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DD: Hi. Thanks so much for joining us today at the Cheltenham Science Festival @ Home, in 

association with EDF Energy. My name is Daniel Davis, I’m a Professor in immunology at the 

University of Manchester, I’ve written two books about the immune system, most recently The 

Beautiful Cure. I’m delighted to be working with Cheltenham Festivals, a not for profit charity. We’re 

here to inspire the next generation of doctors, scientists, researchers. You can support their work at 

crowdfunder.co.uk/cheltscifest@home.  

Most importantly, we’re here today with Matthew Cobb. Matthew is a Professor of Zoology at the 

University of Manchester, and I think we can safely say that his career has been somewhat unusual. 

He studied psychology first at Sheffield University, and then earned a PhD also in Sheffield, studying 

how genes affect the behaviour of fruit flies. As a postdoc researcher in London he switched to 

studying people, and he specifically looked at twins, trying to understand the extent to which genes 

affect the consequences of drinking alcohol. He then went to France in 1984 and stayed there for 

about 18 years, where he began to study a fly’s sense of smell. In 2002 he returned to the UK, to 

Manchester University specifically, and he’s been there ever since.  

I’m at Manchester University myself, so I know that this is not just gratuitous, Matthew Cobb is a 

really well respected and much-loved member of the community. He’s a really great teacher and 

he’s known around the university as an all-round champion of all exciting things in biology. He’s 

actually done a huge amount of work also for the public discussion of biology, quite a lot of it behind 

the scenes. He’s a major contributor to the programmes that Brian Cox presents, when they’re 

about biology especially, and he collaborated with David Attenborough on the new edition of his 

seminal book, Life on Earth. Matthew has done countless radio programmes, podcasts, festival talks, 

everything. He’s published six books, his last one, Life’s Greatest Secret, was about how genes code 

for proteins, it was shortlisted for the Royal Society Prize. Quite amazingly, he’s also written two 

history books about wartime France, and they were just as well received as his science books.  

Today, we’re here to celebrate his very recent new book, The Idea of the Brain. The Times called it 

‘really sweeping, electrifying’, The Wall Street Journal said it’s ‘engrossing’. Henry Marsh said, 

‘Anybody who wants to understand the depth of our understanding of our brain and even our deep 

ignorance, I cannot recommend it highly enough.’ This is a book about how the mind works, what we 

know, how we know it, and what we don’t know.  

Let me just remind you that while I’m going to talk to Matthew Cobb about the book, there’s going 

to be a live chat underneath this video. This is a pre-recorded discussion, but right now, live, 

Matthew is there and you can ask him other questions.  

Matthew, you’ve written about a lot of different topics. Why now was it the right time for you to 

write about the brain? 

MC: It wasn’t my idea, I can’t really remember, I think it was my editor’s idea. He just suggested a big 

topic and I thought, ‘Alright, why not?’. What I wanted to write, what I intended to write, isn’t what I 

did write. Part of the magic of writing books is that you have this very clear plan, which you convince 
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the publisher to buy the book on, and they’re very happy with it and you’re very happy with it, and 

then you start writing it and, as military people say, no plan survives first engagement with the 

enemy. Very rapidly, the book changed and morphed, and I ended up about halfway through 

realising that I needed to concentrate much more, not simply on one damn thing after another, but 

on a theme which turned out to be the ways in which people have thought about the brain, the idea 

of the brain. The title, which wasn’t mine, came along at the very last moment, it came along about 

a month before we finally completed it and the American editor came up with the title. That 

absolutely encapsulates what it’s about, the idea of the brain. 

DD: That’s brilliant. As you say, it’s really about the ways in which we understand what the brain is. 

You have it in these three sections, we start with the history, then you go to now, then you look at 

the future. Your book does begin with history, and actually, one of the really surprising things was 

only really relatively recently we even thought that our brain was the centre of our thoughts and 

feelings. How did we get to that point? At one point we thought it was to do with our heart, how did 

we get to the point that our brain is the centre of our thoughts and feelings? 

MC:  I think most people would probably imagine that something as decisive as that, there must 

have been a key experiment, there must have been an apple that fell from the tree and that 

convinced everybody. Not at all, there was no single moment, there was no great experiment, there 

was no great insight. Experiments had been done at the beginning of the common era by Galen, the 

Roman physician and philosopher, and he’d done some experiments which proved fairly conclusively 

that the brain in an animal controlled movement and voice production, rather than the heart.  

Even though there was that evidence, that didn’t actually change what people thought, because 

your actual everyday experience, you don’t feel you’re in your head. Maybe your sight, but you feel, 

you’re in your heart, you’re in your guts, and all those words we have like, ‘I feel down at heart,’ or, 

‘he wears his heart on his sleeve,’ or, ‘you feel it in your guts,’ they all tell you that everyday 

experience is about you being in a body. You’re not just this mind floating about in your head. 

