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1. The Religious Orders Study
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1. Transcranial magnetic stimulation
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1. Action potential
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l. Perceptual histability
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1. The teenage brain and increased self-consciousness
Somerville, LH, Jones, RM, Ruberry, EJ, Dyke, IP, Glover, G & Casey, Bl
(2013) “The medial prefrontal cortex and the emergence of self-conscious emo-

tion in adolescence.” Psychological Science, 24(8), 155462,
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2. Number of cells in the brain

Also, note that there are an equal number of neurons and glial cells, about eighty-
six billion of each in the whole human brain.

Azevedo, FAC, Carvalho, LRB, Grinberg, LT, Farfel, JM, Ferretti, REL, Leite,
REP & Herculano-Houzel, S (2009) “Equal numbers of neuronal and nonneuronal

cells make the human brain an isometrically scaled-up primate brain.” The Journal
of Comparative Neurology, 513(5), 532-41.
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3. Nun study
Wilson, RS et al “Participation in cognitively stimulating activities and risk of
incident Alzheimer disease.” Jama 287.6 (2002), 74248,

Bennett, DA et al “Overview and findings from the religious orders study.” Cur-
rent Alzheimer Research 9.6 (2012): 628,
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4. Hollow mask illusion

Gregory, Richard (1970) The Intelligent Eve. London: Weidenfeld & Nicolson,

Kroliczak, G, Heard, P, Goodale, MA & Gregory, RL (2006) “Dissociation of

perception and action unmasked by the hollow-face illusion.” Brain Res. 1080

(1): 9-16.
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5. The power of the unconscious brain

Eagleman, DM (2011) Incognito: The Secret Lives of the Brain. Pantheon.
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6. Trolley dilemma
Foot, P (1967) *The problem of abortion and the doctrine of the double effect.”
Reprinted in Virtues and Vices and Other Essays in Moral Philosophy (1978).
Blackwell.
Greene, JD, Sommerville, RB, Nystrom, LE, Darley, JM & Cohen, JD (2001)

“An IMRI investigation of emotional engagement in moral judgment.” Science,
293(5537), 2105-8.
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7. The power of now

Dixon, ML (2010} “Uncovering the neural basis of resisting immediate gratifi-
cation while pursuing long-term goals.” The Journal of Neuroscience, 30(18),

6178-9.
Kable, IW & Glimcher, PW (2007) “The neural correlates of subjective value
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during intertemporal choice.” Nature Neuroscience, 10(12), 1625-33.
McClure, SM, Laibson, DI, Loewenstein, G & Cohen, JD (2004} *Separate
neural systems value immediate and delayed monetary rewards.” Science,
306(5695), 503-7.
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8. Reading emotion by simulating others’ faces

Goldman, Al & Sripada, CS (2005) “Simulationist models of face-based emo-
tion recognition.” Cognition, 94(3).

Niedenthal, PM, Mermillod, M, Maringer, M & Hess, U (2010) *“The simulation
of smiles (SIMS)

model: embodied simulation and the meaning of facial expression.” The Behav-
ioral and Brain Sciences, 33(6), 417-33; discussion 433-80.

Zajonc, RB, Adelmann, PK, Murphy, 5T & Niedenthal, PM (1987) “Conver-
gence in the physical appearance of spouses.” Motivation and Emotion, 11(4),
335-46.
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9. Botox diminishes the ability to read faces

Neal, DT & Chartrand, TL (2011) "Embodied emotion perception amplifying
and dampening facial feedback modulates emotion perception accuracy.” Social
Psychological and Personality Science, 2(6), 6733,



"n.,.....':.--'_'-.‘-.:,.u'-.:.'_'_.ri_q Y. ¥

A3 g edj WSUpaS JlS aseli Cdsic) coaall S S S0 S
S i J 28 ﬂj)f 2l Bl S35 g UVY ,-;;'I_‘,.’f.p bl e 4 D2 g 0

