

1. Observation:How to see the world scientifically

Ever since I can remember, I have wanted to know how things worked. I would (and still do!) take things apart – either with my hands or in my head – moving the pieces around and trying to understand how they fit together. I would take the wheels off toy cars and spend hours staring at bugs in our garden. Like a lot of people who grow up to be scientists, I had some urge to understand the world around me – not simply to take it for granted but to pull at the strings, to unravel puzzles, and to play around with the mess that I had created.

Sometimes children like this are described as inquisitive or curious. At other times adults roll their eyes and say they have too many questions, or remind them what curiosity did to the cat. But if you are lucky enough to do your PhD and become a scientist for real, those objections start to fall away. As I have found, it becomes normal to come into the lab on a Sunday to look after your cell cultures, and to dream about how a tiny volume of liquid in a plastic well (one of ninety-six on your tray) could produce a beautiful protein structure that might hold the key to tweaking a new drug or honing a vaccine. You are allowed to read a dozen different papers, all of which argue they have the ‘best’ method for conducting a particular experiment. That’s not an esoteric way to spend time – it’s your job. As a professional scientist, your curiosity no longer gets seen as noteworthy and potentially problematic. You can spend your day staring at stuff without anyone batting an eyelid. We even have a special adult word for it: observation.

Observation is the starting point both for doing science and for understanding how it is done. It’s how we engage the senses, question every side of what we experience, and start to see new possibilities. It’s where every single scientist starts out, whether you are taking in the world and creating your place within it, or pursuing scientific inquiries within fancy labs fuelled by grant funding and Costa loyalty cards. The root of every major discovery in science has been an observation: about something that might work, something that doesn’t work, a piece that’s mysteriously missing or a possibility that hasn’t yet been considered. These observations are sparks, lighting the fire of an idea to pursue, a hypothesis to test, a theory to develop and a conclusion to hone. They are the beginning of the entire worlds that scientists have built from scratch.

Observation is also a subject close to my heart: being neurodivergent, you are constantly both the master of your senses and at the mercy of them. Because you experience life in vivid and acute detail, you will often see things that others miss. However much you try to mask your differences or to think ‘normally’ (which doesn’t work, by the way), it won’t stop you from picking up on things that initially make no sense. Having a brain like mine means spending every day in a perpetual spin of absorbing data and detail, and trying to make sense of what you have seen. Or, as I like to call it, being alive.

Observation sounds like a simple enough thing: you look at something, scrutinize it, pick holes and derive insights. Yet it is also so much more than a scientific starting line. It is through observing that we learn, develop knowledge, and in turn gain the ability to see more clearly – observing more acutely than we did before. The circular relationship between observation and knowledge, the way they feed each other like a wave gathering speed, is the basis of any scientific career, and indeed the human condition that pushes us to make sense of the world. As the legendary physicist and Nobel Prize winner Richard Feynman put it: ‘What I cannot create, I do not understand.’ This is perhaps the most famous saying of one of the twentieth century’s most outstanding scientists. When he died in 1988, the words were still written on the blackboard in his classroom at Caltech, directly above another motto: ‘Know how to solve every problem that has been solved.’1

Ramin Hasani, a postdoc researcher at MIT, quoted Feynman’s first saying to me when describing his pioneering work in the field of artificial intelligence (AI). His research is a wonderful example of the connection between observation, insight and discovery. It demonstrates how scientists can shed light on complex subjects by breaking them down into something that is both easier to study and observe, and more adaptable in the face of new observations. My personal holy grail.

Hasani’s subject is neural networks: computer programs comprising layers of nodes that replicate the function of neurons (nerve cells) in the brain, firing messages between each other to interpret and sort data sets they have been trained to scrutinize. They are often used to tell the difference between things, like whether body tissue is healthy or cancerous, or whether a message has been written by a human or a computer. The concept is actually quite an old one, first proposed theoretically in 1944, and used all around us today: underpinning the spam filter on your inbox and the instant checking of whether you qualify for a loan or overdraft. It’s why, even on a particularly bad-hair day, the facial recognition system on your iPhone will still love you.

