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Brain Function

New Neuroscience Technologies and Their Ethical Implications

| S—

by MARTHA |. FARAHM AND PauL ROOT WOLPE

The eye may be window to the soul, but neuroscientists am to get inside and measure the interior

directly. There’s also talk about moving some walls.
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R Electroencephalography - EEG

R Magnetoencephalography - (MEG)

R Single cell recording - 7712 23¥ Xnn OW°7
R CT, MRI - n°1an nomin 770

&R PET, fMRI - no5R11EP19 DA A7,

R Eye tracking - 01y myin v



Trends Neurosci. 2006 September ; 29(9): 511-517.
Neuroethics: a modern context for ethics in neuroscience

Judy llles! and Stephanie J. Bird?2

Emerging ethical issues in
neuroscience

Martha J. Farah

There is growing public awareness of the ethical issues raised by progress in many areas of
neuroscience. This commentary reviews the issues, which are triaged in terms of their novelty
and their imminence, with an exploration of the relevant ethical principles in each case.






Electroencephalogram (EEG)

Copyright ® The MoGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Locked-in-Syndrome
Neurofeedback

Fig.1 Trammng patient HPS in
his home: on the righr side 15
the PC. which confrols the on-
line svstem and shows the EEG
and electrooculogram. In the
miiddle 15 the tramer swveying
the patient’s behavior. In the
back, one can zee the amplifier.
and on the left side 15 a PC gav-
g slow-cortical-potential
feedback to the patient







Microwire arrays

Motor cortex

Injury site,
where natural
commands die

Muscle
control chip

¢

Wheelchair
control

.

Backpack ' h
computer _

By Miguel A. L. Nicolelis and John K. Chapin

People with nerve or limb injuries may one day be able
to command wheelchairs, prosthetics and even paralyzed arms

and legs by “thinking them through” the motions



Positron Emission Tomography - PET

Normal Alzheimer’'s
Volunteer Disease







Orientation of Plane Lines
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Data frorn Hivs by T, et al
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fMRI
methods

Neuronal activity

Local blood flow increases
overcompensating for
oxygen consumption

Video projector

Headphones

Button
response

T " Larger BOLD-fMRI signal

Amplifiers control
magne@ic Iielld in
three dimension Stimulus control Spectrometer
Radio-frequency | computer control computer
amplifier %

BOLD response, %
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Picture

Sound

Perception

Wheeler et al, 2000

Recall

left fusiform

[FUS
?’chture vs. sound Recall:

A subset of the regions activated
during the Perception of pictures
and sounds were activated
significantly during Recall of
pictures and sounds

U

Regions involved in retrieval
interact with sensory and motor
regions that are reactivated
depending on specific memory
content

Recapitulation - cause or
consequence of remembering?
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A Children with no remediation

Normal reading children
while rhyming

Dyslexic reading children
while rhyming
before remediation

B Dyslexic children
increases after remediation

Temple et al. (2003)




Scheider & Chein - architectural model for automaticity.

Novel task ---  Automatic task



Michael Merzenich

(1995)

Intensive training leads to an enlargement of the
cortical representation of the trained bodyv parts




Learning to Learn, Mechelen 2006

Influence of motor training
(early musical training)
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Hannula et al. (2010)
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Eye Movements Data:
M_Ignore

[ INDIVIDUAL ANALYSIS INFO |

Job #: ITest Type: ]Memor},l Deep

Test Location: lBlU

Test Date: |1 12 2004 HesplDﬁ:]W‘l

Sequence Info
Phase: |0 Rotation: lD

Yiewing Info
View: 4 _d[_‘l_ of |—1

Time (Seck| 835 Fs| 20

RUN INDIVIDUAL ANALYSIS

Fization File Name: |adncth4.fxn

Element File Name: Impaiﬂ 4 emt

Reg Img File Name: lmpaiﬂ 4.iar

Image:




Althoff and Cohen (1999)

REPROCESSING EFFECT IN FACE PERCEPTION

Figure 1. Line drawing of example famous face (Bill Clinton) with one participant’s eye
movements superimposed, illustrating clustering of eye movements into viewer-determined regions
of interest.
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-EVidence for response (B) Stimulus
selectivity of neurons in cortex orientation

Light bar stimulus
projected on screen

Recording from visual cortex
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‘Grandmother Cells’ in Temporal Lobe:
Increased activity in response to faces










Ojemann et al. 1989
Dept Neurosurgery, Univ Washington

Cortical Stimulation Mapping

Studies of patients undergoing direct .
cortical stimulation during presurgical _ - -
treatments for intractable epilepsy. '
Electrical current applied directly to the
cortex results in temporary functional
lesions/disruption , and the patterns of
deficits observed have been found highly
predictive of post-surgical outcome.