10. Psychopaths and the prefrontal cortex
Koenigs, M (2012) “The role of prefrontal cortex in psychopathy.” Reviews in
the Neurosciences, 23(3), 253-62.
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11. Computation on other substrates
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12. Chinese Room Argument
Searle, JR (1980) “Minds, brains, and programs.” Behavioral and Brain Scienc-
es, 3(03), 417-24,
S ar SIS o i BBl o GU 5 (G ek i b des
$25 LS 5 58 ) aes (pl Wl il b o 0L aer SUL 15

13. Leibniz’ mill argument
Leibniz, GW (1989) The Monadology. Springer.
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CHAPTER 1 = WHO AM I?

The teenage brain and increased self-consciousness

Somerville, LH, Jones, RM, Ruberry, EJ, Dyvke, JP, Glover, G & Casey, BJ (2013) “The medial
prefrontal cortex and the emergence of self-conscious emotion in adolescence.” Psychological
Science, 24(8), 1654-62.

Note the authors also found increased connection strength between the medial prefrontal
cortex and another brain region called the striatum. The striatum, and its network of
connections, s invelved in fwrning motivations into actions. The authors suggest this
connectivity may explain why social considerations strongly drive behavior in teens and why
they're more likely to take risks in the presence of peers.

Bjork, JM, Knutson, B, Fong, GW, Caggiano, DM, Bennett, SM & Hommer, DW (2004)
“Incentive-glicited brain activation in adolescents: similarities and differences from young
adults.” The Journal of Neuroscience, 24(8), 1793-1802.

Spear, LP (2o00) “The adolescent brain and age-related behavioral manifestations.”
Neuroscience and Biobehavioral Reviews, 24(4), 417-63.

Heatherton, TF (2011) “Neuroscience of self and self-regulation.” Annual Review of Psychology,
62, 363-90.

Cab drivers and The Knowledge

Maguire, EA, Gadian, DG, Johnsrude, |5, Good, CD, Ashburner, J, Frackowiak, RS & Frith, CD
(2zo00) “Navigation-related structural change in the hippocampi of taxi drivers.” Proceedings of
the National Academy of Sciences of the United States of America, 97(8), 4398—4403.

Number of cells in the brain
Also, note that there are an equal number of neurons and glial cells, about eighty-six billion of

each in the whole human brain.

Azevedo, FAC, Carvalho, LRB, Grinberg, LT, Farfel, JM, Ferretti, REL, Leite, REP & Herculano-
Houzel, 5 (20090) “Equal numbers of neuronal and nonneuronal cells make the human brain an
isometrically scaled-up primate brain.” The Journal of Comparative Neurology, 513(5), 532-41

Estimates of the numbers of connections (synapses vary widely), but a quadrillion (that is, one
thousand billion) is a reasonable ballpark estimate, if one assumes almost one hundred billion
neurons with about ten thousand connections each. Some neuronal types have fewer synapses;
others (such as Purkinje cells) have many more — about 200,000 synapses each.

Also see the encyclopedic collection of numbers on Eric Chudler’s “Brain Facts and Figures™:
faculty washington.edu! chudler/ facts xhtmil.

Musicians have better memory

Chan, AS, Ho, ¥ C & Cheung, MC (1998) “Music training improves verbal memory.” Nature,



396{6707).

Jakobson, LS, Lewycky, ST, Kilgour, AR & Stoesz, BM (2008) “Memory for verbal and visual
material in highly trained musicians.” Music Perception, 26(1), 41-55.

Einstein’s brain and the Omega sign
Falk, D (2009) “New information about Albert Einstein's Brain.” Frontiers in Evolutionary

Neuroscience, 1.

See also Bangert, M & Schlaug, G (2006) “Specialization of the specialized in features of external
human brain morphology.” The European Journal of Neuroscience, 24(6), 1832-4.