As these examples suggest, neural networks are pretty good at telling the difference between things, identifying patterns and sorting them into groups. It gets more complicated when we ask AI to try and do things that the human brain takes for granted, and which we loosely define with words like intelligence, intuition and consciousness. This was the problem that Hasani, like so many AI researchers, was starting to explore back in 2014. He was ‘trying to figure out what is the role of randomness in communication between islands of neurons’ – in other words to map how a brain actually works, trying to understand what he wanted to (algorithmically) create.2

But unsurprisingly (after all, the human brain has 86 billion neurons working in it), this quickly left him with more questions than answers. ‘[The] more I got to know, [the more I] realized we do not have a lot of data about these things, and it’s really complex to even start looking into the question of what is intelligence.’ So he changed tack, looking for a different lens through which to observe – one that would allow him to see more clearly. If a complex system like the human brain was too hard to understand in full detail, perhaps a less sophisticated one would do. Looking for answers about the real-world behaviour of neurons, he decided to seek out the simplest example he could find. ‘I said I have to do this principally. Let’s find out the smallest nervous system that is available in the animal domain … this was the brain of the nematode, the worm. This worm has 302 neurons, [a] super-small nervous system, but it’s still a sea of information. It’s crazy how much we still don’t know about that small brain.’3

The simplicity of the worm’s nervous system allowed it to be studied and understood – to be observed – in a way that would not have been possible with a more sophisticated animal. Hasani recalls in our interview: ‘I had to go from the nervous system of the worm, to go deeper and deeper, to understand how do neurocircuits, fundamental circuits from the nervous system that perform a function, how do they work? And then in order to understand that, you have to understand the basic mechanisms of how neurons and synapses [pathways through which neurons send messages] interact with each other.’ The outcome of this work was a discovery that both delighted and surprised him. ‘I observed that a network of 19 neurons with around 200 synapses can drive a car. That was shocking. That was the part where we got extremely excited … because we saw with super small capacity, we could create amazing dynamics.’

Hasani’s observation laid the foundation for the development at MIT of what are known as ‘liquid’ neural networks. In contrast to their traditional cousins that are essentially preprogrammed, trained to classify information based on what they have ‘learned’ from a vast database of previous examples, the liquid networks are designed to be adaptable. In effect they learn on the job, changing their behaviour based on new inputs rather than seeking to fit them into a pre-set framework. As Hasani explains, this is a crucial step towards AI that can replicate some of the more sophisticated functions of animal thought processes. ‘The real world is all about sequences. Even our perception – you’re not perceiving images, you’re perceiving sequences of images.’4 The greater sophistication of liquid networks could significantly improve the application of AI in real-world settings such as self-driving cars and automated devices in factories or hospitals, where the ability to react to changing or unforeseen circumstances, including human failure, is fundamental to risk management. Their adaptive properties represent another step towards the white whale of AI: replication of the full flexibility, creativity and intuition of the human brain – artificial general intelligence.

The liquid networks are not just a significant development in the field of AI, but a counter-intuitive one. Any researcher would assume that a better algorithm, capable of greater agility and more advanced interactions with data, must necessarily be a more complex and powerful one. To replicate the human brain, it would seem obvious that you need an AI with equivalent bandwidth.

Yet the MIT team showed that a step towards this kind of advanced functionality was possible based on a neural network that was almost absurdly small, with a fraction of the equivalent capacity that a worm uses to wriggle around. By observing the simplest and least sophisticated nervous system they could find, and understanding it completely, they had isolated features that could take AI another step closer to replicating the most sophisticated. They achieved complexity by starting with simplicity: narrowing their area of study down to a canvas on which they could isolate key behaviours and characteristics. And in the process, they had harnessed one of the eternal truths of science, that discoveries generally begin through observation – detecting trends, noticing anomalies and identifying what may be transferable from one context to another. The most advanced science in the world often starts with the simplest and most fundamental of human skills: to open our eyes, observe what is happening around us, and question what we see.

The idea that science begins with observation is straightforward enough. Before there can be a thought, forming a hypothesis that shapes an experiment that may prompt a discovery, there must be an observation – the recognition that something is either suitably interesting, different, wrong, unusual or unexpected to merit further investigation.

