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On Not Reinventing the Wheel:
Need We See the Governance of Research 

in Neuroscience as Somehow Special?

JOHN E L L IOT T

Introduction

The impetus to this article was the ongoing development of ethical research 
governance in Singapore. This has been a preoccupation of the Bioethics 
Advisory Committee (BAC), Singapore, since its inception in 2000.1  The 
BAC is, at the time of writing, actively considering the implications of new 
technologies for neuroscience research within an established framework of 
ethics governance in Singapore, and what if any consequential changes to this 
framework might be needed. This therefore seems an opportune moment to 
consider some potential ethical issues in neuroscience research. This article 
acknowledges and briefly describes the ethical framework that the BAC fuses, 
but is written independently and not as representing the BAC or its position 
on these issues.
 Neuroscience attracts interest because the brain is the organ of the mind 
and the seat of consciousness. Accepting, for the moment, the inherent 
dualism behind this formulation, together with a naturalistic implication that 
the undisturbed brain somehow reflects our true selves, it seems that anything 
that might seem to risk or alter the brain, risks altering ourselves. Whether or 
not this accurately captures an important concern, it will do as the starting 
point for an exploration of whether some kind of neuroscience exceptionalism 
is justified. By neuroscience exceptionalism, I mean simply the proposition 
that neuroscience, by virtue of its subject matter, requires special or different 
treatment when it comes to the ethical principles that are entailed in good 
ethics governance, or their application.
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 The burden of the argument to be presented is that the general principles 
underlying ethical governance of biomedical research in general will, if applied 
sensibly, provide most of the necessary protection for participants when con-
sidering basic or clinical research or experimental treatments. There are, how-
ever, exceptions, which may require an additional principle.
 I first briefly outline the principles I am appealing to, and then consider 
two questions:

1. Does neuroscience research raise issues not already addressed within the 
existing governance framework?

2. Does neuroscience-based human enhancement raise such issues?
 I am excluding research involving laboratory procedures applied to cells or 

tissue, and research dealing exclusively with the peripheral nervous system 
or the autonomic nervous system. The focus is work impacting the central 
nervous system (CNS), usually research with clinical applications, or where 
a treatment is experimental in nature.

Ethical Principles

Listed below are the five principles guiding the BAC and on which this article 
is predicated:2 

1. Respect for individuals. This entails:
 a. Beneficence and non-maleficence;
 b. Respect for the autonomy and liberty of persons, where autonomy means 

respecting the right of persons to make their own decisions without 
  being coerced, misled, or kept in ignorance;
 c. Respect for the privacy and dignity of the person;
 d. Respect for cultural diversity and beliefs.
2. Solidarity — supporting the idea of public good. Respect for the individual 

does not trump all other considerations, one of which is the interest of the 
wider public. This was formerly articulated by the BAC as a principle of 
reciprocity.3 

3. Proportionality — regulate in proportion to risk;
4. Justice — fairness and equality, without exploitation through research of 

one group, class or society for the benefit of another, and with the benefits 
of research available generally and not exclusively, on whatever are agreed 
principles of equity in clinical services or practical benefits; and

5. Sustainability — there should be no future jeopardy, especially to future 
generations, accruing from research activities; most often used as a justifi-

 cation for limiting efforts to alter the human genome.
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 These principles strongly reinforce the expectation that research will not 
be conducted without the informed consent of the parties involved, where 
consent is not a matter of the mere provision of information, but a matter of 
participant understanding.4  They have also brought the well-being of research 
participants to the fore, so that researchers and their institutions are seen as 
having certain obligations, in respect of the discovery of clinically significant 
conditions and to minimise research hazard generally.

Does Neuroscience Research Raise Issues Not Adequately 
Regulated within This Framework?

One might think, as the brain and central nervous system are so fundamental 
to our sense of personal self, that there would be issues of research ethics 
unique to neuroscience. The approach adopted here is to illustrate some tech-
niques that technology has opened up. Within them, I try to demonstrate 
that, while in the specifics the technology may indeed have created novel 
possibilities, these possibilities are analogous to other similar problems already 
encountered and regulated in domains other than neuroscience, and that, with 
the probable exception of stem cell technology, there is no good case to be 
made for these techniques to be regarded as somehow posing some further 
ethical hazard just because they happen to involve the CNS.
 I will consider in turn three examples where technology has had an impact, 
and is likely to have further impact, and then try to show how any associated 
ethical hazard is not peculiar to neuroscience. The three examples are:

1. Brain imaging;
2. Brain-machine interfaces; and
3. Physical treatment interventions in the brain (whether chemical, electrical 

or surgical). I then also consider a further example, in which a case can 
more reasonably be made for risks not readily captured within the frame-

 work described above, namely: the risk of humanisation of animals via the 
development and use of stem cells for neural tissue replacement, or via the 
creation of transgenic animals.