Memory of the future

Schacter, DL, Addis, DR & Buckner, RL (2007) “Remembering the past to imagine the future:
the prospective brain.” Nature Reviews Neuroscience, 8(9), 657-61

Corkin, S (2013) Permanent Present Tense: The Unforgettable Life Of The Amnesic Patient.
Basic Books.

Nun study

Wilson, RS et al “Participation in cognitively stimulating activities and risk of incident
Alzheimer disease.” Jama 287.6 (2002), 742-48.

Bennett, DA et al "Overview and findings from the religious orders study.” Current Alzheimer
Research 9.6 (2012): 628.

In their autopsy samples, the researchers found that half of the people with no cognitive
troubles had signs of brain pathology, and one third met the pathologic threshold for
Alzheimer's disease. In other words, they found widespread signs of disease in the brains of the
deceased — but these pathologies only accounted for about half of an individual’s likelihood of
cognitive decline. For more on the Religious Orders Study, see wune.rush.edu/services-
treatments/alzheimers-disease-center/religious-orders-study

Mind—-Body problem

Descartes, R (2008) Meditations on First Philosophy (Michael Moriarty translation of 1641 ed.).
Owford University Press.



CHAPTER 2 — WHAT IS REALITY?

Visual illusions

Eagleman, DM (2oo01) "Visual illusions and neurobiology.” Nature Reviews Neuroscience. 2(12),
920-6.

Prism goggles
Brewer, AA, Barton, B & Lin, L (2012) "Functional plasticity in human parietal visual field map

clusters: adapting to reversed visual input.” Journal of Vision, 12(9), 1398.

Note that after the experiment has concluded and volunteers remove their goggles, it takes a
day or twe for them to refurn to normal proficiency as the brain refigures everything out.

Wiring the brain by interacting with the world

Held, R & Hein, A (1963) “Movement-produced stimulation in the development of visually
guided behavior.” Journal of Comparative and Physiological Psychology, 56 (5), 872-6.

Synchronizing the timing of signals

Eagleman, DM (2008) “Human time perception and its illusions.” Current Opinion in
Neurobiology. 18(2), 131-36,

Stetson C, Cui, X, Montague, PR & Eagleman, DM (2006) “Motor-sensory recalibration leads to
an illusory reversal of action and sensation.” Neuron. 515}, 651-9.

Parsons, B, Novich SD & Eagleman DM (2013) “Motor-sensory recalibration modulates
perceived simultaneity of cross-modal events.” Frontiers in Psychology. 4:46.

Hollow mask illusion
Gregory, Richard (1970) The Intelligent Eye. London: Weidenfeld & Nicolson.

Kroliczak, G, Heard, P, Goodale, MA & Gregory, RL {2006) “Dissociation of perception and
action unmasked by the hollow-face illusion.” Brain Res. 1080 (1): 9-16.

As an interesting side note, people with schizophrenia are less susceptible to seeing the hollow
mask illusion:

Keane, BP. Silverstein, SM, Wang, ¥ & Papathomas, TV (2013) “Reduced depth inversion
illusions in schizophrenia are state-specific and occur for multiple object types and wviewing
conditions.” J Abnorm Psychol 122 (2); 506-12,

Synesthesia

Cytowic, R & Eagleman, DM (2009) Wednesday is Indigo Blue: Discovering the Brain of
Synesthesia. Cambridge, MA: MIT Press.

Witthoft N, Winawer J, Eagleman DM (2015) “Prevalence of learned grapheme-color pairingsin



a large online sample of synesthetes.” PLoS ONE. 1I]|'_3] e0118996.

Tomson, SN, Narayan, M, Allen, Gl & Eagleman DM (2013) “Neural networks of colored
sequence synesthesia.” Journal of Neuroscience. 33(35), 14098-106.