Observation also presents a paradox: incredibly important but, at least in conceptual terms, incredibly simplistic – so straightforward that a child can do it, as of course children constantly do. Many of science’s most important discoveries may have started with chance observations, but scientists are not necessarily ready to credit observation with the same significance as theorizing, experimentation or peer review. As the historian of science Professor Lorraine Daston has written, observation is ‘ubiquitous as an essential scientific practice in all the empirical sciences’ but also ‘invisible because it is generally conceived to be so basic as to merit no particular historical or philosophical attention’.5

By failing to take observation seriously, we do both it and ourselves a disservice. Observation is not just essential to any scientific process. It is also one of the things that humans are uniquely well equipped to do with a high level of creativity and competence. While it is true that machine intelligence plays a growing role in scientific discovery, doing the heavy lifting of carving out patterns and anomalies from vast swathes of information, it is still very limited in function. So next time your phone decides something for you, be a rebel and don’t hesitate to question it.

Consider a piece of advice I like from the statistician David Spiegelhalter: ‘Stick to what you know about & shut up about everything else.’6 This is helpful wisdom for people about to publish their next Twitter (now rebranded as ‘X’) thread, but a sentiment that algorithms take too far. They mind their own business so much, a logic encoded by design, that they are incapable of seeing beyond the parameters that have been programmed. Even with advances like the liquid algorithm, AI cannot yet match the intuitive beauty of the human brain, with its ability to manage contextual fluidity, subconsciously clock information and tuck it away for later use, or see something that a model would deem normal but which instinct suggests may not be. Against this, AI still faces what has been described as the ‘binding problem’: it can process and store vast quantities of data and detect patterns within it, but also struggles to knit together the information it encounters intuitively, matching the human ability to ‘understand novel contexts in terms of known concepts, and therefore leverage … existing knowledge in near-infinite ways’.7 Whereas human thought, strong on cognitive flexibility but weak on raw processing power, relies on the ability to conceptualize as a route to understanding, oppositely equipped AIs ‘mostly learn about surface statistics in place of the underlying concepts, which prevents them from generalizing systematically’.8

These are some of the key skills of observation in the scientific context: the ability to see things we can’t yet quantify, notice things that will be useful once we understand them better, and detect the shadow of a problem or inconsistency that is begging to be probed further. Observation means peering into the mist to estimate the gap between what we already know and what we would like to know. It sets the frame for what comes next, directing but not restricting the subsequent stages, a little like the colours on a painter’s palette.

Observation isn’t just intrinsic to all scientific work. Often, it’s the only tool available to scientists who are working at the cutting edge of a new field or trying to grapple with an emerging problem. As the whole world discovered during the Covid-19 pandemic, that is especially true of epidemiology – the study of diseases and how they emerge and spread in particular populations. Many of the basic tools that scientists used to track the spread of Covid were in principle little different from the techniques pioneered by Dr John Snow, who worked principally as an anaesthetist, over 160 years earlier. Studying a cholera outbreak in London in 1854, his mapping by hand of cases and deaths identified the source as a single contaminated water pump on a Soho street. By observing that some populations in the affected local area had remained free of disease, including workers in a nearby brewery who had access to their own water supply, he was able to establish that the critical factor was not common air but shared water, contradicting the prevailing scientific belief of the time that cholera was an airborne disease. By observing what he could actually see, rather than what established theory suggested he should, Snow was able to question the received wisdom and ultimately make a critically important breakthrough. During the Covid pandemic we all became amateur epidemiologists, tracking data dashboards and learning what the R (replication) number meant for the spread of the virus. It showed that, while tools and techniques may have moved on since Snow’s day, the basic principle of observing what is actually happening, rather than making assumptions based on what you expect, holds true.

The power of observation in science becomes clearer when we start to consider that it is not actually a straightforward process at all, even though the principle is far from complicated. One challenge is to come to terms with the limitations of what we are observing, which is usually only a small fragment or subset of an entire system, indicating something that may be a trend or could be an anomaly. Another is that we are incapable of observing anything in complete isolation, without a whole host of preconceptions or expectations. The way we see ourselves in the mirror is likely to depend not just on the image that reflects back at us, but how we are feeling that day, who we have spoken to that week, whether we’ve been for a run recently, and if we’re wearing clothes in our favourite colour.