There’s this tension between limited experimental evidence, growing anatomical evidence of the 

complexity of the brain and the relative simplicity of the heart, which kind of suggests that the brain 

is a bit more important. Plus, it’s connected to the eyes and the ears and all the rest of the things 

that go in and the way that behaviour comes out. It still didn’t necessarily convince people, and 

there’s this very nice bit in Shakespeare’s Twelfth Night, where one of the songs goes, ‘tell me, 

where is fancy bred, is it in the heart or in the head?’. That’s in 1598 or something, and Shakespeare 

was locking onto a dispute that was going on amongst physicians and philosophers at the time.  

It was just a slow accumulation of evidence that it clearly wasn’t the heart, because the heart is a 

pump, as they said at the beginning of the 17th century. Gradually, by the 18th century, then, all 

learned people were fairly convinced that it was the brain, simply because it’s more complicated, 

and you damage the brain and you damage the mind. On the other hand, most ordinary people, I 

guess, just carried on the way it feels normally, that it’s in your heart and your body, you’re not up 

here. 

DD:  It’s quite interesting actually, one of the things that comes through across the whole book is the 

way that brain science has been done. As you’ll know, there is this famous Thomas Kuhn book, The 

Structure of Scientific Revolutions, where there will be a Eureka moment that gives us an 

illuminating-, and it isn’t quite like that, is it? Like you just depicted, ideas have emerged, and 

themes have gone on throughout. Do you think brain science is a different kind of science to other 

realms of endeavour? 



MC:  No, I think it’s partly what you’re referring to, Thomas Kuhn’s idea of paradigm shifts, and so 

you move from a world in which the earth is the centre of the universe to a world view in which it’s 

the sun that’s the centre of the universe, and then ultimately, not even the sun. Whilst you can point 

there to single experiments-, in fact, if you think about it, does the earth really go around the sun? 

That’s not the way it looks. There is a reason why it took us a long time to figure it out, because 

there is a difference between the observations you can make and everyday experience. I think on 

the one hand, there is a bit of a caricature about how even physics works, but biology in general, the 

big moments, you could argue that the publication of Darwin’s On the Origin of Species, that marked 

a shift, but it wasn’t instantaneous. Lots of people, they still don’t necessarily agree with it, despite 

the massive evidence. All scientists do, but the general public, in some parts of the world, are very 

hostile to it. 

You’ve got this, in general, science doesn’t work quite as abruptly as people think. Partly, you need 

to wait for all the old people to die and then the new guard can take over with the new, exciting 

ideas. In the case of the brain, what’s really happened is that there has been this slow shift, it has 

been accompanied, or even driven by, developments in technology. That’s what I really realised in 

the book, in the writing, that it was, to be technical, the metaphors, the analogies that people are 

using about the brain, that are saying, ‘the brain is like a mechanical device,’ or, ‘it’s like a telephone 

exchange.’ Or, now, ‘it’s like a computer.’ That shapes each kind of phase in the history of our 

understanding, and also, therefore, tells us about what might happen in the future. 

DD:  That’s a really interesting thing that runs through the whole book, how the metaphor for what 

the brain is has changed over time. When you’re looking at the historical, going back many, many 

decades, did you find it hard to put yourself in that environment that made those ideas make sense? 

As you say, we can’t look at them and say, ‘that was a crazy idea, that’s so silly, how could they 

possibly have thought like that?’ Obviously at the time, as you’ve said before, they were just as 

clever as we are, they must have really thought deeply that was the right thing. Do you find it hard 

to do that? You’re kind of a historian as well as a scientist, so I suppose you’re used to thinking like 

that, are you? 

MC:  I think that’s part of the trick. This was a bit more difficult with this book, because I know how it 

ends. In the case of my last book, Life’s Greatest Secrets, there were moments where I was reading 

stuff and I didn’t know whether it was right or wrong, because I was reading stuff about bacterial 

genetics that I’ve got absolutely no idea about. I was completely naïve. In this case, I generally knew 

whether people were ‘right’ or ‘wrong’, whether they’re now considered to be right. Not laughing at 

past ideas is sometimes quite hard, because they sometimes are very funny. As long as you can 

laugh and then move on and think, ‘well actually, this idea had its time, and it was an end in itself.’ 

Part of the problem with, especially the way that the history of science is popularly presented, is that 

the only virtue of past ideas is as a staging post to our current brilliant understanding. In reality, of 

course, those past ideas were the end point. Everybody thought, ‘This is amazing, this is brilliant, 

what an astonishing theory, or conception, or viewpoint, or experimental result.’ Trying to put 

yourself in the shoes of those past thinkers, and if they said anything funny then yes, I’m always 

good for a cheap laugh so I’ll chuck that in, but at the same time not ridiculing them and trying to be 

balanced about the insights that they gained, even when they’re wrong.  

That’s often what’s the case, is that mistaken ideas, even profoundly erroneous ideas have 

nonetheless had some kind of influence and input and insight, which have later on been built into 

our current conceptions.  