Eagleman, DM, Kagan, AD, Nelson, SN, Sagaram, D & Sarma, AK (2007) “A standardized test
battery for the study of Synesthesia.” Journal of Neuroscience Methods. 159, 139-45,

Timewarp

Stetson, C, Fiesta, M & Eagleman, DM (2007) Dnes&mereaﬂysluwduwndurmga&ightenmg
event?” PloS One, 2(12), 1295




CHAPTER 3 — WHO'S IN CONTROL?

The power of the unconscious brain
Eagleman, DM (2011) Incognito: The Secret Lives of the Brain. Pantheon.

A handful of concepts 1 chose to include in The Brain overlap with material in |ncognito. This
includes the cases of Mike May, Charles Whitman, and Ken Parks, as well as Yarbus' eye
tracking experiment, the trolley dilemma, the mortgage meltdown, and the Ulysses contract.
In constructing the scaffolding for the present project, these contact points were deemed to be
tolerable in part because the topics are discussed in a different manner and often for distinct
puUrposes.

Dilated eves and attractiveness

Hess, EH (1975) “The role of pupil size in communication,” Scientific American, 233(5), 110-12.

Flow state

Kotler, 5(2014) The Rise of Superman: Decoding the Science of Ultimate Human Performance.
Houghton Mifflin Harcourt.

Subconscious influences on decision making

Lobel, T (2014) Sensation: The New Science of Physical Intelligence. Smon & Schuster.

Williams, LE & Bargh, JA (2008) “Experiencing physical warmth promotes interpersonal
warmth.” Science, 322(5901), 606-7.

Pelham, BW, Mirenberg, MC & Jones, JT (2002) “Why Susie sells seashells by the seashore:
implicit egotism and major life decisions,” Journal of Personality and Social Psychology 82,
469-87.



CHAPTER 4 = HOW DO 1 DECIDE?

Decision making

Montague, R (2007) Your Brain is (Afmost) Perfect: How We Make Decisions. Plume.

Coalitions of neurons

Crick, F & Koch, C (2003) "A framework for consciousness.” Nature Neuroscience, 6(2), 119-26.

Trolley dilemma
Foot, P (1067) “The problem of abortion and the doctrine of the double effect.,” Reprinted in
Virtues and Vices and Other Essays in Moral Philosophy (1978). Blackwell.

Greene, JD, Sommerville, RB, Nystrom, LE, Darley, JM & Cohen, JD (2001) “An fMRI
investigation of emotional engagement in moral judgment.” Seience, 293(5537), 2105-8.

Note that emotions are measurable physical responses caused by things happening. Feelings, on
the other hand, are the subjective experiences that sometimes accompany these bodily markers —
what people commonly think of as the sensations of happiness, envy, sadness, and so on.

Dopamine and unexpected reward

Zaghloul, KA, Blanco, JA, Weidemann, CT, McGill, K, Jaggi, JL, Baltuch, GH & Kahana, MJ
(2zoog) “Human substantia nigra neurons encode unexpected financial rewards.” Science,
323(5920), 1496-9.

Schultz, W, Dayan, F & Montague, PR (1997) “A neural substrate of prediction and reward.”
Seience, 275(5306), 1593-9.

Eagleman, DM, Person, C & Montague, PR (1998) “A computational role for dopamine delivery
in human decision-making.” Journal of Cognitive Neuroscience, 10(5), 623-30,

Rangel, A, Camerer, C & Montague, PR (2008) “A framework for studying the neurobiology of
value-based decision making.” Nature Reviews Neuroscience, 9(7), 545-56.
Judges and parole decisions

Danziger, S, Levav, J & Avnaim-Pesso, L (2011) “Extranecus factors in judicial decisions.”
Proceedings of the National Academy of Sciences of the United States of America, 108(17),
6889- 92.

Emotions in decision making

Damasio, A (2008) Descartes’ Error: Emotion, Reason and the Human Brain. Random House.

The power of now

Dixon, ML (2010) "Uncovering the neural basis of resisting immediate gratification while
pursuing long-term goals.” The Journal of Neuroscience, 30(18), 6178-9.