Brain Imaging

Brain imaging of various kinds can allow dynamic mapping of the brain 
structures or activity that occur when a scanned (imaged) brain is thinking, 
perceiving, or controlling whatever behaviour can occur while a scan is in 
progress. Typically, the scans are used clinically to detect growths, the extent 
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of injury, or the presence of structural or functional abnormalities. In research, 
they are also of interest for investigating the neural basis of thought processes 
and as a possible means to communicate with patients in apparently vegetative 
states whose scanned brains sometimes respond in ways consistent with con-
scious experiences.5 

 Such imaging technology gives rise to privacy and “mind reading” concerns, 
safety concerns, and concerns about incidental findings and their management. 
Safety and the management of incidental clinically significant findings, how-
ever, are general issues in biomedical research and are not discussed further 
here. Concerns relating to privacy are of two kinds. The technique might 
in principle reveal things that the participant or patient might wish to keep 
private; and it might be misused. However, misuse I also set aside, since 
almost any research or clinical technique can be misused. In this respect, brain 
scans are no different from, say, lie detectors or “truth drugs”, except that the 
expensive and complex nature of the scanning procedure will likely discourage 
casual abuse.
 As regards privacy, it is here that the principle of respect for persons ap-
plies. An individual cannot really control what an investigator may observe in 
his or her brain. But, so long as the individual is able to decide whether or 
not to grant that investigator the power to look, it is hard to see a problem. 
This can be made more obvious by considering other cases where scans reveal 
information about an individual.
 For example, whole body security scans at airports have been criticised 
as an invasion of privacy.6  Such scans give a fairly clear visual picture of the 
body under its clothing, which makes it easy to detect concealed objects, at 
the price of some outrage of modesty. A manual pat-down carries a somewhat 
similar price, though, and if one elects to travel by air, one may have to sub-
mit to some kind of body search if one is to fly at all. It is in such situations 
that the concept of professionalism finds apt expression. One hopes that 
security officers are motivated by the same professionalism that one expects 
of doctors and nurses, who routinely deal with situations where modesty has 
to be set aside. However, one does have a choice; and one’s requirement to 
undergo the    indignity of a scan or pat-down is an example of the principle 
of solidarity. Everyone has to make some personal sacrifice in the interest of 
safer travel for all.
 Neuroscience research is not the only kind to concern itself with sensitive 
matters. The Kinsey reports on human sexual responses were groundbreaking, 
not only in their conclusions, but in their methodology, using as they did a 
high level of instrumented intrusion into the processes of active sex7, 8  (and 
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a correspondingly high level of professional disinterest and discretion by the 
researchers).9  Privacy concerns, similarly, are obviously not limited to neuro-
science, or even medicine, as a moment’s reflection on the discretion required 
of (say) lawyers and bank managers will make clear.
 We expect authorised others to take proper precautions to preserve our 
privacy — thus, for example, brain scans should be shown to third parties or 
discussed in their presence only on an appropriate “need and entitlement to 
know” basis. Ordinary rules on confidentiality and privacy set limits on use 
of such information and provide remedies against misuse. There seems little 
case for neuroscience exceptionalism in brain imaging as such.