In the scientific arena, researchers are invariably not just looking at something, but looking for something. They start with a question, and sometimes a hypothesis (or even just an instinct), in mind. John Snow was seeking the source of an outbreak of deadly disease, the latest in a recurring series of cholera epidemics. Ramin Hasani was looking for answers about how exactly the nerve centres and pathways in an animal’s brain work, and whether they conform to patterns that can be replicated. Not every act of observation is so directive, but it is selective in any case – either through the ideas or assumptions you start with, or the possibilities you discount from the very beginning. This process of selection, the intuitive ranking of the evidence in front of us, is an important part of any scientific undertaking, even as it undermines the notion that there is such a thing as objective truth or unbiased research. ‘The truth is that this is a world in which there is an infinite number of facts available, and we have to begin with some feeling for which are important and which are not,’ the academics Inge and Martin Goldstein suggested, channelling the dictum of Charles Darwin: ‘How odd it is that anyone should not see that all observation must be for or against some view if it is to be of any service!’9

The preconceptions that scientists bring to the process of observation can, of course, frustrate as well as aid effective research (and the same is true of algorithms that, far from being neutral robots, carry the biases of the humans who developed them). What might be a shortcut to a meaningful hypothesis or discovery can also be a fast-track to missing the point altogether – trying to hammer observed evidence into the form of a theory it does not support.

At the same time as Dr Snow was ending the 1854 cholera outbreak by having the contaminated water pump shut down, the government’s Board of Health was beginning an inquiry that would eventually dispute his findings – not because it had superior evidence, but simply because it had failed to properly investigate the issue of waterborne transmission in the first place. ‘They did not ask which pump the victims had used, nor did they investigate whether the pumps could have been contaminated from elsewhere.’10

As well as demonstrating how entrenched an established consensus can be in science – the view that cholera was transmitted through air rather than water continued to dominate until another major outbreak twelve years later – this episode illustrates both how scientific observation can go right and where it goes wrong. Scientists need to have hypotheses and preconceptions to guide them towards observing what is relevant, otherwise they simply become lost in the mass of potential data, unsortable even with the benefit of modern computing power. They must use their training and experience to give shape and meaning to an observation. Yet if they are too directive and cling to preconceived ideas too tightly, they risk discounting alternative explanations or possibilities before they have been properly considered. This balancing act, being neither so open-minded as to be directionless, nor so close-minded as to prejudice the inquiry, is a constant challenge of any scientific undertaking. It’s the sort of dilemma I find myself in every day trying to navigate my ASD brain through London, where a million sensory stimuli lurk around every corner and small decisions like how to cross the road or where to get my morning coffee can become agonizing. I should know from past experience what to do, but sometimes still get lost in the constant distractions and endless options, leaving me standing on the kerb for minutes at a time, sadly without caffeine. Try justifying being late for the lab to the vice president of UCL purely because you were too busy contemplating your senses on your morning commute. Very bougie.

The question of deciding what to observe is further complicated by whether scientists can always trust in what they think they are seeing. In 2011, researchers in Italy reported an astonishing discovery. They had recorded that neutrinos (subatomic particles) beamed from a particle accelerator at CERN (of Large Hadron Collider fame) arrived at their location, around 730 kilometres away, faster than the speed of light – a race they won by a whopping 60 nanoseconds. You read that right: they’d broken the speed of light! This was a remarkable finding, one that promised to change the face of modern physics, contradicting as it did Einstein’s theory of special relativity, which established the speed of light as a constant for any object in the universe, something that cannot be exceeded. And it was not some crazy one-off: the experiment was run around 15,000 times across two separate, published studies. While some observers immediately discounted the findings, others suggested that they might indeed be possible. If these particles were somehow travelling through dimensions outside the four (three of space and one of time) that are part of the established physical universe, it was feasible that they had indeed arrived faster without actually breaching the speed of light as Einstein had defined it.11 However, further studies revealed a more prosaic reality, with a fourfold experiment showing that neutrinos were travelling within the speed of light in each case. Rather than any miracle or new mystery of physics, it transpired that the initial findings had been impaired by two simple equipment issues: a faulty cable and a measurement clock that was running too fast. What had initially threatened to overturn more than a century of theory ultimately reinforced something that every scientist knows, from the chemistry lab at school to the most advanced facilities in the world: how you measure something is as important as what you discover. A scientific discovery is only as valuable as the method that underpins it, and the metrics used to define it.