DD:  I guess you came across some pretty wild ideas. Was there one segment of the book you want 

to read? 

MC: Yes, one of the people that I encountered, I had no idea, I’d never heard of this chap 

beforehand, is a man called Alfred Smee, and Smee was an inventor, and he worked for the Bank of 

England. He came up with the idea of making a machine that could think. He’s after Babbage and the 

pioneer computer technicians who were thinking about making a calculating device. Smee wasn’t 

interested in that, he was interested in something much more complicated. He thought that you 

could actually build something out of brass, although he thought that the brain worked by 

electricity, these were all made out of brass components that you could then build into a machine 

that would ultimately be able to think. 

He did worry about quite how big this would be. ‘When the vast extent of a machine, sufficiently 

large to include all words and sequences is considered,’ because he believed that each of these 

components would represent an idea or word, ‘we at once observe the absolute impossibility of 

forming one for practical purposes, in as much as it would cover an area exceeding, probably, all 

London, and the very attempt to move its respective parts upon each other would inevitably cause 

its own destruction.’ He’s got this idea that he can build this brain, and then he thinks, ‘Well actually, 

it would be very, very big, it will blow up, we can’t quite do it.’ So, he builds tiny little devices and he 

says, ‘I have one in front of me.’ You look at the diagram that he has of how this thing is supposed to 

represent an idea, and it’s absolutely opaque, it’s completely obscure. I’ve spent hours poring over 

these diagrams, reproduced them in the book. If any viewers have a look at it and think, ‘Ah, I can 

work out how it works,’ then build one, and we’ll see what we can do with it.  

I just thought the audacity of this man, who is working for the Bank of England, inventing new 

batteries and new indelible ink for bank notes, came up with the idea of actually making a 

mechanical brain in a way that the people we generally celebrate, like Babbage, did not. He was 

much more audacious, but equally his fall, his inability to achieve that aim, was quite dramatic. 

DD:  That’s pretty amazing Matthew. We’ve got all these wacky ideas that, as you say, we’ve got to 

look at them in the right context. Obviously a really crucial step forward was thinking that the brain 

was something to do with electricity. How did that come about? 

MC:  People noticed from the middle of the 18th century, Europeans started noticing in particular, 

that there were various fish which could give you a nasty electric shock. These were things like the 

electric eel in Amazonia, it’s not actually an eel, but it’s a fish that will give you a shock, and there’s 

something called a torpedo, which is a tiny little fish you can get in the Mediterranean, which again, 

will give you a shock. People previously thought that it was some fast movement of the fish, it was 

kind of hitting you. If you’ve ever felt a cattle fence, it feels like somebody has kicked you up the 

bum, it’s not like a shock in that way, it’s physical.  

Eventually it was realised that this shock that was produced by these animals was the same as the 

electricity which were either somebody like Franklin was capturing using his kite and a key very, very 

boldly. You could even store this energy, this electricity, in jars. They’re called Leyden jars, and it was 

a very primitive battery, but it would only work by a single discharge. Somebody, for example, got a 

load of monks, they got 400 monks to hold hands, and then shocked at one end and, of course, all 

the monks, all 400 of them, jumped up and down as the shock zipped along them.  

The key breakthrough came-, I mean, it’s a fascinating piece of science history that I had no idea 

about, so I’m completely ignorant about physics and batteries and all that, but the battery came 

about because there was this big argument between Volta and Galvani about whether animals had 



electricity in them. Galvani said yes they did, and Volta said no they don’t, but then he started 

looking at the organ of the torpedo and of the electric eel to see what it was like, this organ that 

seemed to produce this electric shock. He noticed it had this layered structure. He decided to mimic 

this, a bit of biomimicry. He sets up a pile of different metals with cardboard in between and then 

puts acid on top of them, and hey presto he’s got a battery. Or, as they call it at the time, a ‘pile’. 

That word is still used in French for battery, pile, and we still use it, bizarrely, for atomic reactors, we 

talk about the atomic pile. We don’t talk about the atomic battery.  

The ability to actually, then, produce constant electric shocks, rather than just one-offs, that’s what 

gave rise to the very famous experiments which eventually inspired, almost certainly, Mary Godwin, 

who ended up being Mary Shelley, and wrote Frankenstein, in which, actually, not defined powers 

are used to reanimate a body. If you connect a dead body of an animal, or even more gruesomely, of 

a person, to one of these powerful batteries, then the body will start showing spasmodic 

movements. The eyes will roll, the teeth will grind, and that works on a dead person, as well. 

DD:  That’s pretty amazing. There’s a long way to go in reprieving batteries, as we all know. Another 

thing you just touched on there was how the idea of the brain, or of life in general, infiltrate into 

culture, through science fiction, Frankenstein. Is that something that happens quite a lot? As we shift 

our views of the brain, does that filter through into culture in general, do you feel? 