Brain-Machine Interfaces

Brain-machine interfaces are devices that directly link the brain to an external 
device (input or output). In the case of an input device, the device links or 
mates input sensory signals to neurons, causing them to fire. The existence 
of a stable transformation function then allows the brain to make use of the 
input pattern, in ways that may rely on the plasticity of the cortex and its 
ability to learn to attach new significance to hitherto unfamiliar or unused 
inputs. For example, a cochlear implant mates auditory signals from a micro-
phone to cochlear cells such that the latter are stimulated, and hearing be-
comes possible. Camera-generated inputs running to a matrix of stimulating 
electrodes at the surface of the visual cortex is another example, in which the 
recipient of the device finds it possible with practice to use the information 
this provided to yield a form of “sight”.
 In the case of output devices, a pattern of neuron activity can be used 
to activate an external device. The most spectacular and exciting devices are 
likely to be those that allow the interfacing of the brain with various robotic 
aides. They may potentially be of great value in allowing communication from 
person who are otherwise unable to communicate, or in allowing a physically 
impaired or limited individual to control prosthetic movements, most specta-
cularly in the case of exoskeletal robots (wearable robots).
 These devices are clearly open to the possibility of enhancement, for in-
stance by potentially conferring ability to see outside the range of the normally 
visible spectrum, or by activating robotic power or speed in excess of that 
normally available to the unimpaired body. But do they otherwise raise issues 
not captured by the existing framework of ethical governance?
 It is common to incorporate devices into the body to replace organs, for 
example artificial knees, or to assist organs, (heart pace-makers). Such devices 
can be artefacts (false teeth), or they can be organic transplants from other 
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humans (kidneys, corneas) or other species (heart valves from pigs). In no case 
does there appear to be any serious ethical issue arising from the existence 
of these devices, apart from the matter of enhancement, considered below. 
While not everyone is comfortable with the notion of implanted pig’s valves 
to restore heart function, the issues appear to be primarily personal and a 
matter for the prospective recipient.
 It would seem to follow that any concern is because it is the brain, and 
not any other body organ, that is the site of the interface; and that the effect 
is to transform us in ways that fundamentally affect our sense of self. Yet 
even this does not really raise an issue peculiar to brain-machine interfacing. 
A pair of spectacles, a hearing aid, or a wheelchair, is each alone sufficient 
to transform a person’s life. With impaired senses or mobility, one certainly 
does not feel the same person one was before the impairment occurred. It 
seems arbitrary to assign a particular importance to a change merely because 
it is internal. If the objection is that the brain is actually reorganising itself, 
one can reply that this also is true when using accepted external devices. The 
fundamental basis of all long-term learning resides in a measure of physical 
reorganisation of the cerebral cortex. The language one learns — to take a 
completely different example — profoundly shapes the life of the person who 
learns it, and does so with detectable changes in the structure and function 
of the cerebral cortex. No one, however, would regard it as ethically ques-
tionable, because it altered one’s self, to learn a second language.
 It might be protested that the changes entailed by some types of interface 
are likely to be irreversible. However, this is only an argument for caution. 
Insertion of a stent for the treatment of cardiac artery blockages is pretty 
much permanent, but its permanence is rather regarded as a good thing, 
than the opposite. Our experiences in life accumulate in the form of ongoing 
changes to the physical substratum of the brain, and any appeal not to under-
take irreversible interventions appears to owe more to an application of a pre-
cautionary principle, than to an actual principled objection.
 It would seem therefore that in the case of brain-machine interfaces, as 
with brain imaging, the issues that might arise can in principle be accommo-
dated within the framework of existing good ethical practice in research, given 
proper regard for autonomy and safety.

Physical Treatment Interventions in the Brain

Therapeutic interventions in the brain can be pharmacological (drugs), can 
use electrical stimulation, or can be surgical. The history of therapeutic inter-
ventions is not altogether reassuring, partly due to a lack of clear theoretical 
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rationale for sometimes quite drastic treatments, such as insulin coma therapy 
or electroconvulsive shock therapy, and partly because when extended to 
surgical interventions, such as pre-frontal lobotomies, the treatments were 
irreversible and could have undesirable side effects. Perhaps the most well-
documented therapeutic failure is the well-known case of the late Henry 
Molaison (HM), whose bilateral hippocampal section (for persistent epilepsy) 
resulted in a profound, disabling and permanent anterograde amnesia.10 

 Modern methods are more precise, medically justified, and are often rever-
sible. This somewhat allays concerns about the safety of treatments and their 
side effects. There are also concerns regarding the treatment of patients who 
are not able to give informed consent to treatment, or who actively resist it. 
However, these issues are not confined to psychiatry or neurology. To reiterate, 
the purpose of this article is not to argue that there are no ethical issues when 
contemplating research or experimental treatments, far from it. The intention 
is to argue that there are only limited grounds for assuming that there are 
special ethical issues not readily addressable within the framework already 
available for ethics governance of any such research or treatment, whether 
involving the brain or not.
 Up to this point, the answer to the first question — whether neuroscience 
research raises issues not already addressed within the existing governance 
framework — is essentially “no”. However, when we consider the possibility 
of altering animal brains, the possibility of a rather new ethical issue — the 
mental humanising of animals — does emerge.