Kable, JW & Glimcher, PW (2007) “The neural correlates of subjective wvalue during
intertemporal choice.” Nature Neuroscience, 10(12), 162533,

McClure, SM, Laibson, DI, Loewenstein, G & Cohen, JD (2004) “Separate neural systems value
immediate and delayed monetary rewards.” Science, 306(5695), 503-7.

The power af the immediate applies not just to things right now, but also right here. Consider
this scenario proposed by philosopher Peter Singer: as you're about to tuck into a sandwich,
you look out the window and see a child on the sidewalk, starving, a tear running down his
gaunt cheek. Might you give up your sandwich te the child, or would you simply eat it
yourself? Most people feel happy to offer the sandwich. But right now, in Africa, there is that
same child, starving, just like the boy on the corner, All it would take 15 a click of your mouse fo
send $5, the equivalent cost of that sandwich. Yet it's likely that you havent sent over any
sandwich money to him today, or even recently, despite your charitableness in the first
scenario. Why haven't you acted to help him? It's because the first scenario puts the child right
in front of you. The second requires you to imagine the child.

Willpower

Muraven, M, Tice, DM & Baumeister, RF (1998} “Self-control as a limited resource: regulatory
depletion patterns.” Journal of Personality and Social Psychology, 74(3), 774.

Baumeister, RF & Tierney, J (2011) Willpower: Rediscovering the Greatest Human Strength.
Penguin.
Politics and disgust

Ahn, W-Y , Kishida, KT, Gu, X, Lohrenz, T, Harvey, A, Alford, JR & Dayan, P (2014) evoke
“Monpolitical images neural predictors of political ideology.” Current Biology, 24{22),
2693-9.

Oxvtocin

Scheele, D, Wille, A, Kendrick, KM, Stoffel-Wagner, B, Becker, B, GuntUrkun, O & Hurlemann,
R (2013) "Oxytocin enhances brain reward system responses in men viewing the face of their
female partner.” Proceedings of the National Academy of Sciences, 110(50), 20308-313.

Zak, PJ (2012) The Moral Molecule: The Source of Love and Prosperity. Random House.

Diecisions and society

Levitt, SD (2004) “Understanding why crime fell in the 199o0s: four factors that explain the
decline and six that do not.” Journal of Economic Perspectives, 163-90.

Eagleman, DM & Isgur, S (2012). "Defining a neurocompatibility index for systems of law”. In
Law of the Future, Hague | nstitute for the Internationalisation of Law. 1{2012), 161-172.

Real-time feedback in neuroimaging
Eagleman, DM (2011) Incognito: The Secret Lives of the Brain, Pantheon.



CHAPTER 5 - DO I NEED YOU?

Reading intention into others

Heider, F & Simmel, M (1044) “An experimental study of apparent behavior.” The American
Journal of Psychology, 243-59,

Empathy
Singer, T, Seymour, B, O'Doherty, J, Stephan, K, Dolan, R & Frith, C (2z006) "Empathic neural
responses are modulated by the perceived fairness of others.” Nature, 439(7075), 466-9.

Singer, T, Sevmour, B, O'Doherty, J, Kaube, H, Dolan, R & Frith, C (2004) "Empathy for pain
involves the affective but not sensory components of pain.” Science, 303(5661), 1157-62.
Empathy and outgroups

Vaughn, DA, Eagleman, DM (2010} “Religious labels modulate empathetic response to another’s
pain.” Society for Neuroscience abstract.

Harris, LT & Fiske, ST (2011). “Perceiving humanity.” In A. Todorov, S. Fiske, & D. Prentice
(eds.). Social Neuroscience: Towards Understanding the Underpinnings of the Social Mind,
COxford Press,

Harris, LT & Fiske, ST (2zo007) “Social groups that elicit disgust are differentially processed in the
mPFC.” Social Cognitive Affective Neuroscience, 2, 45-51

Circuitry of the brain devoted to other brains

Plitt, M, Savjani, RR & Eagleman, DM (2015) “Are corporations people too? The neural correlates of
moral judgments about companies and individuals.” Social Neuroscience, 10(2), 113-25.

