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Abstract

Background: Moral philosophy and psychology have sought to define the nature of right and wrong, and good
and evil. The industrial turn of the twentieth century fostered increasingly technological approaches that conjoined
philosophy to psychology, and psychology to the natural sciences. Thus, moral philosophy and psychology became
ever more vested to investigations of the anatomic structures and physiologic processes involved in cognition,
emotion and behavior - ultimately falling under the rubric of the neurosciences. Since 2002, neuroscientific studies
of moral thought, emotions and behaviors have become known as — and a part of — the relatively new discipline
of neuroethics. Herein we present Part 2 of a bibliography of neuroethics from 2002-2013 addressing the “neuroscience
of ethics” — studies of putative neural substrates and mechanisms involved in cognitive, emotional and behavioral
processes of morality and ethics.

Methods: A systematic survey of the neuroethics literature was undertaken. Bibliographic searches were

performed by accessing 11 databases, 8 literature depositories, and 4 individual journal searches, and employed
indexing language for National Library of Medicine (NLM) Medical Subject Heading databases. All bibliographic

searches were conducted using the RefWorks citation management program.

Results: This bibliography lists 397 articles, 65 books, and 52 book chapters that present (1) empirical/
experimental studies, overviews, and reviews of neural substrates and mechanisms involved in morality and
ethics, and/or (2) reflections upon such studies and their implications. These works present resources offering
iterative descriptions, definitions and criticisms of neural processes involved in moral cognition and behaviors,
and also provide a historical view of this field, and insights to its developing canon.
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Introduction and background

Throughout much of recorded history, humans have
sought to define the nature of right and wrong, and
good and evil. Since antiquity, such questions have been
the focus of moral philosophy. However, empirical and
experimental movements of the late nineteenth century
drew scientific attention to philosophical questions, and
the queries of moral philosophy became the focus of the
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then nascent discipline of psychology. The industrial
turn of the twentieth century fostered increasingly
technological approaches that conjoined psychology to
the natural sciences. Philosophical speculation, and psy-
chological observation and experimentation became ever
more rooted in, and vested to investigations of the ana-
tomic structures and physiologic processes involved in
cognition, emotion and behavior. Thus, studies of moral
philosophy and moral psychology became the province
of brain research, ultimately falling under the rubric of
the neurosciences, which became firmly established as a
titular field in the middle-to-late 1970s [1]. Important
contributory literature from the 1960s through early
2000s is provided below.
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Important contributory literature from the 1960s through
early 2000s
Journal Articles

Allison T: Neuroscience and morality. Neuroscientist
2001, 7(5):360-364.

Callahan D: Ethical responsibility in science in the
face of uncertain consequences. Ann N Y Acad Sci
1976, 265:1-12.

Changeux JP: [Reflections of a neurobiologist on the
origin of ethics.] CR Seances Soc Biol Fil 1998,
192(6):1041-1049.

Churchland PS: The significance of neuroscience for
philosophy. Trends Neurosci 1988, 11(7): 304-307
Damasio H, Grabowski T, Frank R, Galaburda AM,
Damasio AR: The return of Phineas Gage: clues
about the brain from the skull of a famous patient.
Science 1994, 264(5162): 1102-1105.

Dolan RJ: On the neurology of morals. Nat Neurosci
1999, 2(11):927-929.

Eslinger PJ, Damasio AR: Severe disturbance of higher
cognition after bilateral frontal lobe ablation: patient
EVR. Neurology 1985, 35(12):1731-1741.

Greene D, Sommerville RB, Nystrom LE, Darley JM,
Cohen JD: An fMRI investigation of emotional
engagement in moral judgment. Science 2001,
293(5537): 2105-2108.

Helmuth L: Cognitive neuroscience. Moral reasoning
relies on emotion. Science 2001, 293(5537):1971-1972.
Laplane D. [Epistemological remarks on the
question of cerebral organization.] Rev Neurol
1994, 150(8-9):555-563.

Medinnus GR: Behavioral and cognitive measures

of conscience development. ] Genet Psychol 1966,
109(1):147-150.