Humanisation of Animals

One of the main reasons for biomedical interest in stem cells is because they 
can potentially be used to replace or repair damaged tissue, including neural 
tissue. Clinical trials in this area are now in progress,11  and successful experi-
mental treatments using stem cells with non-neural tissue have already been 
reported, for example, the reconstruction of a trachea.12  It is obvious that if 
repair to the CNS becomes possible, the potential for the treatment of debili-
tating diseases of or injury to the CNS is considerable.
 However, the possibility of investigating the properties of human stem cells 
by introducing them into the brains of animals, either adult or embryo, leads 
to a hypothetical possibility of “humanisation” of the animal brain. Whether 
any such humanisation actually has ethically significant consequences is open 
to debate. A neuron is a cell that connects with a network of other cells, via 
a system of synapses, and it is the operation of the cells as a whole that con-
stitutes a working nervous system. A human cell differentiating into a neuron 
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may, if it functions at all, function in ways that are only partly if at all deter-
mined by its human provenance. The critical thing is likely to be to be how 
the system is organised and the cells interconnected, as it is in these intercon-
nections that the functionality of the system, including its animal or human 
character, appears to reside.
 Thus, human stem cells have been introduced into mouse brains without 
anyone being much concerned that this might result in some unacceptable 
change in the mental life of the mice. The brain of a mouse is too small, and 
the nature of its organisation to remote from that of humans, for it to have 
been thought that the resulting chimæric brain was in any important sense 
human in its functioning, including in its sentience.13  Far more concern sur-
faced when a “visible” chimæra, in the form of a human ear, was published as 
an example of tissue engineering.14 

 On the other hand, when considering animals phylogenetically closer to 
humans, concerns do arise. Higher primates in particular are so similar to 
humans, that experimentation with great apes is now illegal in some countries. 
Even in monkeys it would be a matter of concern if stem cell research were 
thought to create a risk of human sentience in such a creature. Any risk would 
be increased by the introduction of stem cells into an animal embryo, since 
the opportunity for reorganisation of the brain is much greater in the embryo 
or very young animal, than in an older one.
 These risks have been addressed by neuroscientists, for example Greene and 
others,15  and regulatory restrictions have been proposed, or exist, for limiting 
or prohibiting research in line with the possible risk.16  But the nature of the 
risk is the issue here, and it is not entirely clear that the five principles enun-
ciated at the start of the paper sufficiently capture the unease people would 
surely feel if it were thought that scientists could theoretically create an animal 
with something approximating human potential within its brain.
 This is because the principles were devised to protect human research 
participants. They do not address the case of animals. The use of animals 
in research is regulated by provisions governing their treatment, but such an 
“animal welfare” approach does not address the issue occupying us here. It is 
not reassuring, confronted with a hypothetical possibility of a rhesus macaque 
with some level of human potential in its mental makeup, to reflect that its 
creature comforts are well-protected by law, or its rights the subject of protest 
and debate. What are its rights? What sort of creature is it?
 The objection is to the idea that it is acceptable to experiment using acti-
vities that could result in an approximation to a human person. The process 
is not safe, and does not bring into existence an autonomous human being. 
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It would engender a being of indeterminate status created in the pursuit of, 
as an incidental consequence of, some other goal.
 This argument, and the objection, applies given even the strictly materialist 
outline of nervous function given above. It will apply with even more force 
if one grants some kind of special immaterial status or property — over and 
above the structure and neuronal function of brains — that is entailed in the 
idea of being human.
 A similar concern arises with genetic modifications in which human DNA 
sequence are inserted into an animal genome, to develop a “transgenic animal” 
for research purposes. Transgenic mice have been used in research for many 
years as useful disease models, and there is no reason to suppose that im-
parting, say, a human susceptibility to cancer into a mouse humanises the 
mouse in any other particular, and certainly not that it somehow confers 
something amounting to human sentience. However, this is because the DNA 
substitutions are small in amount and relate to known properties in the host 
animal (though admitting that alleles can have unanticipated pleiotropic con-
sequences). Moreover, the entire biological organisation of a live mouse is not 
consistent with essential human properties either of appearance or of sub-
stance. The idea of a live mouse with a fundamental human capacity — say, 
language — is completely inconsistent with the structure of the murine brain 
and nasopharynx. The corresponding anatomical discrepancies even between 
species as closely related as modern humans and Neanderthals has long called 
into question the language capacity of the latter,17  and by extension, there is 
really no case to be made for putatively talkative mice.
 When, however, we turn our attention to higher primates, and consider 
that transgenic DNA substitution could in theory extend to any desired 
percentage, we have in effect a sliding scale of genetic similarity that could 
extend, in principle, the entire distance from any given higher primate to 
humans. Much the same concern arises as in the case of stem cell implants, 
that altering the brain in the direction of increased humanisation might entail 
a corresponding emergence of human mental properties if the alteration was 
sufficiently extensive.
 Potentially creating an animal with human characteristics affronts the idea 
that people should only be created in ways consistent with respect for persons, 
as that characterises all existing legal methods of reproduction. It would reveal 
an indifference to the claims and interests of possible other minds that would 
be disquieting, to say the least. To the extent that any such animal was created 
by genetic modifications that extended to the germ line, and if allowed to 
breed, there would also be the challenge to sustainability of unforeseeable 
future genetic changes.
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Does Neuroscience-Based Human Enhancement Raise 
Issues Not Already Addressed within the Existing 
Governance Framework?