MC:  It is, for example, one of the bad ideas that I talked about earlier on was phrenology. This is the 

idea that came about at the end of the 18th century, and it’s the idea that by feeling the lumps on 

your head, on your bony skull, you can feel the shape of the brain, and that tells you something 

about somebody’s personality. That’s just completely wrong. It’s wrong because your skull is very 

thick, and the lumps on your skull don’t conform to the shape of your brain, you can’t feel the shape 

of your brain, so it’s a complete non-starter. That idea, which was very significant, because it 

suggested that there was localisation of function in different parts of the brain, and is also very 

materialist because it says, ‘You are just your brain,’ that idea really takes over Victorian culture all 

over the world. Novelists, in particular, used it, even quite late on, the idea, kind of, faded away in 

the middle of the century. When Sherlock Holmes first meets Moriarty, Moriarty makes this very 

sneering remark about him on the basis of the shape of his head. He’s using phrenology to say what 

a fool Sherlock Holmes is. That’s 1880s, something like that. All of the major 19th century writers, at 

some point of another, use phrenology in their writing. 

Dickens, on the other hand, wasn’t entirely convinced. Magwitch, the criminal, says something like, 

‘they measured my head, they better have measured my stomach.’ Dickens clearly thought that, 

really, what was motivating people was hunger, rather than something going on in their heads. 

DD:  Excellent. Also, now we’ve learnt that you can also double up as an actor!  That is actually really 

fascinating, how these things that come from a sort of science, maybe not in phrenology, do 

infiltrate into so many aspects of culture. There is a scientific validity, as you say, to the idea that 

parts of the brain are doing certain aspects, even though it’s so interconnected. Where did that 

come from, when did that become on a more strong scientific footing, then? 

MC:  The key event was when a chap called Broca, in France-, France was a country that was 

absolutely convinced, because Descartes argued that thought was unitary, from a philosophical 

point of view, therefore the brain had to be unitary as well. Therefore, the French intellectual elite 

were completely opposed to phrenology, even though it was very popular amongst ordinary people, 

in the same way as astrology might be, or might have been at the beginning of the 20th century. 

Broca was absolutely convinced that the brain had no internal differentiation, and that it produced 

mind in some unknown way. Through an autopsy he carried out on a man in the hospital where he 



worked, he had managed to have a stroke and could only say one word, which was his attempt to 

say his name, he could say, ‘Tan,’ over and over again. Broca noticed that he had a terrible lesion in a 

particular part of his brain, the left forefront area. He then carried out various other autopsies on 

people with similar problems with speech production, and he noted that they, too, had this same 

defect. 

Initially he was extremely alarmed, he said, ‘This is just a coincidence,’ because the conservative pull 

of this assumption that there was no differentiation in the brain, there was no localisation of 

function, really he didn’t like that idea at all. However, eventually, after he found about 15 or 20 of 

these cases, he had to accept that speech production is produced by the left side of the brain. It was 

worrying for two reasons. First, because there was localisation of function, which he didn’t like, but 

secondly, it means our brains aren’t functionally symmetrical, and he really didn’t like that. Partly 

because the French had this law that had been propounded at the beginning of the 19th century all 

of the brain and, indeed, all organs, are symmetrical, which isn’t actually true, because you’ve only 

got one heart and one liver, so it didn’t quite make sense. They were convinced that this must be 

true of the brain. Broca clearly showed that speech is based on the left-hand side of the brain.  

There were various other developments that took place, in particular the most significant ones were 

then showing that motor control, the way you can move your body, is based in certain areas of the 

outside of the brain, of the cortex. This was very significant because it was done using electrodes. In 

fact, using batteries invented by Smee. These very delicate electrodes, you could put them into a 

dog’s brain, and you would then, by stimulating certain parts of the cortex, the outside layer of the 

brain, the dog would scratch, and so on. I describe an absolutely horrendous experiment that was 

done on a young woman called Mary Rafferty, who died shortly afterwards, who had this terrible 

lesion on her scalp, and an American surgeon tried doing this on her. It certainly produced results, in 

that she would wave her arms about, but it’s a moment of medical history which is really quite 

terrifying to read about. He was excoriated even at the time as, you know, you shouldn’t be doing 

experiments on human beings, and especially not an experiment like that.  

By the middle of the 1870s, people were convinced now that there was localisation of function in 

key bits of the brain. This then enabled them to go back and reinterpret various other studies that 

had come about in the past, and to be fairly confident that bits of the brain seemed to be doing 

different things. Quite how exact that is turns out to be rather more complicated, even in the case of 

speech, which is something that I think most people are very confident with. There was an article in 

New Scientist about a month ago of a young girl who is about to go to university in the UK. She had 

terrible problems with her brain and epilepsy, really awful, when she was young. They removed the 

left side of her brain completely, so she’s only got half a brain. All those areas that everybody says 

you need to be able to have speech were taken away. She’s going to university, she can speak 

absolutely normally. This plasticity in the way that the brain functions, you can overcome absolutely 

devastating damage to the brain, in particular if you’re very young. That suggests there is some kind 

of inner developmental logic taking place in ways that we don’t understand in the brain.  