Scoville WB, Milner B: Loss of recent memory after
bilateral hippocampal lesions. / Neurol Neurosurg
Psychiat 1957, 20:11-21.

Strawson G: The impossibility of moral
responsibility. Philos Stud 1994, 75(1/2): 5-24.

Books

Bratman M: Intention, Plans, and Practical Reason.
Cambridge, Mass: Harvard University Press 1987.
Brentano F: Psychology from an Empirical Standpoint.
New York: Humanities Press 1973 (1874).
Churchland PM: The Engine of Reason, the Seat of the
Soul: A Philosophical Journey into the Brain.
Cambridge, Mass: MIT Press 1995.

Clark A: Being There: Putting Brain, Body and World
Together Again. Cambridge, Mass.: MIT Press 1997.
Crick F: The Astonishing Hypothesis: The Scientific
Search for the Soul. New York: Touchstone 1994.
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Damasio AR: Descartes’ Error: Emotion, Reason and the
Human Brain. New York: Putnam 1994.

Damasio AR: The Feeling of What Happens: Body and
Emotion in the Making of Consciousness. New York:
Harcourt Brace 1999.

Dewey J. Human Nature and Conduct: An Introduction
to Social Psychology. New York: Carlton House 1922.
Fodor JA: The Language of Thought. New York:
Crowell 1975.

Habermas ], Dews P: Autonomy and Solidarity:
Interviews with Jiirgen Habermas. London: Verso 1986.
Harrington A: Medicine, Mind, and the Double Brain:
A Study in Nineteenth-Century Thought. Princeton,
NJ: Princeton University Press 1987.

Huber G: Cerveau et Psychisme Humains: Quelle
Ethique? [Human Brain: Which Ethics?] Paris:
Association Decartes and J. Libbey Eurotext 1996.
Kane R: The Significance of Free Will. New York:
Oxford University Press 1996.

Luria AR: The Man with a Shattered World: The History
of a Brain Wound. New York: Basic Books 1972.
Minsky M: The Society of Mind. New York: Simon and
Schuster 1986.

Nagel T: Equality and Partiality. Oxford and New
York: Oxford University Press 1991.

Pylyshyn ZW: Computation and Cognition: Toward a
Foundation for Cognitive Science. Cambridge, Mass.:
MIT Press 1984-.

Rolls ET: The Brain and Emotion. Oxford: Oxford
University Press 1999.

Taylor C: Sources of the Self: The Making of

Modern Identity. Cambridge, Mass.: Harvard
University Press 1989.

Since 2002, neuroscientific studies of moral thought,
emotions and behaviors have become known as — and a
part of — the relatively new discipline of neuroethics [2].
As a field, neuroethics’ focus is not limited to studies of
neural bases of morality, but also centers upon those
ethical issues that are fostered by neuroscientific re-
search and its various implications and applications in
clinical medicine and the public sphere. Thus, as the
tools and techniques of neuroscience become more so-
phisticated and precise, the questions raised by neurosci-
ence and neuroethics may be equally, or even more
pressing as those answered [3]. How can —and will-the
brain sciences inform concepts of morality, ethics and
law? Will understanding the structure and functions of
brain networks and processes involved in social interac-
tions, emotions and behaviors alter constructs of “free
will,” culpability, and responsibility? Can neuroscientific
information provide a basis for guiding how we should
behave, either as individuals or as actors-in-community?
Will the brain sciences foster a “new ethics” of neuroethics,
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and if so, how might these new ideas—and perhaps ideals—
comport with long held traditions and norms of morality
and ethics on an ever more pluralistic world stage?

The late William Safire concluded his introductory
remarks to the 2002 Dana Foundation conference
“Neuroethics —Mapping the Field” by congratulating the
attendees for tackling “...the challenge of carving out a
new territory for an old philosophical discipline” [4] by
examining the neural mechanisms of morality. The
following bibliography reflects this challenging “new
territory”, as presented in published works from 2002-
2013. These works are experimental, empirical, and/or
hypothetical. In some cases the position is inquisitive, in
others speculative, and in others a critical perspective is
taken (of approaches used to exemplify and study ethical
dilemmas, of the prior and current descriptions of psy-
chological processes of human relations, and of concepts
of morality and ethics, more generally).

