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Abstract Neuroscience is clearly making enormous progress toward understand-

ing how human brains work. The implications of this progress for ethics, law,

society, and culture are much less clear. Some have argued that neuroscience will

lead to vast changes, superseding much of law and ethics. The likely limits to the

explanatory power of neuroscience argue against that position, as do the limits to the

social relevance of what neuroscience will be able to explain. At the same time

neuroscience is likely to change societies through increasing their abilities to predict

future behavior, to infer subjective mental states by observing physical brain states

(‘‘read minds’’), to provide evidence in some cases relevant to criminal responsi-

bility, to provide new ways to intervene to ‘‘treat antisocial brains,’’ and to enhance

healthy brains. Neuroscience should make important cultural changes in our special,

and specially negative, views of ‘‘mental’’ versus ‘‘physical’’ illness by showing that

mental illness is a dysfunction of a physical organ. It will not likely change our

beliefs, implicit or explicit, in free will, or spark a new conflict between science and

religion akin to the creationism controversy.
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Facts are facts.

When the electromagnetic of the he-male

Meets the electromagnetic of the female

If right away she should say this is the male

It’s a chemical reaction, that’s all.

And though you fascists may answer with hisses
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The same applies when you’re mister and missus

Hey diddle diddle with middle class kisses,

It’s a chemical reaction, that’s all.

Say in love with you I fall

And in love with me you also fall

Though the uninstructed faction

Calls it mutual attraction

It’s a chemical reaction, that’s all.1

Silk Stockings, a 1957 musical remake of the 1939 film Ninotchka, is not without

its charms—could any movie with Fred Astaire and Cyd Charisse be without some

charm? Neither, though, is it on any lists of great American films. But the lyrics to

one of Cole Porter’s songs, ‘‘It’s a Chemical Reaction, That’s All’’, sung in the film

by Ninotchka, a beautiful but totally no-nonsense (at this point) Soviet bureaucrat in

Paris, are relevant for the strikingly reductionist view they offer of one important

human behavior, romantic love.

Thomas Scott’s article, Neuroscience May Supersede Ethics and Law, seems to

share, in a more scientifically detailed way, the same idea (Scott 2012). He

concludes that

As understanding of the brain becomes more complete, all behaviors, good

and bad, will increasingly be traceable to subtle brain events: a few picoliters

of dopamine here, the momentary occlusion of a capillary there. When

‘‘mind’’ becomes ‘‘brain,’’ psychology dissolves into physiology, criminal law

becomes a branch of medicine, and concepts of free will and responsibility are

rendered quaintly obsolete, products of a pre-neuroscientific age, to be recast

as electrochemical events. (Scott 2012)

Scott’s expansive claims about the annihilating effects of neuroscience on law

and ethics seem, to this law professor, clearly wrong. Criminal law is concerned not

just with retribution for freely willed immoral actions, but with deterrence (both

generally and with regard to future acts by a specific defendant), incapacitation

(depriving the convicted man of the chance to carry out more crimes), and even

rehabilitation. And even the retributivist argument for criminal punishment does not

depend on the existence of some ‘‘deeply free’’ will (Morse 2005, 2006, 2007, 2008,

2011).2 Although neuroscience may reduce or eliminate criminal liability in some

rare cases (Greely 2011a), the criminal sanction, not medical treatment, is likely to

have a place even in a (far distant) world of fully understood human brains.

Similarly, although individual decisions are the product of electrochemical

events—something of which scientists are already confident, though the details

remain sketchy—a fuller recognition of that fact will not keep all of us, as humans,

1 Cole Porter, ‘‘It’s a Chemical Reaction, That’s All’’ (1955). The song premiered in the Broadway

musical of Silk Stockings and was included in the 1957 film version.
2 Law professor Stephen Morse and others argue, convincingly to me, that conscious choice is the key to

responsibility, not, in light of its many and varied problems, ‘‘free will.’’ From a more philosophical

perspective, John Martin Fischer’s work is especially powerful (Fischer 2006, 2009; Fischer and Ravizza

1993).
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from having to make decisions about what we should do and how we should live.

Explaining the electrochemical underpinnings of ethical decisions will not make

hard decisions, or the willingness (and need) to argue about those decisions, go

away. As in Silk Stockings, even if people understand why and how they fall in love,

fall in love they still will.