This accounts for some of the very odd results you sometimes hear about people recovering from 

stroke, or other brain injuries. I think that is very, very striking, because it shows that other parts of 

the brain can substitute for something that we normally think is-, the thing most scientists will be 

absolutely confident about saying, ‘you speak using Broca’s area,’ as it’s known. She doesn’t, she 

hasn’t got one. 

DD:  That’s quite an amazing bit of information there, Matthew. If there is that enormous plasticity, 

is it still true, though, that roughly speaking, the areas that do this or that in your brain and my brain 



would be roughly similar? Actually, hold that thought just for a moment because we’ve got to move 

up to the present, otherwise I’m going to spend all the time in history. We obviously have a much 

more detailed way of looking at that now with fMRI scans and things, people are doing tasks while 

having their brain scanned, then we get somewhat of a finer resolution as to what bits of the brain 

are doing. What have we learnt from that? Not a lot, are you going to say? 

MC:  It’s very hard. I’m not an expert in any of the areas that I write about in the book, in that what I 

do, the sense of smell, I ended up not writing about. The area I would be most confident about 

handing out brickbats and medals and saying, ‘this is right,’ and, ‘this is wrong,’ aren’t dealt with in 

the book. In general, I’ve been careful, I certainly don’t want to dismiss anybody’s work, or to tread 

on too many toes, but what’s clear is there is a difference between the way that things are 

presented and the general public think that things work, compared to the way that scientists work. 

fMRI, so this is this technique you use for showing bits of the brain ‘lighting up’, as it’s generally 

called, but just so we’re clear, no part of the brain lights up, what that’s saying is there is blood flow 

in this area, so this particular part of the brain is more active. That has led to some insights.  

So, for example, there are parts of the brain in primates, including humans, that are involved in 

processing faces. Faces are clearly very, very important for social contact. That part of the brain, 

which people have been able to record from using electrodes from single cells and show quite 

remarkable degrees of precision of the ability of some cells to recognise some faces, that area was 

identified using fMRI. The people with the electrodes were inspired by the people with the fMRI. I 

just want to read out something. The amazing density of the brain, and the relative crudity of the 

fMRI scanner method. I’m just going to read out a quote from somebody who used to work at 

Manchester actually, Nikos Logothetis, he’s a big fMRI researcher. In 2008, this is ten years ago, so 

the technique is a little bit more refined, but not massively, he estimated that in each pixel of one of 

those images of a human brain, so the tiniest degree of resolution, there are 5.5 million neurons, so 

cells, between 2.2-5.5x 10 to the 10 synapses, 22 kms of dendrites, so that’s the output part of a 

neuron, and 220 km of input parts of a neuron. That tells you quite how incredibly dense it can be in 

those areas. It is absolutely remarkable. 

For somebody like me, who works on cells, the resolution of an fMRI scanner is just laughable, it 

can’t tell me anything of any meaning. Above all, any view about what the brain is doing, 

computations that we think it’s doing, is going to have to involve cells turning other cells on, so 

activitating them, but also turning them off. Inhibition is really important in the brain, and fMRI 

doesn’t tell you that. It can’t tell you what’s happening in that little square, those 220km of axons, it 

can only tell you there is something happening there. I think clinically, it’s an incredibly important 

tool, that’s absolutely clear. In terms of knowing what part of your brain is doing what, that’s a bit 

trickier, I think, certainly in terms of the resolution we need for understanding, really, what’s going 

on, and being able to make predictions about how these circuits are working, it’s simply too crude. 

DD:  That’s pretty clear. Those numbers are quite phenomenal, aren’t they? It is amazing. 

MC:  Yes, there’s a footnote that says ‘this is true, I checked it’. When I was reading the proofs, even, 

I thought, ‘that can’t be right, I’ve got to go back,’ but it’s true. It’s incredibly dense. What we now 

know from even studies of the mouse, bits of the mouse brain we’ve got a fairly good idea of where 

things are, we now found that areas that are thought to be carrying out a function are connected to 

other areas. Even very simple parts we could be quite confident about, like the sense of smell, which 

is one of the first areas of the brain, deep down in the brain, that detects outside stimuli, there are 

neurons coming in from the other areas of the brain, other sensory areas, which change our 

perception even before we’re aware of it. In the cat’s brain, in the visual centres of its brain, there 



are neurons coming from its auditory areas. If you think about that, that makes perfect sense, 

because a cat wants to see something but it also wants to hear a rustle in the leaves. At the very 

earliest stages of processing, the different sensory modalities are connected and intertwined in a 

way that simply saying, ‘this is visual cortex, this is auditory cortex,’ is not quite rich enough to 

capture.  

DD:  Given that enormous complexity, we’re some way off from being able to even begin to know 

what to do about it, what about the very simple neuronal circuits? Your own research has been in 

maggots, but I know also you’ve thought about what’s happening in other animals. What have we 

got from that? Has that opened up ideas? 

