, the modeller must recognise the chance that they have got it 

wrong. Quality assurance is crucial. 3 

If mathematical modelling is to be useful, then it needs to take account of all these 

issues.  Modelling alone is not enough. Over the last 70 years OR has acquired a 
number of methods and practices to take account of these: 

-  Participative modelling: working together with the problem-owners to construct the 
model. Visual simulation models particularly lend themselves to this, enabling the 
problem-owners to hands-on construct the system of interest, to generate ideas for 
how to improve it, and to see the consequences of those different ideas; but with 
modern computer technology this is possible for almost any circumstances   

- Multi-criteria modelling, which looks at getting the best outcome across lots of 

different criteria (as in the lift example), together with ‘decision-conferencing’ which 
helps those involved reach agreement on what their options are,  how well each 
option satisfies each of the criteria, and how they can get a balance across those 

- “Soft” methods which take account of the ‘human’ issues and provide a framework 

to enable problem owners, experts and stakeholders to explore their problem 
situation and decide on next steps; and taking account of the cognitive aspects of 
decision-making (ie the way decision-makers think and understand) 

- “Systems” methods which particularly recognise the “systemic” nature of the world 

– the interconnections and feedback loops between everything, the questions about 

                                            
3 . There are plenty of examples of modelling gone wrong; one set of modelling produced by non-OR 
people, in 2012, caused the government so much embarrassment that an independent review was 
commissioned, and quality assurance guidelines produced (with the help of government OR people). 
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where you draw boundaries, about whether you need a helicopter view or a detailed 
view of any problem. A group specialising in systems is working just up the river, at 
Hull University 

- here at Lincoln you have a group specialising in ‘Community OR’, using these 
methods to help communities where the structure and power relationships are quite 
different from the government and business organisations that most OR people work 
with 

Other requirements: trust and ethics 

If a mathematical model is to be used, there another feature that is important, and 

that is trust: the problem-owner must trust what the model is telling them. Trust is 
something that is a topic in itself, so I won’t say much more than that for trust to 
blossom, the modeller must be open in explaining the detail of the model and honest 
in conveying the answers that it gives. And for trust to be well- bestowed, the 
problem-owner should steer between the two traps of total cynicism (the ‘had-
enough-of- experts’ school of thought) and blind trust, flexing their own mathematical 
mind-set to judge the trustworthiness of the model. 

And if the models are to be used to save the world, one more thing: ethics. These 

models are enormously powerful, but they are not inherently “good”. They are as 
effective for people-smugglers, or for people who choose to use Facebook for 
undermining democratic elections, as they are for people working to improve the 
world we live in. Like trust, ethics is a topic in itself, so all I will say here is to utter a 
dreadful warning: mathematical models are being used in all sorts of ways that are 
not immediately visible, many of which are not good for us; so you might like to 
sharpen your awareness of this.  

Examples of OR and mathematical modelling helping to save the world 

I’ve tried to show some of the ways that mathematical modelling, in conjunction with 
methods and approaches that recognise the human aspects of what we are trying to 
do, is enormously powerful.  What I love about OR is that it has methodologies and 
tools that go right from the top level, of understanding the issues and deciding what 
are priorities for action, down to the detailed level of how actually to make things 
happen, in a way that recognises real world constraints and is as effective and 
efficient as possible.  I love reading examples of how it has been used: in 
redesigning treatment systems for stroke patients, slashing the death toll; in 
reforming child protection policy in the UK and internationally; in enabling 
communities in a region where water is scarce to reach agreement about how it is 
allocated between farming, industry, tourism without causing environmental 
destruction.    

You want a windfarm? Offshore? With lots of turbines? Wind turbines cast a 
‘shadow’ on the turbines around them – how can you best arrange them to avoid 
losing power? What routing for the cable will be most economical for getting power to 
shore? How can you build an offshore windfarm economically, given the hostile 
conditions of the North Sea? OR lies inside the work that is leading to offshore 
windfarms becoming not only technically, but also economically successful.  

You want a shared bike scheme? How can you make sure that bikes are available 
where needed, that docking stations are available where needed, that repair 
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technicians get to the right place at the right time? OR lies inside the work that has 
dramatically improved user satisfaction with the London bike scheme.  

And it lies inside the model used by the UK government to portray the UK energy 

system, from fuel extraction and trading, to fuel processing and transport, electricity 
generation and all final energy demands, and thus to understand the carbon 
emissions of the UK. They lie inside this model  http://2050-calculator-
tool.decc.gov.uk/#/home which is available to anybody to test out alternative routes 
to a low-carbon economy.  

Conclusion 

Mathematical modelling is already being used all around us in ways that are not 
visible to most of us, to help make better decisions, design better systems and to 
save resources. 

But it could be used for much more. It could be used to support deplasticisation, to 

move towards a carbon-free future, to generate food sufficiency and healthcare for 
all, for protection against the risk of natural disaster and for humanitarian relief if 
disaster strikes. It could be used to address all the UN’s Sustainable Development 
Goals, the UK’s Industrial Strategy challenges, Lincolnshire County Council’s work 
for a better future.  

 If that is to happen – if the methodologies and associated human-oriented 

approaches that I have described are to be used more widely - we need 
mathematical modellers who understand the modelling, and what is needed to make 
their models useful and used.   

Even more, we need decision-makers and leaders - industry executives from shop 

floor to top management, civil servants, and elected officials – local, regional and 
national – to be aware of the power of these methods, to help understand what is 
going on, to try out solutions, to build consensus, to design better systems and to 
make the right decisions; and to understand the models’ limitations and how to 
integrate people and models.  

And we need citizens who understand all this. In today’s political climate where 

policy is made without regard to the evidence and without thinking through the 
consequences, where complex and messy issues are met with kneejerk reactions 
and simplistic slogans, mathematical modelling offers an alternative, to use the 
evidence, from all the stakeholders, to work through the consequences tomorrow of 
actions today, in order to generate robust recommendations. All of us, as citizens, 
can flex our mathematical mindsets to apply this sort of thinking. Having sufficient  
quantitative nous to understand what scientists are saying, not to be bamboozled  by 
dodgy statistics,  to be able to call arm-waving politicians to account,  is very much 
part of "saving the world" . 

I hope I have conveyed to you the power and scope of OR and mathematical 

modelling, and enthused you too with its potential to help us address the problems 
we now face. Thank you. 

 

Ruth Kaufman 4/12/2019 
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