Speaking generally, a quite literal understanding of enhancement is that it is 
good, but a lot seems to depend on not violating some naturalistic notion of 
where the limits of enhancement ought to lie. The rough and ready rule seems 
to be that natural enhancement through practice and effort is nearly always 
good; artificial enhancement through artificial aids is more questionable.
 Enhancement is considered in the following section under four headings. 
I take “enhance” in its ordinary sense, of “to intensify, increase, or further 
improve quality, value or extent of [something]”.18 

1. Enhancement through environmental opportunity.

This is the idea of providing optimal conditions for growth and the realisation 
of potential. It is generally regarded as good, and is in practice a goal and 
aim for almost everyone. No one unequivocally advocates diminishment of 
people as an ethical goal.
 There can be individual exceptions. A high-minded objection to social in-
equality or elitism might lead a person to decline an opportunity for a better 
education, or a preferred job, on the grounds that others lacked a similar 
opportunity. A principled adherence to a less than optimal diet, or a regime 
of fasting, might be justified by other priorities, such as religious practice. 
But these exceptions are not exclusive to the principle of trying to make the 
most of what one has. They are a matter of ethical priorities, which may 
subordinate one’s personal enhancement to other considerations, but do not 
treat optimising potential as a bad thing in principle.
 The corollary of this is that improving one’s mind or body through exer-
cise, practice or effort is more or less universally regarded as virtuous. While 
people may have reservations about the price paid for success in competitive 
societies, the complaint is not that achievement is bad; it is about the cost of 
achievement.

2. Enhancement through pharmacological means; in the case of 
enhancement of brain function, this usually means cognitive 
neuroenhancement by what is known as a nootropic agent.

A precautionary principle appears to operate with drug-based enhancement 
generally, perhaps because drugs are seen as verging on the boundary of what 
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can be considered natural. If the drug in question is not too addictive or 
unhealthy, and not too consciousness-altering, and provided the enhancement 
is not unfairly applied in a context, typically sports, where it is specifically 
precluded, and provided there is an actual enhancement, and no permanent 
change, it seems to be acceptable. Thus caffeine, though somewhat addictive, 
is widely used for its stimulant properties; but amphetamines and prescription 
drugs are not. Nicotine has a beneficial effect on concentration,19  but is ex-
tremely addictive, and unhealthy if taken by smoking tobacco, so would not 
be regarded as an acceptable performance enhancer in contexts where smoking 
is prohibited. Nicotine chewing gum used for purposes of sustaining concen-
tration would be relatively uncontroversial but the resultant dependency might 
translate into tobacco use. Suffice it to say that the use of drugs generally 
is controversial, attracts regulation in varying forms and with more or less 
draconian consequences, and the use of drugs for enhancement purposes is 
severely constrained by social and legal boundaries. However, given those 
boundaries are not crossed, there appears no ethical objection to enhancement 
by this route.