MC:  It’s opened up a challenge. I’ve got to be very careful here, because I hope the book is very 

exciting, and there is lots of right up-to-date, I think we just managed to squeeze a 2020 reference 

into the book, there is lots of material from the late part of 2019. For example, showing that by 

altering the activity of a single cell in a mouse’s brain, you can now make the mouse remember 

something that never happened. The mouse now things that a particular corner of its cage, 

something nasty happened there, it doesn’t want to go there, or something nice happened there. 

You can change a nice memory into a nasty memory, and vice versa, in a mouse. You can eradicate a 

memory completely, this is the stuff of Philip K. Dick’s science fiction novels, which have all been 

turned into films. The ability to manipulate the brain is absolutely extraordinary. 

There is that excitement on the one hand, but then you have to temper that with what’s the overall 

understanding. What I use repeatedly in the book and in the various talks I’ve been doing to 

highlight this, is the work of Eve Marder. Eve Marder is a neuroscientist from Brandeis University in 

Boston, and she spent 30 years studying a lobster’s stomach. Not its brain, but its stomach. The 

lobster’s stomach has got about 30 neurons in it. These neurons, she knows exactly how they’re 

connected, and they enable the lobster stomach to produce a rhythmic grinding action. Despite all 

her knowledge, despite all her work, she can’t predict what will happen to the activity of that 

network if she removes a single cell. If she alters the activity of even one cell, and she can model that 

in her computer, she can’t accurately predict what will happen in the real thing. There is a gap, 

structure does not lead directly to function. She’s shown you can get the same rhythm from lots of 

different neuronal structures, and the same neuronal structures can produce lots of rhythms. Why 

the lobster’s stomach, how the lobster’s stomach, produces these rhythms is still something that’s 

beyond her. 

For me, that’s the challenge, that’s the brutal fact that claims of understanding the brain have to 

cope with. That we still don’t understand something as simple as that. 

DD:  That’s pretty phenomenal. How do you square that? We can’t understand that, and yet we 

could delete the memory of a mouse at the same time.  

MC:  It’s a different level of explanation manipulation. What they’re able to do is, they’ve identified 

cells that are functioning when the mouse sees a particular image and gets some sugar, and then 

they can manipulate that and the immediately surrounding network, and it changes the behaviour of 

the mouse. What we can’t do is then really identify how those networks are connected together to 

produce the mouse’s overall perception, its overall activity, and so on.  

DD:  I see. Right on the cutting-edge, there are big investments, huge brain projects, to try to map a 

fragment of a brain, looking at the position of every synapse in a crumb of a brain. In your opinion, is 

that the right approach? You said that structure can’t lead to function, but is the structure at least 

the beginning of what we need? 



MC:  Yes, absolutely. One of the things that surprised me in the book, there were lots of things that 

surprised me in writing them, but I knew that Francis Crick, who co-discovered the double helix, I 

knew that in the mid-1970s he’d given up molecular biology and he’d gone off to study 

neuroscience. That was what I’d learnt as a student, and ho-ho, he was going to crack consciousness. 

Spoiler: he didn’t. What I didn’t realise was quite how significant he was in virtually the whole of 

neuroscience in the last 40 years, including in the current wave of what are called connectomes, to 

understand the wiring of bits of the brain. That all comes back to Crick, who in the late 1970s, early 

1980s, wrote a very cross article in Nature saying, ‘why don’t we have such a thing? This is 

outrageous. To understand, to have a framework of being able to put these function studies in, we 

need to know how the brain is organised.’  

He was basically the inspiration for so much, not only connectomes and studies of consciousness and 

so on, but that argument, that we need a map-, I sometimes get a bit cross about some of the vast 

sums of money that are spent on it when the promises are unlikely to be fulfilled. I think having fine-

scale maps is essential. The key thing you need to remember is, as a pioneer neuroscientist put it, 

where is not how. Just because you know where something is happening, or where a set of 

structures are connected, that doesn’t necessarily mean to say you know how. Part of the way that, 

in particular, my colleagues in the maggot world, because there is such a thing, have gone about this, 

is the map that they are making of a maggot brain, just one, they’ve got one maggot that they’ve 

sliced up. They are making a map of its 10,000 or so neurons, but those neurons are identified and 

can be manipulated. In other maggots, where you can find the same neuron, you can then not only 

say, ‘ok, this particular neuron here, which is connected to two others, but if we change its activity it 

does this and the maggot changes its behaviour in this way.’ These are functional maps, they’re not 

simply describing connections, but they’re enabling you to manipulate them in some particular way. 

I think that in particular, small brains, obviously because that’s what I’m interested in, but I think 

that they are tractable. The problem with the mouse’s brain is that it’s only 70 million neurons. Only. 