It is a bit depressing to read deeply reductionist claims as we near the end of the first

decade of modern neuroethics.3 Early in that decade, very broad claims for the moral

significance of neuroscience were common (Greene and Cohen 2004; Sapolsky 2004)

but much of the decade has been spent dialing back those claims. As neuroscientists,

ethicists, lawyers and others have talked together, they have come to understand better

the complexities, and limits, of their respective fields. The result has combined much

deeper analysis of specific issues, such as the uses of functional magnetic resonance

imaging (fMRI) for lie detection,4 with a broader recognition that neuroscience is

unlikely to lead to the disappearance of law or ethics.

Having said that, I still believe that neuroscience will have revolutionary effects

on laws and societies—just not that revolutionary. What can our societies expect?

Bearing in mind Danish physicist Niels Bohr’s famous point—‘‘It’s always hard to

predict things, especially the future’’5—I will speculate about three things: the likely

scientific limits of neuroscience’s understanding of individuals’ minds, the probable

ways in which neuroscience will affect human societies in the next few decades, and

the likely effects on culture.

Limits to Understanding

Even assuming, as I do, that physical states of the brain completely determine

mental states, and the behaviors they evoke, there are good reasons to believe that

neuroscience will never be able to determine perfectly what an individual person is

thinking or is going to do at any given time, let alone control those thoughts or

actions perfectly (Murphy and Greely 2011). These reasons do not invoke any

inherent mysteries6 but rest primarily on two things: complexity and plasticity.

3 Identifying beginnings is often controversial and this may be no exception, but I date the modern era in

neuroethics to May 2002 and a conference, entitled ‘‘Neuroethics’’, held in San Francisco by Stanford and

the University of California at San Francisco and funded by the Dana Foundation (Marcus 2002). It was

about the same time that William Safire, columnist for the New York Times and president of the Dana

Foundation, independently re-invented the term ‘‘neuroethics’’ and began to popularize it (Greely 2006).
4 In a chapter on law and neuroscience published in 2011, Anthony Wagner and I cite about 40 published

scholarly articles or book chapters devoted to neuroscientific lie-detection. I have no doubt that the total is

now substantially higher (Greely and Wagner 2011).
5 The source of this line is remarkably hard to track down, but it does seem most likely to have come

from Bohr, and not from the other usual suspects, such as baseball player and sometime sage Yogi Berra

(Greely 2000; Greely and Wagner 2011).
6 It is fascinating to what lengths people will go to try to find some way in which neural processes are not

determined, in the hopes of preserving some mechanism for free will. Some, for example, invoke

quantum mechanics, hoping that the subatomic scale may somehow carry over to the molecules of the

brain. It almost seems that quantum mechanics is the last refuge not of the scoundrel but of the

indeterminist.
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The human brain may be the most complicated object known in the universe. It

has about 100 billion neurons, making somewhere between 5 and 50 trillion

connections, called synapses. These synapses are not ‘‘on/off’’ protoplasmic

transistors, but operate through scores of different neurotransmitters, released from

the pre-synaptic side as a result of different inputs, in varying amounts, and with

divergent results on the post-synaptic side of the connection, heavily influenced by

the conditions in the synaptic cleft. Each synapse is more like an analog computer

than like a single digital transistor.

One might, in theory at least, make a ‘‘wiring diagram’’ showing all the neurons

and all their connections in one idealized, or possibly post-mortem, human brain.

But that would only be a first step toward knowing the chemical and electric state at

every moment of each neuron and synapse. What are the concentrations of each

neurotransmitter in each vesicle at what distances from the neuronal membrane at

each synapse, as well as the concentration of all relevant molecules in the synaptic

cleft? I can see no plausible way to determine those levels in detail in even one

model brain—and no way at all to determine them in the brain of a living person.

Without that information, it seems unlikely researchers can determine when a given

neuron will ‘‘fire;’’ the problem is not that the brain is inherently obscure, but that it

is fiendishly complex.

The complexity is made worse by the fact that there is no such thing as ‘‘the

brain.’’ Brains are plastic, both between and within individuals. Any two individuals

have different brains. This is true at the level of (fairly) gross anatomy—the

locations of various anatomical markers and functional areas seem to vary, at least

slightly, from person to person. At a large scale, most people need to have a

functional Broca’s area, in the rear of the left frontal lobe, to be able to speak, but

some people (often those who lost that region of their brains when young) can speak

without it. Plasticity is surely true at the level of particular neuronal connections,

and the meanings that particular networks of firing connections give rise to in the

consciousness. If you say ‘‘Columbus, Ohio’’ to me, some set of my neurons will

fire; if I say it to you, there is every reason to believe that a different set of neurons,

based (at least) on our different histories and experiences, will fire.

