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Learning mechanism of social
Influence

Univerisity of Basel SPBU & MGPPU
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Neuroeconomics perspective:

« Economics, psychology, and neuroscience
are converging today into a single, unified
discipline with the ultimate aim of providing
a single, general theory of human behavior -
neuroeconomics.

* The goal of this discipline is to understand
the processes that connect sensation and
action by revealing the neurobiological
mechanisms by which decisions are made.

-

Adopted from Glimcher&Rustichini, Science 2004 \?
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Neural correlates of social
conformity

« BOLD precursors

» Electrophysiological precursors of
soclal conformity
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Conformity

« Some forms of social influence evoke
conflicts of opinions.

 How do we change our opinion?
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X A B C

Solomon Asch found that the (genuine) participants conformed on 32% of o
the trials and only 26% of people never conformed (1951).
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Definition

Conformity =

a type of social influence in which individuals
change their attitudes, judgments, or behavior

In order to adhere to existing social norms.
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THE NEW YORK TIMES BOOK REVIEW

Best Sellers s ons

9 MYTHS, LIES, AND DOWNRIGHT STUPIDITY, by 9 1
John Stossel. (Hyperion, $24.95.) The **20/20" anchor
questions conventional wisdom.

10 THE LONG TAIL, by Chris Anderson. (Hyperion, 13 2
$24.95.) How the Internet has changed business so that
its future requires “selling less of more.”

“ FEEDING THE MONSTER, by Seth Mnookin. (Simon 8 2
& Schuster, $26.) How the Red Sox finally did it.
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How do we update
values/opinions based on social
iInformation?
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Learning mechanism of
soclal influence

* Psychological studies emphasize the rewarding
value of social approval or affiliation with others
(Cialdini and Goldstein, 2004)

» Behavioral economics focuses more on the
effects of punishment for violating the norm
(Fehr and Fischbacher, 2004).

* Both approaches comply with a reinforcement
learning mechanism: social norms selectively
reinforce certain behaviors.
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Neuron

How do we
detect
own violation
of Norms?

norm
A
current estimate

error in
mean

mean

Adjust behavior
or internal states
to ‘'match’ norm,

('norm errors') = 0

—

To Detect and Cri-ect:
Norm Violations and Their Enforcement

P. Read Montague!* and Terry Lohrenz!

Meuron 58, October 4, 2007
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Rescorla-Wagner model of classical
conditioning

* The most intuitive way to learn to predict
future reward and punishments is via error
correction.

* The principle here is simple: make the
best prediction you can, observe actual
events and if your prediction was wrong,
update your knowledge-base so that future
predictions are more accurate.

ﬂ‘\:“__, p
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Error detection as a component of
Reinforcement learning models

—

Maintain
current
connectivity

Perform
behavioural g Error

reaction

T l\’es
Modify
€ Generate

C“”‘*"?‘. error signal

connectivity
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* Neuroscience — the scientific
study of the nervous system,
a branch of biology.

Basal ganglia

These structures plan

=

Candate nucleus
(body)

Putamen

o and initiate complex
movement. Links to | Globus pallidus

other parts of the brain

(not shown) update the

“motor program.”
Thalamus

White matter

Gray matter

Cerebellum

VOLUNTARY MOVEMENT

Stimulated by sensory neurons or by conscious
thought and intention, the premotor cortex area
(see The Brain Map on facing page) formulates
a central motor program. This plan is sent to the
motor cortex, which then sends instructions to

voluntary muscles. As movement progresses, it is T

PATHWAY

Motor cortex

Brain stem

SPECIALIZED FUNCTION

coordinated and continually updated by corrective
nerve signals sent from the cerebellum, which also
controls balance and the body’s position in space.

Pathways used in precise !
movements of the hand
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Cortex sends motor message to
muscle, resulting in movement

Sensory cell in muscle (which
monitors movement) sends
signal to cerebellum

Cerebellum sends corrective
signals via thalamus to cortex
to k('(‘p movement on course

Cerebellum also sends message
via spinal cord to muscle to
correct muscle directly

o
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\ The neuron can be modelled
Synaptic vesicles

p ' containing Presynaptic as a computational element
i membrane - . . ay -
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Electrical signal
from brain

Recording electrode ——»

Visual area
Pl ;/ of brain

Q Stimulus

www.caip.rutgers.edu/~feher/SandP/prepl 5.html
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Electrical signal
from brain

Recording electrode ——»