3. Enhancement by genetic modification.

This is generally regarded as bad, unless a genetic disease is being eliminated 
by a process of embryo selection, or manipulation, in which case we are 
talking of treatments rather than enhancement. But setting aside treatment 
considerations, a principle of sustainability mandates caution when contem-
plating alterations to the human genome, as these will perpetuate, unless, of 
course, the modification is purely somatic and does not affect the germ line.
 There is sometimes confusion of embryo selection with embryo enhance-
ment. Selecting an embryo — whether to avoid some undesired quality, or for 
some favoured characteristic, such as a particular gender — is not enhance-
ment. Such selection procedures are sometimes characterised as producing 
so-called “designer babies”, but this rather misleading term would be better 
reserved for cases — should they ever arise — where a genome was actually 
planned and engineered.
 The entire concept of enhancement is problematic when applied to the em-
bryonic nervous system. If an embryo is modified to produce a neurologically 
“better” embryo, that “improved” embryo will ipso facto develop into a dif-
ferent person than would have resulted from the unimproved original, rather 
than being the same person enhanced. Hypothetical genetic modifications of 
embryos are arguably not enhancements of the future person, they are future 
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new persons. This may not be obvious if one thinks of minor adjustments or 
body changes, but in principle one could engineer any amount of change in a 
brain subject only to the (considerable) practical limitations of technique, and 
there is no theoretical line at which one can clearly say this is not an altered 
person, but a new and different person.
 Indeed, a conceptual problem arises in considering whether any genetically 
engineered individual can be considered enhanced. We are accustomed to 
think of genetic enhancement in the context of genetically modified foods. In 
such cases, the enhancement comprises a genetic change outside the range of 
what has evolved by natural or artificial selection in the species. If anything, a 
genetically enhanced individual is one who has received a non-natural version 
of an allele, engineered for some enhancement purpose; or who, as an auto-
nomous human, has received a genetic “transplant” of some kind sufficient 
to constitute an enhancement without impairing the continuity of their sense 
of self.
 It seems safer to simply state that genetic modification will fall outside a 
proper understanding of the notion of enhancement, unless the improvement 
actually represents an effort to engineer some kind of superior performance, 
in which case the ethical concerns are similar to those that surface when 
cloning is considered. Safety concerns would probably rule out such efforts 
(one cannot ethically create experimental people), but in addition, there would 
be concerns arising from the creation of people according to a plan rather 
than for themselves, i.e., the rendering of individuals as instrumental to the 
purposes of other individuals. It can be acknowledged, in defence of putative 
genetic engineering, that such instrumental creation of children can occur in 
any case by conventional means (carry on having babies until one of them is 
a boy, for example). However, this is not an argument for enabling it as part 
of a technique for deliberately creating people to some kind of specification.

4. Enhancement of the physical brain, by the use of stem cells 
 or otherwise.

This is not a practical option at present but could theoretically become so, 
and would clearly raise issues. Once one opens the possibility of not just 
repairing but “improving” the brain, one has clearly crossed a line and is 
designing humans in respect of the very organ that is the seat of their self. 
Further, the outcome of any such attempts would be uncertain, because one 
cannot fully predict or control the activities of live cells (not that being able 
to do so would constitute a reason to do it).
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Conclusion

The answer to the question posed in the title of this paper is, to some extent, 
“yes”. Neuroscience research and application can be seen as raising distinctive 
ethical risks in two ways. First, the risk of humanising animals; and second, 
the possibility of enhancement via tissue changes within the CNS, most prob-
ably through the use of stem cells.
 The risks thus identified seem to fall most obviously into the category 
of failures of respect for persons and sustainability, but it is worth asking 
whether we need some additional principle. It strikes this writer that the five 
principles discussed at the start were clearly derived from the need to protect 
participants from research activities that could harm them. The idea that 
participants might need protecting from themselves, or from changes to them-
selves, that we as a society may need to limit what people can do with their 
own brains, is not something that clearly falls under any existing principle.
 Perhaps, therefore, an added principle is needed, along the lines of Respect 
for the Brain, such that brains, being organs of self-awareness and the root of 
feelings, cognition and the control of bodies, should be respected with regard 
to their growth, structure and function, such that the importance of thera-
peutic primacy over experimental alteration is always observed in research and 
treatment. To this extent, perhaps some element of neuroscience exceptionalism 
is, after all, justified.
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