Observation may be one of the oldest, most fundamental parts of scientific study, but that does not mean it stands still. The importance of observation is perennial, but the tools at our disposal to undertake it are constantly changing and improving. Sequencing the human genome, a process that cost a neat $300 million when it was first done in 2000, can be done by almost any lab today for just $1,000.12 It’s a similar story right across the spectrum of scientific research: tools and techniques that would once have been unthinkable or prohibitively expensive are increasingly available and widely used. As important a benefit as this can be, it also creates its own problems and poses new questions. Just because we can crunch more data or call on more experimentation, does that mean we should? Is more data always better, or is there a point at which it confuses more than it clarifies? And what role remains for human intuition in detecting patterns, distinguishing signal from noise, and deciding how to shape the reams of information that can now be accessed at the click of a button? Is there more than one way to ‘bind’?

Thanks to our increasingly technological lives, we face a similar oversupply of data outside the laboratory. It’s all too easy to let your life become defined by the number of steps you take in a day, how many hours’ sleep you got the night before, how many tries you took on Wordle last week, and how much extra time you spent working from home. All carefully catalogued by the smartphone that will then scold you for your excessive screen time. Measuring our lives in this way is a double-edged sword. We can become so obsessed with plotting the coordinates of our daily lives that we start to forget what really matters. This is what I think of as the Fitbit effect, where quantification offers the false promise of validation. Did we really cover all those kilometres if we didn’t measure them? It’s not hard to see the problems this can lead to, if someone becomes so focused on tracking their life in data that they start to forget about the actual living part and see what is in front of them – the opposite of what being fluid, like the algorithm, is about.

There are clear limitations to what observing and gathering data about our lives can achieve: you’re probably not going to be happier if you start counting up how many times you laughed or smiled in a day, for example. We are encouraged more and more to track our lives like science projects, but – especially for minds that tend towards the obsessive – this risks doing more harm than good. It’s the mindset of the person who is so busy taking snaps of a social gathering or a brilliant meal that they forget simply to enjoy the moment. And even if all this memory clutching and data gathering doesn’t stop you from having fun, it may not actually reveal that much. As Albert Einstein said, in one of his lectures on geometry (and one of my favourite scientific quotes): ‘As far as the laws of mathematics refer to reality, they are not certain; and as far as they are certain, they do not refer to reality.’ It’s a good reminder that there are both limits and costs to quantification, and as much as I live for the feeling of closure and clarity, I have to remind myself that exactness doesn’t completely map onto trueness. Always ask yourself why you are observing or measuring some part of your life: is it helping you towards a concrete goal, like building up your distances towards running a marathon, or is it just a kind of crutch or habit that you could actually do without?

It’s the same in science: in any research project, there comes a point when you need to move from looking to doing, and to use everything you have learned to build and design the solution (or part of one) for the problem you initially set out to solve. When Ramin Hasani was studying the nervous system of the nematode, he drew a line past which further observation would not have served the best interests of his project. ‘We got into the neural circuit level, and we went into the neuron and synapse level to really fundamentally figure out what the building blocks are. And you … can even go lower than that and computationally model it down to atoms. But there is actually a level that you have to satisfy yourself that you don’t want to go below, in order to … take this model and see what capabilities you have.’13

As he suggests, sometimes you have to stop observing to allow you to make progress with an inquiry. But in other contexts, patience is required. Wait long enough and evolutions in scientific capability may transform your ability to observe a problem. To take the example of cancer research, a field in which I have worked as a bioinformatician, improved technologies in areas from genomic sequencing to modelling the 3D structures of proteins are revolutionizing the scope of research. These don’t just produce more data, but layer it together in new ways to offer fresh context and perspective. Where researchers once relied exclusively on animal models, approximations and potentially unrepresentative tumour samples from biopsies, they are now able to reconstruct and study different cancers in both a more realistic and a more dynamic way: turning what were effectively grainy snapshots into a much more complete and lifelike picture that can be studied from all angles. ‘There’s been a lot of time in cancer research where people have worked on mouse models,’ Professor Frances Balkwill, lead researcher on the CanBuild project into tumour microenvironments (the complex of cells and structures in the body that surrounds a tumour), has suggested. ‘One of the mottos of my lab is that if you’re a human being with a mouse cancer, we can help you.’14