Visual area
of brain
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Read electrophysiological results. Example of primitive neuroeconomical study
Phasic activations of neurophysiological impulse activity of neurons

Food box

&

Resting key

Single trials —» E: 40 i1 2s Histogram

Single trials —»
Single trials —» o« o0
Single trials —  § 1" 2 Fdh 5 it da et S0 E TR ST T T
Single trials — | s Tah AT AR B RS T e
Single trials — | %% A% GRS s
Single trials —» S T R B it ¢ }_ v

movement onset

B
» S

&

NATURE REVIEWS | NEUROSCIENCE VOLUME 1 | DECEMBER 2000
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Learning a reward value of stimul
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* Learning a reward value of stimuli

Prefrontal
cortex

Nucleus
accumbens

Amygdala

VP

Fields et al 2007

Hippocampus

SC
Dopamine
LDT/ o 859%
PPTg °

I 0%
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Dopamine response = Reward occurred — Reward predicted

Prediction error — the discrepancy between an actually

received reward and its prediction.

Learning is proportional to the prediction error.
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Role of Dopamine

The anhedonia hypothesis.

 Rewards are usually associated with a
subjective feeling of pleasure or euphoria. The
anhedonia hypothesis (Roy Wise, 1978) posits
that dopamine Is important for this pleasure.

* N.B. Brain imaging studies have indicated that
stimulant-induced euphoria is loosely correlated
with the degree of drug-induced dopamine
release.

« On present evidence, it seems best to suggest
that elevations in brain dopamine are only
loosely correlated with subjective pleasure.

ﬂ‘\:“__, p
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Reward-prediction theory of
dopamine

« Dopamine neurons report rewards relative to their
prediction rather than signaling primary rewards
unconditionally...

— The dopamine response is positive (activation) when primary
rewards occur without being predicted.

— The response is nil when rewards occur as predicted.

— The response is negative (depression) when predicted rewards
are omitted.

« These characteristics have been demonstrated
repeatedly for midbrain dopamine neurons. Indeed, the
presentation of a predictive cue elicits a burst of activity
from these neurons, the size of which is proportional to
the magnitude, probability and even delay of the B

predicted reward \g
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Working Hypothesis

* Does social influence
modulate our opinions
using the same
fundamental mechanisms
and neural networks that
underlie reinforcement
learning?

www.mgppu.ru/lektoriy


http://upload.wikimedia.org/wikipedia/commons/a/a0/HugoRheinholdApeWithSkull.DarwinMonkey.2.jpg

A B

ren___ 00 w n 0_ . .

. pre-response conflict
'{ O decision uncertainty
A response error
negative feedback

mm

40

20 -

R L R R S

20
SCIENCE WVOL 306 15 QOCTOBER 2004

K. Richard Ridderinkhof,"** Markus Ullsperger.3 Eveline A. Crone,* Sander Nieuwenhuis® -40 =

www.mgppu.ru/lektoriy




Rostral cingulate zone (RC2)

Nucleus accumbens (NA) Ventral tegmental area _

Substantia nigra \?
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fMRI

4 Tesla = 4 x 10,000 + 0.5 = 80,000X Earth’s magnetic field
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Hemodynamic Response
Function
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O - . .
¥ signal change time to rise

= (point — baseline)/baseline

IV 0.5-3% signal begins to rise soon after stimulus begins
usually 0.5-3%

L time to peak
Initial dip : ) : :

_ signal peaks 4-6 sec after stimulus begins
-more focal and potentially a better
measure

-somewhat elusive so far, not post stimulus undershoot o

evervone can find it signal suppressed after stimulation ends \y
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Face (S1)
2 sec

fMRI session

Attractiveness rating

Normative rating + Face (S2)
2 Sec

conflict
Response

conflict

no
conflict

wF E
|

Behavioural
Session
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Behavioral Effects: changes of attractiveness ratings
Induced by normative (group) ratings.