That’s just the neurons. You’ve got to remember, there are loads of other cells in the mouse’s brain, 

and the idea of modelling them in a computer-, so there’s a big EU project which is modelling, in 

fact, a tiny slither of the part of the rat’s brain that controls its whisker movement, and this is the 

biggest scientific project the EU has ever funded, it’s absolutely vast. It’s completely on its own, it’s 

like science fiction, brain in a vat. There are no other cells around this, there are just neurons, and 

it’s not connected to the outside world. Whereas brains, as we started off saying, we know from our 

everyday experience, they’re in a body. Being in a body is essential for perception, for emotion, for 

all the things that all animals feel and make them do particular things, you need to have those inputs 

from outside the brain, whether they’re from inside your body or from the outside world.  

If I was in charge of all the money, if I’d got the job as head of UKRI, which I didn’t, then I would be  

pouring money into, obviously, Covid research, but also into the study of small brains, because I 

think not only can they provide insights, but they can also be a target for those people who are 

coming up with very fancy and, for me, incomprehensible models of consciousness, which are 

highfalutin mathematics. If they can explain a simple brain, or even a simple stomach with their 

models, then I think they will be confident that they’re on the right track. Coming up with a very high 

level explanation is unlikely, I think, to produce insight. We need to be able to understand the basics. 

  

DD:  The way that we’ve talked about it, and you just said there, we’ve got to talk about the basics, 

because we’re trying to understand how it works. I think, probably, most people would think a good 

reason for doing that would be also to help us. The obvious thing is whether or not the idea of the 



brain directly impacts how we think of mental health, or problems in the brain, or treatments of 

diseases, all sorts of diseases, from epilepsy to more mental health issues like anxiety, depression. 

How far have we got with that? We know there were pretty dramatic treatments given to people 

historically. 

MC:  Yes, absolutely. If you go on YouTube and you put ‘Parkinson’s deep brain treatment’, 

absolutely remarkable, heart-warming, tears will spring to your eyes when you see people who have 

got terrible Parkinsonian tremors, and who have an electrode planted deep into their brain and you 

turn the current on and the tremors just go. It is a complete transformation in their life. 

Understanding how the brain works and its interconnectedness and the basis of how it works has, in 

some cases, provided absolutely remarkable insights into treatment. Even something like blindness, 

so there has been a whole set of attempts to create artificial ways of stimulating the brain so that, 

literally, the blind can see. In general, they have been fairly low level, but just the other day, I was 

reading in one of the leading journals, a new approach directly stimulating the visual cortex in 

partially sighted and blind people, and helping them to enable to distinguish large letters in a way 

that wasn’t possible previously.  

That having been said, I think the most depressing part of the book, I’m afraid, is the chapter on 

mental health and brain chemistry. In the 1950s, there was this huge shift in psychiatry across the 

world as we moved away from the best guess that people had was Freudian conceptions, in 

particular in America, which are not right, let’s put it that way, with the discovery of various 

chemicals that affected the brain in very specific ways, and seemed to mimic some symptoms of 

some diseases. In particular, for example, LSD was initially discovered in 1943 and then used because 

it seemed, and similar drugs, seemed to parallel some of the symptoms of schizophrenia. It soon 

turned out that was not true, but it gave insight into, maybe, a treatment. For a brief period, we’ve 

had successful treatments, and then they generally turned out to have horrible side effects and 

we’ve fallen back.  

The greatest tragedy that we have at the moment is that we’re all convinced that the brain is this 

gland which is secreting chemicals, which it is, but the pharmaceutical industry has completely 

abandoned any attempt to create new drugs for dealing with the major problems we have, things 

like depression, anxiety. The pipeline is empty, there is nothing coming down the wire that will ever 

come to fruition. Part of the problem is, we don’t have the tools for understanding what’s going 

wrong. I think this partly goes back to our ignorance about how healthy brains of all kinds work. The 

way I’ve portrayed it is that ordinary medicine had to realise there were germs before it could break 

from stuff like bleeding, treatments that look absolutely barbaric to us now. Once they realised there 

were germs, they didn’t know about viruses, they knew you had to cover your face, you had to wash 

your hands. In terms of mental health, I think we’re probably pre-germ theory. We don’t yet 

understand what are the very basics.  

When we do, then a whole series of treatments will eventually come online. At the moment, even 

the simplest things we have, there’s  a huge row over whether the widely prescribed drugs for 

depression, whether they actually work or not. Anybody who has got anybody in their family or 

themselves who has mental health problems, will know that this is a very difficult area, they work for 

some people, not for others, and so on. I think that just underlines our profound ignorance.  

DD:  I love that analogy, that we’re still pre-germ theory in our understanding of how it works. We 

need a massive breakthrough. The last part of your book is about the future, it’s a bit shorter than 

the rest of the book, because who can predict the future. Go on then Matthew, there are several 

aspects to the future of it, I guess? 