Methods
Methods for systematically searching relevant literature
devoted to neuroethics are identical to those utilized in
Part 1 of this bibliography [5]. Search strategies utilizing
MeSH (Medical Subject Headings: http://www.ncbi.nlm.
nih.gov/mesh/) indexing terms were used for generating
bibliographies from PubMed and National Library of
Medicine (NLM) Catalog. MeSH includes ethics-related
terms developed for BIOETHICSLINE, a specialty data-
base devoted to bioethical issues produced for NLM by
the Kennedy Institute of Ethics from 1975-2000. Other
databases were searched using descriptors specific to
those databases. The searches were limited to work pub-
lished from 2002 to 2013.

The following databases were searched to produce this
bibliography:

1) PubMed (http://pubmed.gov):
Search Strategy: (morals[majr:noexp] AND
(neurosciences/ethics[majr:noexp] OR cognitive
science/ethics[majr] OR brain[majr:noexp]))

2) The NLM Catalog (http://www.ncbinlm.nih.gov/
nlmcatalog):
Search Strategy: (morals [majr:noexp] AND
(neurosciences/ethics[majr:noexp] OR cognitive
science/ethics[majr] OR brain[majr:noexp]))

3) Academic Search Premier:
Search Strategy: TX morality AND SU
neurosciences AND SU philosophy

4) Proquest Research Library:
Search Strategy: su (morality) AND su
(neurosciences)

5) JSTOR:
Search Strategy: ab:(moral) AND ab:(neuroscience)

6) WorldCat (http://www.worldcat.org).:
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Search Strategy: “cognitive neuroscience” and
“moral and ethical aspects” (as subject phrases)
7) Philosopher's Index:
Search Strategy: su(moral) AND su(neuroscience)
8) Embase:
Search Strategy: neuroscience:de AND morality:de
9) BELIT (http://www.drze.de/belit/).:
Search Strategy: neurosciences* [subject keywords]
and morality*[subject keywords]
10) Web of Knowledge/Web of Science (WoS):
Search Strategy: [topic] morality neurosciences
11) Digital Public Library of America (DPLA) (http://dp.la/):
Search Strategy: brain moral
12) Directory of Open Access Journals (DOAJ)
(http://www.doaj.org/):
Search Strategy: [search all] moral neurosciences
13) Hathi Trust Digital Library (http://www.hathitrust.
org/):
[any of these words] morality moral in Subject AND
[any of these words] neurosciences brain cognitive
in Subject
14) European Library (http://www.theeuropeanlibrary.
org/tel4/):
Search Strategy: [subject] moral AND [subject] brain
15) Internet Archive (http://archive.org/):
Search Strategy: morality AND brain
16) Globethics.net (http://www.globethics.net/):
Search Strategy: [keywords] moral AND neurosciences
17) Neuroethics-Wikiography (https://teamweb.uni-mainz.
de/fb05/Neuroethics):
Search Strategy: moral

As previously noted [5], open access bioethics’ journals
not contained in the Directory of Open Access Journals
(DOAJ) were individually accessed and searched; these
included:

1) Journal of Ethics and Social Philosophy from the
University of Southern California http://www.jesp.org/);

2) Journal of Mental Health Ethics from McMaster
University (http://www.jemh.ca/);

3) Journal of Practical Ethics (http://www.jpe.ox.ac.uk/)
from the Oxford Uehiro Centre for Practical Ethics
at the University of Oxford; and

4) Philosophers’ Imprint from the University of
Michigan (http://www.philosophersimprint.org/).

As in Part 1 of this bibliography [5], the RefWorks
citation manager program was utilized to eliminate du-
plicate reference citations.