0.4 -

B S

Change of attractiveness ratings
(subsequent rating - initial rating)
o
B G

-0.6 -

normative rating no conflict normative rating
is more negative with norms  is more positive
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Social Conflict

Dopamine system

Frontal . , Striatum

lobe \ ( \
_ 4
l k L Substantia

Klucharev et.al. 2009 v



Activation of the Rostral Cingulate Zone

Social
Conflict
with Group
Norms

Deactivation of Nucleus Accumbens \y
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Conjunction of conflict & conformity

o

Klucharev et.al. 2009
L 4



Error signal

sannnnsnnnnnnnns  E[1Or threshold

Error signal
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TMS — Transcranial Magnetic
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TMS - rapidly changing magnetic fields (electromagnetic
iInduction) induce weak electric currents in the brain, i.e.
affect neurons.
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Navigated TMS. nTMS

§ ‘a - = — Figure-of-eight-coill

Induced E
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Design/Materials/Procedure/Subjects

« Continuous theta burst stimulation paradigm
(cTBS, Huang et al., 2005) - a 40 s train of
uninterrupted TBS (600 pulses).

cTBS
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Face (S1)
2 sec

Experimental task

Attractiveness rating

Normative rating + Face (S2)
2 Sec
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Response
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no
conflict
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Results:

« Down-regulation of the RCZ suppresses
subjects’ conformal behavior.

 Overall, results show that social
conformity complies with the principles of
the reinforcement learning.
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Conclusions

v' The RCZ is an important target of social influence.

v' TMS of the medial prefrontal cortex reduces social
iInfluence on our judgments.

v Our results support the hypothesis that social
Influence (including peer group influence, advice
taking, cognitive dissonance, etc.) is underlined by
the general reinforcement learning mechanism.
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Neural correlates of social
conformity

« EEG precursors of social conformity
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Face (S1)
2 sec

Experimental task

Attractiveness rating

Normative rating + Face (S2)
2 Sec
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Electrophysiological precursors
of social conformity

@ Ambiguous faces
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J I— Conflict trials

—— No Conflict trials
----- Difference wave

-6.00 puV

188-228 ms
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—— Conformal changes of ratings

—— No changes

----- Difference wave

]
+1.4 uVv
6.00 pV N N £

-1.4 uVv

300-320 ms 376-386 ms
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306-channel Vectorview system —an
example of Magnetoencephalographic
system

BioMag Laboratory Yausepcutet Xenbcunku, Xeiabcuaku 1994

MRC-CBU, Cambrdige, 2008

NB! Mockosckuit I'opoackoii [Icuxonoro-Ilenarornueckuit Yausepcuret, Mocksa 2010
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Localization of the magnetic equivalent of
the ERN and induced oscillatory brain
activity
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Individual sensitivity to popularity X effect of
popularity information

Dopamine system

Frontal

G.S. Berns et al. Neurolmage (2010)c
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All Trials Changed Trials Only
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Social conformity:
why is it so difficult to be different?
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Why? RICHARD DAWKINS: The Selfish Gene.

« An evolutionarily stable strategy —
a strategy which, if most members of
a population adopt it, cannot be
bettered by an alternative strategy.

* “best strategy for an individual
depends on what the majority of the

population are doing.” the
. Since each individual is trying to selfish

maximize his own success, the only gene

strategy that persists will be one -

which, once evolved cannot be
bettered by any deviant individual.

* ... selection will penalize deviation
from It.
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Wisdom of the crowd

Francis Galton
1822 -1911
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NATURE [Marcu 7, 1907

Distribution of the estimates of the dressed weigh! of a
particular Mving ox, made by 387 different- persons.

deviates from

i ] * Centiles
Degrees of | . 1 " Excess of
Estimates
the length of | : A . Observed over
Array o' —100’] in Jbs. Observed Normal Normal

1207 lbs. p.& =37
5 - 1074 =133 — Q0 +43
10 © 1109 - 9% - 70 428
15 1126 - 81 ~57 +24
20 1148 © — 39 — 46 +13
7125 1162 - 45 . -37 + 8
30 1174 - 33 - =29 -+ 4
35 1131 - 26 - =21 .+ 5
40 i 1188 - 19 - 14 + 5
. 435 . 1197 - 10 -7 + 3
Real weight 1198 Ib ‘ m 50 1207 o > >
55 . 1214 .+ 7 + 7 o
60 : 1219 + 12 + 14 - 2
65 . 122§ + 18 |, +21 -3
70 | 1230 + 23 | + 29 - b
7375 0 1230 + 29 +37 . -8
8o 1243 + 36 |, +30 - -Ie
8s | 1234 + 47 | +37 -~ 10
90 . 1267 + 5 | 470 . -18
95 | 1293 + 8 | +90 | -4 -

1, 93, the first and third quartiles, stand at 25" and 737 resp=ciively.
n, the median or middlemost value, stands at 50°,
The dressed weight proved to be 1193 lbs.
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Thank you very
much for your attention!
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