MC:  The theme of the book is how technology, be it telephone exchanges, or telegraph wires, or 

computers, have shaped the idea of the brain. That’s the basic theme of the book. When you talk to 

scientists about this, neuroscientists, when they get it, they get really excited because they realise 

that their whole way of thinking, including the experiments they can imagine, is framed by this 

metaphor to a piece of technology. The implication therefore is, that with future technology, then 

we’ll be able to imagine new experiments, we’ll reinterpret past knowledge, and a whole new world 

will open up to us. The scientists then say to me, ‘what is it, what’s the answer, what’s the next big 

thing?’ to which I can only reply, ‘if I knew that, I’d be saying, ‘thank you,’ in Swedish and I’d be 

extremely rich.’ Neither of those things, sadly, is true, so I don’t know.  

The book ends with a piling up of all the various alternatives, not only the ones that I think are most 

likely. I don’t honestly know where we’re going, and that was what was very striking to me in doing 

the reading, was that over the last 10 years there has been a whole series of major articles in the 

leading scientific journals by leading neuroscientists, basically going, ‘look, we’ve got all these data, 

we’ve got these data from genetic data, from the connectomes studies, from biochemistry, from 

electrophysiology,’ they often call it a ‘tsunami’ of data, and yet we’ve got no way of framing it. 

We’ve got no theory that can put it all together and explain it. They’re worried about that. They’re 

happy, because they’re collecting data and an experiment will work and produce results, but how it 

all fits together is, for the moment, unclear. It may be that we need that new metaphor, that new 

breakthrough, to shape things, but I don’t think there is anything on the horizon, technologically, 

that suggests we’re there. People get very excited about all the latest computer stuff, just like when I 

was a student, they got very excited about holograms, and the brain was some kind of hologram. I 

don’t think Bitcoin is going to help us to understand how the brain works. 

DD:  If we got really futuristic though, it’s inevitable that some drugs will start to work with some 

precision about what the brain does. Then the question will become, ok, some diseases, some 

illnesses, some conditions will be treatable, but what about actual enhancements of the brain? For 

example, in 100 years or 1,000 years, at some point, there will be a way to boost your cognition in 

some way, would you do that?  

MC:  I think it depends on how irreversible it was. This is happening now, in a very crude way. One of 

the most moving things that I came across was from a magazine article in Nature, the scientific 

journal. It wasn’t even a piece of scientific research, it was a study done by some anthropologists, I 

think, on patients in Australia who have electrodes, kind of what science fiction writers would call 

‘neural lace’, and I know that Elon Musk is very excited about this. It’s not really that, it’s just a set of 

electrodes that they have permanently in their brain that tells them when they’re going to have an 

epileptic fit, so that they can then decide whether they need to take the drug to stop themselves 

having epilepsy. These people with profound epilepsy, this is an alarm call for them. The way that 

the patients described having this implant was really quite dramatic. One woman in particular, she 

initially said it was like having an alien in her head and she hated it, and then she got really used to it 

because it empowered her. It enabled her to work normally, to function normally.  

Then, something quite macabre happened. The company that owned the device went bust. So, it 

then had to be removed, because it wasn’t actually hers. She said, ‘it was like them taking part of me 

away.’ She got so used to having this thing in her head, it enabled her to function on a very, very 

crude level, that she now felt that she’d actually been like having a limb removed. I think we’ve got 

an awful long way to go before we realise the implications of the intimacy of even something as 

simple as that. It’s more complicated than a pacemaker, but it’s the same kind of thing. Having a life 

changing device inserted into you may cause all sorts of unexpected effects, in particular if you don’t 



own it. If somebody else owns that device, and maybe owns the information that it’s recording, it 

could do weird things with your head. 

DD:  There’s a good novel in you as well, Matthew! We’re running out of time here, I think maybe 

we should end on you-, towards the end of your introduction, you summarise and encapsulate the 

whole sense what this is about. Perhaps you’d like to read that? 

MC:  Yes, it’s the end of the beginning. We’re at the beginning of the end, and this is the end of the 

beginning. It’s the final paragraph of the introduction: 

Understanding how past thinkers have struggled to understand brain function is part of framing 

what we need to be doing now in order to reach that goal. Our current ignorance should not be 

viewed as a sign of defeat, but as a challenge, a way of focusing attention and resources on what 

needs to be discovered, and on how to develop a programme of research for finding the answers. 

That is the subject of the final, speculative part of the book, which deals with the future. Some 

readers will find that section provocative, but that’s my intention. I want to provoke reflection about 

what the brain does, what the brain is, what it does and how it does it, and above all to encourage 

thinking about how we can take the next step, even in the absence of new technological metaphors. 

That’s one of the reasons why the book is more than a history, and it highlights why the foremost 

important words in science are ‘we do not know’.  

DD:  Brilliant, thanks so much Matthew. That’s really lovely. That just leaves me to say thanks so 

much for joining Matthew and I today. You can buy Matthew’s book by following the link in the 

event description. Thanks so much everyone, thanks for listening to us. 

MC:  Thank you very much Dan, it’s been great. Thank you, Cheltenham Science Festival, for putting 

this on. Stay safe everybody. 

DD:  Take care, bye-bye.  

 

 