Results
The following reference citations provide a listing of 397
articles, 65 books, and 52 book chapters that afford (1)
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empirical/experimental studies, overviews, and reviews
of neural substrates and mechanisms involved in moral-
ity and ethics, and/or (2) reflections upon such studies
and their implications.

e Abend G: Thick concepts and the moral brain.
Euro J Soc 2011, 52(1):143-172. doi:10.1017/s00039
75611000051.

e Abend G: What the science of morality doesn’t
say about morality. Philos Soc Sci 2013,
43(2):157-200. do0i:10.1177/0048393112440597.

e Adolphs R: The social brain: neural basis of social
knowledge. Annu Rev Psychol 2009, 60: 693:716.
doi:10.1146/annurev.psych.60.110707.163514.

e Adolphs R: Cognitive neuroscience of human
social behaviour. Nat Rev Neurosci 2003,

4(3): 165-178. d0i:10.1038/nrn1056.

e Agar N: Still afraid of needy post-persons. ] Med
Ethics 2013, 39(2):81-83. doi:10.1136/medethics-
2012-101095.

e Agar N: Why is it possible to enhance moral
status and why doing so is wrong? /] Med Ethics
2013, 39(2):67-74. doi:10.1136/medethics-2012-
100597.

e Ainslie G: Précis of breakdown of will. Behav
Brain Sci 2005, 28(5):635-673. doi:10.1017/S01
40525X05000117.

e Al-Delaimy WK: Ethical concepts and future
challenges of neuroimaging: an Islamic perspective.
Sci Eng Ethics 2012, 18(3):509-518. doi:10.1007/
$11948-012-9386-3.

e Arnason G: Neuroscience, free will and moral
responsibility. TRAMES-] Humanit Soc 2011,
15(2):147-155. d0i:10.3176/tr.2011.2.03.

e Arnason G: Neuroimaging, uncertainty, and the
problem of dispositions. Camb Q Healthc
Ethics 2010, 19(2):188-195. doi:10.1017/S0963180
109990454

e Avram M et al.: Neurofunctional correlates of
esthetic and moral judgments. Neurosci Lett 2013,
534:128-132. d0i:10.1016/j.neulet.2012.11.053.

e Azzone GF: The biological foundations of
culture and morality. Rendiconti Lincei 2008,

19 (2):189-204.d0i:10.1007/s12210-008-0011-y.

e Baertschi B: Neurosciences et neuroéthique: qui
se ressemble s’assemble. Rev Med Suisse 2005,
1(34):2225-2229.

e Baertschi B: Neurosciences et responsabilité morale:
un argument en faveur du compatibilisme. Revue
de Theologie et de Philosophie 2011, 143(3):257-272.

e Bahnemann M et al.: Sociotopy in the
temporoparietal cortex: common versus distinct
processes. Soc Cogn Affect Neurosci 2010, 5(1):48-58.
doi:10.1093/scan/nsp045.
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Banja J: Virtue essentialism, prototypes, and the
moral conservative opposition to enhancement
technologies: a neuroethical critique. AJOB
Neurosci 2011, 2(2):31-38. do0i:10.1080/21507740.
2011.556918.

Barandiaran X, Ruiz-Mirazo K: Modelling autonomy:
simulating the essence of life and cognition. Intro-
duction. Biosystems 2008, 91(2):295-304. doi:10.1016/
j.biosystems.2007.07.001.

Barbey AK, Krueger F, Grafman J. An evolutionarily
adaptive neural architecture for social reasoning.
Trends Neurosci 2009, 32(12):603-610. doi:10.1016/j.
tins.2009.09.001.

Barraza JA, McCullough ME, Ahmadi S, Zak PJ:
Oxytocin infusion increases charitable

donations regardless of monetary resources.

Horm Behav 2011, 60(2):148—151. doi:10.1016/
j.yhbeh.2011.04.008.

Bartels DM: Principled moral sentiment and

the flexibility of moral judgment and decision
making. Cognition 2008, 108(2):381-417. doi:10.
1016/j.cognition.2008.03.001.

Basile B et al.: Deontological and altruistic guilt:
evidence for distinct neurobiological substrates.
Hum Brain Mapp 2011, 32(2):229-239. doi:10.
1002/hbm.21009.