Babies and trust

Hamlin, JK, Wynn, K & Bloom, P (2007) “Social evaluation by preverbal infants.” Nature,
450(7169), 557-59.

Hamlin, JK, Wynn, K, Bloom, P & Mahajan, N (2011) "How infants and toddlers react to
antisocial others,” Proceedings of the National Academy of Sciences, 108(50), 19931-36.

Hamlin, JK & Wynn, K (2011) “Y oung infants prefer prosocial to antisocial others.” Cognitive
Development, 2011, 26(1):30-39. doi:10.1016/ j.cogdev.2010.09.001

Bloom, P (2013) Just Babies: The Origins of Good and Evil. Crown,

Reading emotion by simulating others’ faces

Goldman, Al & Sripada, CS (2oo05) “Simulationist models of face-based emotion recognition.”
Cognition, 94(3).

Miedenthal, PM, Mermillod, M, Maringer, M & Hess, U (2010) “The simulation of smiles {SIMS)



model: embodied simulation and the meaning of facial expression.” The Behavioral and Brain
Seiences, 33(6), 417-33; discussion 433—80.

Zajonc, RB, Adelmann, PK, Murphy, ST & Niedenthal, PM (1987) “Convergence in the physical
appearance of spouses.” Motivation and Emotion, 11{4), 335-46.

Regarding the TMS experiment with John Robison, Professor Pascual-Leone reports: “We
don't know exactly what happened neurobiologically, but I' think it now offers the opportunity
for us to understand what behavioral modifications, what interventions might be possible to
learn from [John's case] that we can then teach others.”

Botox diminishes the ability to read faces

Neal, DT & Chartrand, TL (2011) “Embodied emotion perception amplifying and dampening
tacial feedback modulates emotion perception accuracy.” Social Psychological and Personality
Science, 2(6), 673-8,

The effect is a small one, but significant: the Botox users showed 70% accuracy in identifying
the emotions, while the control group averaged 77%.

BaronCohen, S, Wheelwright, S, Hill, J, Raste, Y & Plumb, I {(2001) “The ‘Reading the Mind in
the Eves’ test revised version: A study with normal adults, and adults with Asperger syndrome
or highfunctioning autism.” Journal of Child Psychology and Psychiatry, 42(2), 241-51
Romanian orphans

Nelson, CA (2007) "A neurobiclogical perspective on early human deprivation.” Child
Development Perspectives, 1{1), 13-18.

The pain of social exclusion
Eisenberger, NI, Lieberman, M D & Williams, KD (2003) "Does rejection hurt? An fMRI study of
social exclusion.” Science, 302(5643), 290-92.

Eisenberger, NI & Lieberman, MD (2004) *"Why rejection hurts: a common neural alarm system
tor physical and social pain.” Trends in Cognitive Sciences, 8(7), 294-300,
Solitary confinement

Beyond our interviews with Sarah Shourd for the television series, see also:
Pesta, A (2014) ‘Like an Animal": Freed U.5. Hiker Recalls 410 Days in Iran Prison. NBC News.

Psychopaths and the prefrontal cortex

Koenigs, M (2o12) “The role of prefrontal cortex in psychopathy.” Reviews in the Neurosciences,
23(3), 263-62.

The areas that activate differently in psychopaths are two neighboring regions of the midline
part of the prefrontal cortex: the ventromedial PFC and anterior cingulate cortex. These areas
are both commonly seen in studies of social and emotional decision making, and they're down-
regulated in psychopathy.

Blue eyes brown eves experiment
Transcript quoted from A Class Divided, original broadcast: March 26th 1985. Produced and



directed by William Peters. Written by William Peters and Charlie Cobb.