But I am making these final revisions to this article on a plane flight home from

Columbus in August 2012. My neuronal firing patterns today when you say

‘‘Columbus’’ are almost certainly subtly different from those from last July. And the

neuronal patterns 60 seconds from now will be still different, in part because they

will be affected by the fact that I had just heard that word.

What does this mean for a scientific understanding of the relationship of physical

brain states to subjective mental states? Researchers should be able to say, with

good accuracy, that a certain pattern of brain firings, detectable through fMRI, EEG,

near-infrared laser spectroscopy, or some as yet undreamt of techniques, will mean,

in most of the people, most of the time, that they feel hungry. The researchers may

even be able to tell, for some lower percentage of scanned people, that the patterns

mean they want cheeseburgers. But it seems very unlikely that researchers will ever

be able to say, with even low accuracy, ‘‘cheeseburger, medium rare, with cheddar

cheese, ketchup, tomato, grilled onions, no mayo, toasted bun—oh, and a slice of

bacon—better remember to take my statins.’’
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Likely Social Implications

Neuroscience will never be able to read minds with perfect confidence or in

anything close to perfect detail. So how will neuroscience revolutionize society? I

suggest at least five areas where neuroscience will have substantial effects:

prediction, mind reading, responsibility, treatment, and enhancement (Greely 2009).

Neuroscience will help us predict future behaviors, mental states, or mental

capabilities, pathological or otherwise. Eventually, clinicians should be able to

predict, using (in part) tools from neuroscience, who will have dyslexia, get

Alzheimer disease, become schizophrenic, or be a psychopath. These predictions

will have major implications, for the individuals and for society.

Neuroscience will, probabilistically and without great detail, be able to read

minds. This might help someone communicate who is otherwise ‘‘locked in’’ (Monti

et al. 2010). It might also help, for example, judges and juries determine who is

actually feeling pain, who is biased, who recognizes something, or who is telling

what he or she believes to be the truth (Greely 2011b). Others could use these mind

reading methods to tell whether someone likes a particular product, politician,

religion, or dictator with a strong personality cult. Societies will have to decide how

those methods may be used—by whom, on whom, and for what ends.

In some cases, neuroscience will reveal that someone does not now have, or did

not at the relevant time have, the capabilities required to hold them legally, or

morally, responsible. The first part, the present capabilities, should be more

plausible than revealing the past. There is what has been called a ‘‘time machine’’

problem—the state of an alleged criminal’s brain at the time of a violent act could

be the crucial issue, but it will be highly unlikely that he was in a scanner at that

time (Brown and Murphy 2010). Neuroscience will probably never be able to see

past mental states, but should, to some extent, be able to determine past mental

capacities, which will sometimes be relevant.

Neuroscience will help us intervene in brains. Funding for neuroscience research

in the US comes overwhelmingly from medical sources, like the National Institutes

of Health. Prevention, treatment, or cure of Alzheimer’s disease, Parkinson’s

disease, schizophrenia, or depression would have major social consequences. So

would improved treatments for dyslexia, attention deficit disorder, or poor ability to

learn foreign languages. And so might ‘‘treatments’’ for criminal behaviors, various

addictions, disliked sexual preferences, or political deviations. Scott may be right in

expecting criminal justice to become, at least occasionally, medicine (Scott 2012).

If, however, neuroscience-based interventions do allow us to ‘‘cure’’ people of

crimes, how, for example, should courts use neurosurgery to ‘‘treat’’ burglary—and

at what cost? (Greely 2009; 2012).

And neuroscience will allow people to enhance their mental abilities. Today

drugs can help healthy people stay awake longer and, perhaps, concentrate better.

But what about drugs or devices that improve memory, allow individuals to control

things directly with their thoughts, or provide direct mental access for input from

computers? These will, at least to some extent, also come.
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Culture

For the moment, draw a probably indefensible line between ‘‘society’’ and

‘‘culture.’’ The last section talked about how neuroscience is likely to change

societies, how people live and interact. This one will speculate on how neuroscience

will change what people believe, about themselves, about others, and about the

world. This seems to me the hardest kind of prediction to make, but I will suggest

three things: one change that is likely to happen and two changes that probably will

not.