Bellino RM: Free will in the eye of neuroscientific
reductionism: the need for a philosophical
foundation of moral neuropsychology. History
& Philosophy of Psychology 2009, 11(1):12-16.
Benedetti F et al.: Neural and genetic correlates of
antidepressant response to sleep deprivation: a
functional magnetic resonance imaging study of
moral valence decision in bipolar depression.
Arch Gen Psychiatry 2007, 64(2):179-187. doi:10.
1001/archpsyc.64.2.179.

Berker S: The normative insignificance of
neuroscience. Philos Public Aff 2009, 37(4):293-329.
doi:10.1111/j.1088-4963.2009.01164.x.

Berns GS, Atran S: The biology of cultural
conflict. Philos Trans R Soc Lond B Biol Sci 2012,
367(1589):633-639. d0i:10.1098/rstb.2011.0307.
Berns GS et al.: Neurobiological correlates of
social conformity and independence during
mental rotation. Biol Psychiatry 2005, 58(3):245—
253. doi:10.1016/j.biopsych.2005.04.012.

Berns GS et al.: The price of your soul: neural
evidence for the non-utilitarian representation
of sacred values. Philos Trans R Soc Lond B

Biol Sci 2012, 367(1589):754-762. doi:10.1098/
rstb.2011.0262.

Berthoz S et al.: Affective response to one’s own
moral violations. Neuroimage 2006, 31(2):945-950.
doi:10.1016/j.neuroimage.2005.12.039.



Darragh et al. Philosophy, Ethics, and Humanities in Medicine (2015) 10:2

Berthoz S, Armony JL, Blair R], Dolan R]: An
fMRI study of intentional and unintentional
(embarrassing) violations of social norms. Brain
2002, 125 (Pt. 8):1696-1708. do0i:10.1093/brain/
awf190.

Bertschinger N, Olbrich E, Ay N, Jost J: Autonomy:
an information theoretic perspective. Biosystems
2008, 91(2):331-345.doi:10.1016/j.biosystems.2007.05.
018.

Bird S: Ethics on the brain. Science & Spirit 2006,
17(4):65-67.

Blair RJR: The amygdala and ventromedial
prefrontal cortex in morality and psychopathy.
Trends Cogn Sci 2007, 11(9):387-392. d0i:10.1016/j.
tics.2007.07.003.

Blair | et al.: Neuro-cognitive systems involved

in morality. Philosophical Explorations:

An International Journal for the Philosophy

of Mind and Action 2006,

9(1):13-27. d0i:10.1080/13869790500492359.

Boden MA: Autonomy: what is it? Introduction.
Biosystems 2008, 91(2):305-308.
doi:10.1016/j.biosystems.2007.07.003.

Bok H: The implications of advances in
neuroscience for freedom of the

will. Neurotherapeutics 2007,

4(3):555-559. d0i:10.1016/j.nurt.2007.04.001.
Bonete E: Neuroethics in Spain: neurological
determinism or moral freedom?

Neuroethics 2013,

6(1):225-232. d0i:10.1007/s12152-012-9151-y.

Borg JS et al.: Consequences, action, and
intention as factors in moral judgments:

an fMRI investigation. /] Cogn Neurosci 2006,
18(5):803-817. doi:10.1162/jocn.2006.18.5.803.
Borg JS, Sinnott-Armstrong W, Calhoun VD,

Kiehl KA: Neural basis of moral verdict and
moral deliberation. Soc Neurosci 2011,
6(4):398-413. doi:10.1080/17470919.2011.559363.
Borg JS, Lieberman D, Kiehl KA: Infection, incest,
and iniquity: investigating the neural correlates
of disgust and morality. /] Cogn Neurosci 2008,
20(9):1529-1546. doi:10.1162/jocn.2008.201009.
Boyd GW: The body, its emotions, the self,

and consciousness. Perspect Biol Med 2012,
55(3):362-377. doi:10.1353/pbm.2012.0031.

Brosch T, Sander D: Neurocognitive mechanisms
underlying value-based decision-making:

from core values to economic value. Front Hum
Neurosci 2013, 7:398. doi:10.3389/fnhum.2013.00398.
Brosnan SF: An evolutionary perspective on
morality. Journal of Economic Behavior

& Organization 2011, 77(1):23-30.
doi:10.1016/j.jebo.2010.04.008.
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Bruni T: Ventromedial prefrontal cortex

lesions and motivational internalism.

