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Importance of neural coordination in prosociality as
examined through the lens of zicarious reward
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Importance of neural coordination in prosociality as

examined through the lens of wcarlous reward
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Question asked
Does the coordination between
Anterior Cingulate Cortex & Amygdala
guide prosocial decisions based on
vicarious reward?

https://www.gramophone.co.uk/features/article/an-interview-with-karajan-at-80



Social brain networks across species

STS

NAcc Amygdala

Gangopadhyay, Chawla, Chang (2021) Nat. Neurosci.



Social brain networks across species

Anterior cingulate cortex (ACC)-amygdala (BLA)
coordination for vicarious reward
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STS

Gangopadhyay, Chawla, Chang (2021) Nat. Neurosci.



Coordination between ACCg and BLA for making
prosocial decisions and evaluating vicarious reward

Anterior cingulate gyrus (ACCg)
Basolateral amygdala (BLA)



Coordination between ACCg and BLA for making
prosocial decisions and evaluating vicarious reward
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Coordination between ACCg and BLA for making
prosocial decisions and evaluating vicarious reward
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Coordination between ACCg and BLA for making
prosocial decisions and evaluating vicarious reward
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Measuring prosocial preferences in monkeys

& Partner

(Other)
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Measuring prosocial preferences in monkeys

Some example stimuli used

/ Decision Contexts \ oo
e o
Self | Both Example
stimulus set
Seif W
Partner Both

(Other)

Other | Bottle Other / Bottle

Other B
Bottle I

N

Choosing between:

 Self and
' (actor always rewarded)

and Neither (Bottle)
(actor never rewarded)

Chang et al (2011) Front. Neurosci.

Chang et al (2012) PNAS

Chang et al (2013) Nat. Neurosci.

Chang et al (2015) PNAS

Basile, ..., Chang, Murray (2020) PLoS BIO.
Dal Monte, ..., Chang (2020) Nat. Neurosci.
Putnam, ..., Chang (2023) Neuron



Measuring prosocial preferences in monkeys

Some example stimuli used

/ Decision Contexts \
Self/ Both Examp]e Self/ Both
self W stimulus set
Partner Both !
(Other)
Other | Bottle Other / Bottle
Other B
{ottle H
Actor - e
(Self) E Choosing between:
Forced- Self and
choice

(actor always rewarded)

Free :
Fixation o — viewing ! .
/ . . \f Se,f 2 | and Neither (Bottle)

150 ms (actor never rewarded)

Both
Free- 5 5’ e :
choice Fixation ms
}\ / Other
200-600 ms Bottle
Chang et al (2011) Front. Neurosci.
y 1 50 Chang et al (2012) PNAS
ms Chang et al (2013) Nat. Neurosci.
Self vs. Chang et al (2015) PNAS
Basile, ..., Chang, Murray (2020) PLoS BIO.
1 Dal Monte, ..., Chang (2020) Nat. Neurosci.
Other vs. Bottle (or Neither) P o0 Monen



Monkeys show context-specific prosocial preference

\ o, @

= Actor (self)

-c% o 10- ( Preference Index = Zj%gj
52 081
. 06 o MY - MO
T S 04, o MY - MD
_'g ' MY - ML
o 0.2- oMO - MD
O 0.0 o MO - ML
o - MO - MS
% 0.2 o MO - MY
c MO - MB
l 0 -0.4 MY - ClJ ]
L2 06 oMO - C/J '\
§ % -0.8 - Chair/Juice (C/J) control
o 1.0/
Y =
<

Other:Neither Self:
Context Context



Monkeys show context-specific prosocial preference

Actor (self)

familiarity, by housing _
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Monkeys show context-specific prosocial preference
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ACCg and BLA show frequency-specific coordination for
expressing prosocial preference

Prosocial Preference - Antisocial Preference
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Dal Monte, Chu, Fagan, Chang (2020) Nat. Neurosci.



ACCg and BLA show frequency-specific coordination for
expressing prosocial preference

Prosocial Preference - Antisocial Preference
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e BLA-spikes & ACCqg-fields: Enhanced for prosocial preference at the beta frequency

Dal Monte, Chu, Fagan, Chang (2020) Nat. Neurosci.



ACCg and BLA show frequency-specific coordination for
expressing prosocial preference

Prosocial Preference - Antisocial Preference

ACCg BLA
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e BLA-spikes & ACCqg-fields: Enhanced for prosocial preference at the beta frequency

e ACCg-spikes & BLA-field: Enhanced for prosocial decision preference at the gamma frequency

Dal Monte, Chu, Fagan, Chang (2020) Nat. Neurosci.