Her research programme originated, like so many, with the observation of a clinical problem that was equal parts perplexing and intriguing. As she told me: ‘The aim of the grant is to increase survival of women with high-grade serious ovarian cancer. That is an interesting scientific problem, because a majority of these women respond to chemotherapy very well and seem to be cured, and then they relapse. What we and others know is that the chemotherapy stimulates the tumour micro-environment, stimulates some sort of immune reaction, but it’s never good enough to last.’15 This clinical observation helped to reinforce another – that the prevailing methods of studying such tumours were insufficient for the level of understanding needed. Tumours were so frequently relapsing or resisting treatment over the long term that the scientific understanding of them must be missing something. Moreover, advances in tissue engineering meant that it was becoming possible to move beyond a status quo in which cancer cells were studied as static entities, in isolation and out of context. ‘What we routinely have done for many, many years, and deep inside me I have always felt was wrong, [is] we’ve grown our cancer cells on basically a special type of plastic. But the body is not plastic,’ Professor Balkwill said at the outset of the project in 2013. The goal of CanBuild, as she defined it, was much more ambitious: ‘To reconstruct a human tumour that would grow and evolve as a human tumour might in the body.’16 In other words, the project would equip cancer researchers with a new way to observe and study the problem.

The research she has led at Barts Cancer Institute has done much to overcome old limitations. CanBuild has focused on studying not just ovarian cancer cells in isolation, but what is known as the tumour microenvironment (TME) – everything that surrounds the tumour and which it can over the course of its growth corrupt, including the cells that comprise the body’s vascular, nervous and immune systems – essentially the context in which the tumour lives and grows, and off which it feeds. These constituents of a healthily functioning human body have tended not to be the focus of cancer research, even though they can make up a significant part of a developed tumour: from half its mass to up to 80 per cent in the case of pancreatic cancer.17 It is the body’s infrastructure that cancer cells hijack for the purpose of their growth; a process that is as important to understand as the nature of the malignant cells themselves. While much of our propensity to particular types of cancer is genetic, the body itself also plays a significant role in determining the level of risk. As Professor Balkwill has suggested: ‘The genetic damage is the match that lights the fire, but the tumour microenvironment is the fuel that fans the flames.’18

Over the last decade, her project has both achieved its proximate goal of re-creating the tumour microenvironment, and gone a long way towards identifying patterns of interactions between cancer cells and the TME which could be the basis for future treatments. Improving technology has enabled CanBuild to deconstruct tumour samples taken from patient biopsies and reconstruct them, piece by piece. It first grew artificial cells that replicated the omentum (fatty cells of the ovary) in which these tumours typically develop, before adding the cancer cells themselves (harvested from real tumours) to observe how they grew and interacted with this simulation of their microenvironment. Think of it like SimCity for cancer research. From that painstaking, ground-up process of deconstruction and reconstruction, creating mini-tumours in petri dishes, a number of significant discoveries have followed. One was that platelets (the blood cells that perform a clotting function to prevent excess bleeding) play an important role in helping cancer cells to spread, by breaking down the protective layer of mesothelial cells around the surrounding body tissue. Another was to isolate a part of the body’s immune system, a cytokine (protein produced by immune cells) known as TGFβ, as one of the key enablers for cancer cells.19

These might sound like relatively small details, but they are critical insights for researchers who are looking for new ways to target and treat cancers that have proven stubbornly resilient in the face of current medicine. Any tumour is the product of a multiplicity of cell structures, molecules and chemical messengers, enabling and facilitating the growth of cancer cells through previously healthy parts of the body’s main organs. Like a game of Jenga, one goal of cancer research is to establish which of these bricks, if removed, could bring the entire edifice crumbling down. Or, in other words, where treatments could most effectively be targeted to prevent such tumours from taking hold and metastasizing in the first place. The better we understand the biological behaviour that underpins different types of cancer evolution, the more effectively we can ultimately develop countermeasures that are individually tailored to their growth patterns and most dangerous bodily enablers.

Which brings us back to the importance of observation – not just what is observed but how. The real terror of cancer is how dynamic an entity it is, one that can grow through our bodies with devastating speed as it co-opts and corrupts the very systems that work to keep us alive in the first place. The beauty of a project such as CanBuild is that it takes an equally dynamic approach to observing the behaviour of tumours. By re-creating the best lab-grown proxy of an actual tumour that has yet been achieved, it allows researchers to throw all the data-science capabilities of modern computing not at a still image but at a moving picture – one with texture and dimensionality, and from which some of the more subtle behaviours and characteristics of the tumour can be deduced. A dynamic approach to observing dynamic systems is already taking us closer to answering the perennial question of how the body can be set up to fight one of its most deadly assailants.