AJOB Neurosci 2012, 3(3):19-23.
doi:10.1080/21507740.2012.694389.

Bruni T: Neuroscience and moral reliability.
AJOB Neurosci 2011, 2(2):15-17.
doi:10.1080/21507740.2011.559913.

Buford C, Allhoff F: Neuroscience and
metaphysics. Am ] Bioeth 2005,

5(2):34-36. d0i:10.1080/15265160590960258.
Buford C, Allhoff F: Neuroscience and
metaphysics (redux). Am ] Bioeth 2007,
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Buller T: Morality in a blur. Am J Bioeth 2008,
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function. Camb Q Healthc Ethics 2010,
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2012, 217(4):783-796. doi:10.1007/s00429-012-0380-y.
Céceda R et al.: Mode of effective connectivity
within a putative neural network differentiates
moral cognitions related to care and justice
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Cacioppo JT et al. Just because you're imaging
the brain doesn't mean you can stop using
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personality: scientific evidence and ethical
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Casebeer WD: Moral cognition and its

neural constituents. Nat Rev Neurosci 2003,
4(10):840-846. doi:10.1038/nrn1223.
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eine neue Moral?: Herausforderungen der Ethik ant to ask if such approaches to studying (moral) cogni-
durch die Neurowissenschaft. Edited by Gilbert tion and actions are technically apt, valid, and therefore
Scharifi. Paderborn: Mentis; 2011:181-198. of any real value [3,8]. Will necessary review, oversight
e Suhler C, Churchland PS: The neurobiological and guidance be developed to direct and regulate if and
basis of morality. In The Oxford Handbook of how such research should or should not be conducted
Neuroethics. Edited by Judy Illes, Barbara J. and translated into clinical treatments? Might studies of
Sahakian. Oxford, U.K.: Oxford University Press; the putative neural bases of moral thought and action
2013:33-58. establish trends to engage these substrates and mecha-
e Tancredi L: Neuroscience and morality. In his nisms in the clinical practices of neurology and psych-

Hardwired Behavior: What Neuroscience Reveals iatry, and/or establish a basis for boutique, socially-,
about Morality. New York: Cambridge University legally-, or politically-oriented interventions aimed at al-

Press; 2005:1-11. tering moral cognition and behaviors? Part 3 of this
e Tancredi L: Morality and the mind. In his series will present a current bibliography of these and
Hardwired Behavior: What Neuroscience Reveals  other neuroethical issues germane to clinical medicine.
about Morality. New York: Cambridge University In addition to implications for clinical care, neuroscien-
Press; 2005:12—-24. tific studies of cognition, emotion and behavior can be —
e Tancredi L: The moral brain. In his Hardwired and are increasingly — leveraged in legal and social
Behavior: What Neuroscience Reveals about Morality.  contexts, which must be considered on an international
New York: Cambridge University Press; 2005:34—45. scale [9,10]. How, for example, might neuroscientific in-
e Tancredi L: Creating a moral brain. In Hardwired  sights to the concept of free will incur consequences for
Behavior: What Neuroscience Reveals about questions of legal culpability? Can neuroscience provide
Morality. New York: Cambridge University Press; metrics for, and standards of psychosocial “normality” and
2005:162-176. “abnormality” that are valid and viable within and across
e Tancredi LR: The bad brain: biology of moral cultures? How will neuroscience and neurotechnologies
thinking. In The Variables of Moral Capacity. be employed upon the twenty first century world stage to
Edited by David C. Thomasma and David N. affect human health and capability, and evoke economic
Weisstub. Dordrecht: Kluwer; 2004:235-257. and political balances of power? Literature addressing
e Zoloth L: Being in the world: neuroscience and these issues and questions will be presented in Part 4 of

the ethical agent. In Neuroethics: Defining the  this bibliographic series. When taken together, we hope
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that this bibliography will elucidate the literature that is
representative of the first ten years of this field, provide a
historical view of this discipline’s growth, and afford
insight to its developing canon.
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