Ojemann et al. [1989] described 117 patients’ haming errors
observed in extensive regions of language-dominant cortex
(frontal, temporal, and parietal), even well outside classically
defined language areas.



Electric current stimulates laughter
Fried et al. (1998) in Nature

Figure 1 Magnetic resonance imaging three-
dimensional surface reconstruction of left hemi-
sphere of patient AK., depicting sites where
electrical stimulation evoked behavioural responses.
Constant curmrent electical stimulation (1-12 m#A,
0.3 ms duration, biphasic rectangular pulses), below
the threshold of afterdischarge, was applied at
b0 Hz in a bipolar fashion for a duration of & s
through adjacent contacts 1 cm apart on a subdural
grid and strip electrodes implanted over the cortical
surface of the left frontal lobe. No stimulation was
performed at the right frontal lobe. Electrodes were
implanted to identify the seizure focus, and electri-
cal stimulation mapping was performed to plan the
surgical resection of the focus. Informed consent
was obtained in accordance with protocol
approved by an intemal review board. Key to
colours: red, laughter; yellow, disruption or arrest of
speech; blue, disruption or arrest of speech, nam-
ing and manual activity; black, motor movements
involving the lower and upper extremities; green,
tingling sensations in the nght lower extremity.
Reversal of the N20 potentials evoked by right pos-
terior tibial nerve stimulation confirmed the location
of the central sulcus at the anterior green circle.
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Neurocognitive enhancement: what
can we do and what should we do?

Martha J. Farah, Judy Illes, Robert Cook-Deegan, Howard Gardner,
Eric Kandel, Patricia King, Eric Parens, Barbara Sahakian and
Paul Root Wolpe

NI L PONVIL IPIAN XD VIDOVR



APINRY N PWHD

YA PR DO — NIPAAIOY NINONT R
Mawnn NXMP R

mMawnn NANIT R

DPwHINI I R



The Gambling Task
Damasio, AR., Tranel. D, & Damasio, H. (1991)

Every time the subject selects a card from deck A or
B, s/he gets $100, and every time deck C or D is
selected, the subject gets $50. However, in each of the
four decks, subjects encounter unpredictable money
loss (punishment). The punishment is set to be higher
In the high-paying decks A and B, and lower In the
low-paying decks C and D. In decks A and B the
subject encounters a total loss of $1250 in every 10
cards. In decks C and D the subject encounters a total
loss of $250 in every 10 cards.






The Gambling Task
Damasio, AR., Tranel. D, & Damasio, H. (1991)

lowa “Bad Decks” “Good Decks”

Gambling
Task

Payoff/Card
Loss/10 cards
Net Gain/10 cards

On each ftrial, the volunteer selected one card. There was
always a win, but on some trials also a loss. The bad decks
gave larger wins, but led to a net loss, while the good decks
gave smaller wins, but led to a net gain.

Overall Score = (C+D) - (A+B)
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Figure 2. (Left panels) Card selection on the gambling task as a function of group [normal control, VM patients), deck type {disadvantageous versus advantageous), and trial block.
Normal control subjects (n = 82) shifted their selection of cards towards the advantageous decks. The VM frontal patients [n = 15) opted for the disadvantageous decks. (Right
panels) Prafiles of card selections (from the first to the 100th selection) obtained from a typical control and a typical VM patient. Although the VM patient made numerous switches,
he returned more often to the disadvantageous decks.



Mind games: Adrian Raine with PET scans of a normal brain (left) and that of a murderer. But, given

the uncertainties about diagnosis, the significance of such work to psychopathy remains unclear.
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