ACCg and BLA show frequency-specific coordination for
expressing prosocial preference
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e BLA-spikes & ACCqg-fields: Enhanced for prosocial preference at the beta frequency

Prosocial Preference - Antisocial Preference
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e ACCg-spikes & BLA-field: Enhanced for prosocial decision preference at the gamma frequency

Dal Monte, Chu, Fagan, Chang (2020) Nat. Neurosci.




Selective directional influence from BLA to ACCg for
expressing prosocial decision

e Partial Directed Coherence (PDC) to examine
directionality of information routing

Prosocial preference

Prosocial preference
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Vicarious reward (versus experienced reward)




Distinct ACCg-BLA coordination channels between Q

vicarious and experienced rewards pond, 3 Partner
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Distinct ACCg-BLA coordination channels between
vicarious and experienced rewards
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Distinct ACCg-BLA coordination channels between C’
vicarious and experienced rewards pevd S Parter
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Distinct ACCg-BLA coordination channels between Q
vicarious and experienced rewards pevd S Parter

(Other)
BLA F- Y
(‘ - .P

m Actor

Self — Bottle Other — Bottle Aqqg » Spike-field coherence (35-51Hz) (Self)
_ o= x10 Free-choice
60 60 - \'i Y 1 . o o o o
x 10?2 0 05
—~ 950 —~ 50 0.5 9
r - 04 8
= - 9 ' £ 0
o
o 40 o 40 F s |N°° g
bt 2.
c c Q 10.2 (2] 05 ® mmm VS, m—
g J g S 04 g —— Self-Bottle = vs. zero
(&) 1+ == Other—Bottle — V'S, ZEI0
g 30 g 30T £ 1o 1730 0 100 200 800 400 500 600
= - o Time from reward onset (ms)
u L Q2 [4{-01
20 F 20 ¢ g -0.2
;05 -0.3 Spike-field coherence (10-20Hz)
x10 Free-choice
10 = . 10 = -0.4 1 K ° e o e o

0.5k

0 0 600 05
‘ Time from reward onset (ms) |

Self — Bottle vs. Other — Bottle
*kk%

0

Self — Bottle vs. Other — Bottle
*kk%k

Difference in coherence

E\i J— ;\ _05 L
> 54 ; 54 0 mmm VS, m—
g 53 ® 53 -- = Self-Bottle — V'S ZETO
§ 52 IE' T § 52 1 —Othler—Bottle — VS, ZET0
8 2(1) 8 gg) -100 0 100 200 300 400 500 600
________________ E------- o 50F---—= E_:_I .

g 49 -4 £ 49 Time from reward onset (ms)
B 48 B 48
g 47 - ® 47 L
a : a

Real Null Real Null

¢ \icarious and experienced rewards are communicated by distinct frequency channels
during ACCg-spikes & BLA-field coordination

Putnam, Chu, Fagan, Dal Monte, Chang (2023) Neuron



Reward information flow: ACCg—>BLA for both
vicarious and experienced rewards
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Summary |: Expressing prosocial preference
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Summary ll: Vicarious and experienced reward signaling
differ in ACCg-BLA communication patterns
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Trends in Cognitive Sciences
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The Symphony Orchestra
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Leonard Bernstein conducting a New York Philharmonic Young People’s Concert, October 23, 1965. (Credit: CBS/Getty Image)

https://www.gramophone.co.uk/features/article/an-interview-with-karajan-at-80
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The Symphony Orchestra

Leonard Bernstein conducting a New York Philharmonic Young People’s Concert, October 23, 1965. (Credit: CBS/Getty Image)

Coordination between
ACCg and BLA may serve as
‘functional modules’
for prosocial behaviors
Interfacing empathy




Chang lab

at Yale University
Dept. of Psychology

Dept. of Neuroscience

Current members: (This work was by: *)

* Amrita Nair, PhD (associate research scientist)
Weikang Shi, PhD (postdoc)
Guangyao Qi, PhD (postdoc)

Soo-Ji Baek, PhD (postdoc)

Taylor Wise, PhD (postdoc)

Olivia Meisner (grad student)

Prabaha Gangopadhyay (grad student)
Jamie Masthay (grad student)

Sylvia Blackmore (grad student)
Megha Chawla (grad student)

Robert Vera (grad student)

Katherine Yao (grad student)

Katherine Chou (undergrad student)
Gargi Nandy (undergrad student)
Melodi Inceboz (undergrad student)

Previous members involved in the presented work:
* Siqgi Fan, PhD (prev. grad student)
* Nicholas Fagan (prev. software engineer)

Machine Shop
Tony DeSimone

* Olga Dal Monte, PhD (prev. postdoc) Kavli Neurotechnology Core
* Philip Putnam, PhD (prev. postdoc) Joel Greenwood, PhD
* Cheng-Chi Chu, PhD (prev. postdoc) Paul Shamble, PhD

0 Kavli Institute for
Neuroscience at Yale

s NIV

Past funding: National Institute
J of Mental Health SIMNS