CHAPTER 6 - WHO WILL WE BE?

Number of cells in the human body

Bianconi, E, Piovesan, A, Facchin, F, Beraudi, A, Casadei, R, Frabetti, F & Canaider, 5 (2013) "An
estimation of the number of cells in the human body.” Annals of Human Biology, 40(6), 463-T1
Brain plasticity

Eagleman, DM (in press). LiveWired: How the Brain Rewires Itself on the Fly. Canongate.

Eagleman, DM (March 17th 2015). David Eagleman: “Can we create new senses for humans?”

TED conference. [Video filg].
http://www. ted.com/talks david_eagleman can we create new_ senses for_humans?

Movich, 8D & Eagleman, DM (2015) “Using space and time to encode vibrotactile information:
toward an estimate of the skin’s achievable throughput.,” Experimental Brain Research, 1-12.
Cochlear implants

Chorost, M (2005) Rebuilt; How Becoming Part Computer Made Me More Human. Houghton
Mifflin Harcourt.

Sensory substitution
Bach-y-Rita, P, Collins, C, Saunders, F, White, B & Scadden, L (1969) “Vision substitution by
tactile image projection.” Nature, 221{5184), 963-4.

Danilov, Y & Tyler, M (2005) “Brainport: an alternative input to the brain.” Journal of
Integrative Neuroscience, 4(04), 537-50.
The connectome: making a map of all the connections in a brain

Seung, 2(2012) Connectome: How the Brain's Wiring Makes Us Who We Are, Houghton
Mifflin Harcourt.

Kasthuri, N et al (2015) “Saturated reconstruction of a volume of neccortex.” Cell: in press.

Image credit for volume of mouse brain: Daniel R Berger, H Sebastian Seung & Jeff W.
Lichtman.

The Human Brain Project

The Blue Brain Project: http://bluebrain.epfl.eh. The Blue Brain team has joined with
approximately eighty-seven international partners to drive the Human Brain Project (HBFP).

Computation on other substrates

Building computational devices on strange substrates has a long history: an early analog
computer called the Water Integrator was built in the Soviet Union in 1936.

More recent examples of water computers use microfluidics - see:



Katsikis, G, Cybulski, JS & Prakash, M (2015) “Synchronous universal droplet logic and control.”
Nature Physics.

Chinese Room Argument
Searle, JR (1980) “Minds, brains, and programs.” Behavioral and Brain Sciences, 3(03), 417-24.

Not everyone agrees with this interpretation of the Chinese Room. Some people suggest that
although the operator doesn’t understand Chinese, the system as a whole (the operator plus the
books) does understand Chinese.

Leibniz’ mill argument
Leibniz, GW (1989) The Monadology. Springer.

Here's the argument in Leibniz’ own words:

Maoreover, it must be confessed that perception and that which depends upon it are
inexplicable on mechanieal grounds, that is to say, by means of figures and motions. And
supposing there were a machine, so constructed as to think, feel, and have perception, it
might be conceived as increased in size, while keeping the same proportions, so that one
might go into it as into a mill. That being so, we should, on examining its interior, find
only parts which work one upon another, and never anything by which to explain a
perception. Thus it is in a simple substance, and not in a compound or in a machine, that
perception must be sought for. Further, nothing but this (namely, perceptions and their
changes) can be found in a simple substance. It is also in this alone that all the internal
activities of simple substances can eonsist.

Ants

Hdlldobler, B & Wilson, EO (2010) The Leafcutter Ants: Civilization by Instinct. WW Norton &
Company.

Consciousness

Tononi, G (2012) Phi: A Voyage from the Brain to the Soul. Pantheon Books.
Koch, C{2004) The Quest for Consciousness. New Y ork.

Crick, F & Koch, C (2003) “A framework for consciousness,” Nature Neuroscience, 6(2), 119-26,