First, neuroscience will help break down the special status of ‘‘mental illness.’’

Researchers, clinicians, legislators, lawyers, judges, and the general public all

divide dysfunctions of the brain into ‘‘neurological conditions’’ and ‘‘mental

illnesses’’ and medicine has several very different specialties handling these brain

problems. Mental illnesses, like neurological conditions, are diseases of the physical

organ called the brain. Neuroscience, and in particular the hoped-for treatments

from neuroscience, should make that increasingly obvious. As a result, the special

stigma of mental illness should disappear (albeit slowly) and psychiatry, neurology,

and neurosurgery should merge (although, for reasons of the cultures of health care,

including neurosurgeons may be a step too far.)

Second, neuroscience will not convince people that they have no free will. Some

researchers expect that, as laypeople come to understand that the physical brain

determines mental state and that the physical brain is itself determined, they will,

therefore, conclude that they have no free will. Philosophers have been pondering

questions of free will for millennia and are divided in numerous competing

positions. Perhaps the most common position agrees that the brain, and hence the

mind, is physically determined (‘‘determinism’’), but that this determinism is

compatible with free will (‘‘compatibilism’’) (Pink 2004).

Although I am a convinced determinist, I do not find compatibilism very

satisfying. I cannot see how I can have something like a robust free will in a

determined universe. But I feel as though I have free will. And most of the time I

believe the people I am dealing with have free will. It works for me to believe these

things, most of the time, and I am going to go right on believing them, regardless of

what neuroscientists or philosophers tell me. I will put off the question of how I can

have free will as above my pay grade while I continue to act as though I—and

you—generally do.

That seems likely to be the general cultural reaction. Neuroscientists can preach

an incompatibilist determinism to people but they will make few converts. That

position conflicts too strongly with people’s perceptions of their (usually) free will,

interestingly modified by those few occasions where they might perceive that they,

exceptionally, do not have free will. And it runs into the fact that, deeply true or not,

free will seems to be, pragmatically, a useful belief to hold.

Finally, neuroscience probably will not exacerbate the divisions between (some

of) the public and science. Alan Leshner, neuroscientist and Chief-Executive-

Officer of the American Association for the Advancement of Science, has

sometimes publicly worried that neuroscientific findings, particularly those

concerning free will, could provoke the same kind of broad hostility as the science
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of human evolution or, in other ways, the science of climate change (Leshner 2011;

Miller 2009). I think it will not.

First, to the extent people do not care about those findings, they will not be upset

with science. Science tells us that the universe is full of so-called ‘‘dark energy,’’

something deeply counter-intuitive, but few people care and there are no protests or

lobbying campaigns against ‘‘dark energy’’ or teaching it in public schools. Many

people do care about the science of climate change, but largely because of the

significant environmental, economic and regulatory implications they see flowing

from it. There seems no obvious path for neuroscience to create lots of economic

winners and losers, thereby producing lobbyists and supporters interested in

upholding or attacking the science.

One might argue that few people should care about human evolution—what

difference does it make in their lives? But human evolution became positioned both

as in direct opposition to what many people take as divine revelations (in several

religions), and as a symbol of disbelief in any god. Free will is religiously more

ambiguous. The extent to which humans can have free will, in a universe with an

omniscient and omnipotent personal deity, has long been deeply controversial, at

least in Christianity, where it was a major factor in the intellectual side of the

Reformation. Those who believe that a god determines all human actions and

thoughts may have no reason to quarrel with the idea that he does so through

neuronal firings. The ‘‘evolution wars’’ are not likely to be joined by the ‘‘human

neuroscience wars.’’

Conclusion

Neuroscience is going to revolutionize many societies but the effects are likely to be

complicated and not always obvious. Preparing for those consequences—trying to

minimize their harms and maximize their benefits—will not be easy. It will require

hard thinking and hard work, by neuroscientists, ethicists, lawyers, legislators,

citizens, parents, and others, in contexts filled with uncertainties. And it will require

us to talk to each other, across disciplinary lines, and to realize that each discipline

and each role has its own complicated and subtle expertise to bring to bear.

Neuroscience will not supersede ethics and law; ethics and law will not bury

neuroscience. We all need to move forward together, using our brains with the skills

those brains create—even though those skills, too, result from ‘‘a chemical reaction.

That’s all.’’
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