In parallel, such advances are also a sobering reminder of how much we do not know, even about a subject that has been as extensively researched as cancer. The better our tools become, the more clearly we can see what we have been trying to observe, and the more new avenues of research and debate open up in front of us. As one scientist I interviewed for this book put it, the research process can be likened to stumbling about in an unlit room looking for the door, which you finally locate only to find yourself in another, bigger, even darker room. Both the frustration and the fascination of the job for any scientist is that your ability to provide one answer invariably creates two or three new questions in turn. The better and more accurately we are able to observe something, the more it demands to be studied in new and different lights.

Whether we realize it or not, we are spending our whole lives observing and taking in the world around us, be it a smoky city or a sleepy village. Like the neural network that has been trained with vast databases of information, our brains use our aggregated experiences to process everything we see, hear, smell, touch and taste – flashing instant messages to the toe that needs to be removed from too-hot bathwater, or the frontal lobe where decisions are made about when to investigate an unusual smell or move away from a potentially dangerous situation. These subconscious, effectively automatic observations and decisions are happening in parallel with those we notice ourselves seeing, like whether a colleague has a new haircut or the orchid in your kitchen has started to flower (or in my case to wilt from over-watering). Sometimes, the decisions we think we are making consciously have already happened in the subconscious realm by the time we catch up with them. Researchers at Princeton in 2006 found that subjects who were given only a tenth of a second to judge someone from their facial expression reached similar conclusions as those who had unlimited time – especially when it came to deciding about their trustworthiness.20 I often use this flashcard method when I want to tune in to my gut feeling at a given moment, where I ask myself: ‘What is my environment telling me and how do I feel about it?’ in no more than ten seconds.

We might not all be scientists, but we can easily be more scientific in how we observe and navigate the world around us. That starts with being a critical observer of yourself, recognizing what you tend to pay attention to and why. Like a scientific experiment that is based on bad data or skewed parameters, we are going to get a limited perspective if we only trust news articles from sources to which we are politically aligned, or take feedback at work seriously only from people we like. We need to recognize that we are never observing anything with truly fresh eyes or free from a boatload of preconceptions, expectations, hopes and frustrations. The space between observation and decision making is often so small as to hardly exist at all. We have, in effect, decided before we’ve really had the chance to observe and think.

The lesson from science is not to try and rid ourselves of these preconceptions, but to adjust for them. We are immutably the people and personalities that our unique experience of life has formed. But that does not mean we have to be close-minded and unwilling to consider alternative explanations to the one we already had in mind. Once in a while, the outcome you had discounted as an impossibility is actually going to happen, and the dead cert won’t come to pass. Occasionally, whether you like it or not, the worst person you know really is going to make a good point.

Good researchers are prepared to walk this line between fixity and flexibility. They neither start with an empty mind, willing to be taken wherever the observation directs them, nor do they stop allowing that they may yet be proven either wrong or misguided. As we will explore in the next chapter, sometimes the most worthwhile experiments emerge from studies that began with a different objective or were focused on another side of the same problem. The thing you initially thought was interesting might prove to be a dead end (like a crush that quickly fizzles out), but one of the by-products of that research could be a goldmine of further work and future discovery: when we learn about the people who aren’t good for us, it helps with finding those who really are. It is a confident open-mindedness, steering in a certain direction while being willing to change course when needed, that stands the best chance of taking you somewhere interesting. We need, like the liquid algorithm, to be fluid. This means you benefit from the power of observation without being overwhelmed by the breadth of possibilities that an entirely open mind would entail, yet being mindful of how much attention we are giving to a certain decision.

Scientists show us the power of observation that is directive without being prescriptive. They also remind us that we need to be honest with ourselves about what we are observing, and wherever possible to see things in their proper context. As the CanBuild programme has demonstrated, there is a world of difference between looking at a cancer cell in isolation and studying the entire tumour microenvironment – observing not just the relevant cell structures as static entities in isolation, but how they interact and behave in
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