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

Anterior Cingulate Cortex & Amygdala  
guide prosocial decisions based on 

vicarious reward?

Importance of neural coordination in prosociality as 
examined through the lens of vicarious reward
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Anterior cingulate cortex (ACC)-amygdala (BLA) 
coordination for vicarious reward
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Monkeys show context-specific prosocial preference
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 1 

RA and RB were the frequency of making particular choices. For Self:Other trials, RA and RB were 2 

number of choices to reward other and self, respectively. For Other:Neither trials, RA and RB 3 

were number of choices to reward other and neither, respectively.  Finally, for Self:Neither trials, 4 

RA and RB were number of choices to reward neither and self, respectively.  Indices therefore 5 

ranged from -1 to 1, with 1 corresponding to always choosing to allocate reward to other on 6 

Other:Neither trials and Self:Other trials, and always choosing not to reward self on Self:Neither 7 

trials. An index of -1 corresponds to the opposite, generally stated as choosing not to allocate 8 

reward to the other monkey or choosing to reward oneself. Values of 0 indicated indifference. 9 

For constructing neuronal preferences, we simply substituted the choice frequency with neuronal 10 

firing rates associated with making specific decisions. Response times, the time from the onset of 11 

choices to movement onset, were computed using a 20°/sec velocity threshold criterion33,34. 12 

 Spike rates were computed during the reward epoch (from 50 to 600ms from reward 13 

onset) as well as the choice/cue epoch (from -100 to 300ms from making a choice or cue offset). 14 

For the population analyses, we normalized reward firing rates to the average baseline rates for 15 

each reward outcome (300ms interval prior to fixation onset). Using marginally different time 16 

windows and different normalization methods all resulted in similar conclusions.  Coefficients of 17 

variation (CV) were calculated for each neuron based on the standard deviation (σ) and mean (µ) 18 

using the spike rates (sp/s) from the reward epoch (Eq. 2):  19 

 20 

In OFC and ACCs populations, the two self rewards (i.e., self rewards chosen from Self:Neither 21 

and Self:Other trials) were largely indifferent (see Fig. 4, 5b, 5c and Results) and thus we 22 

combined them by taking means for the CV analysis. In contrast, the population of ACCg 23 

Preference Index =
RA �RB

RA +RB
. (1)

CV =
�

µ
(2)
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Prosocial Preference – Antisocial Preference

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

AC
C

g 
sp

ik
es

-B
LA

 fi
el

d

BLA

ACCg

ACCg

BLA

F
r
e

q
u

e
n

c
y

 (
H

z
)

Time from Decision (ms)

D
if

fe
r
e

n
c

e
 in

 C
o

h
e

r
e

n
c

e

v

60

50

40

30

20

-200 2000-300 -100 100 300

15

10

5

-5

-10

-15

0

X10 –3

Free-choice
complete

70

80

10

F
r
e

q
u

e
n

c
y

 (
H

z
)

D
if

fe
r
e

n
c

e
 in

 C
o

h
e

r
e

n
c

e

60

50

40

30

20

15

10

5

-5

-10

-15

0

Free-choice
complete

70

80

10

Time from Decision (ms)

-200 2000-300 -100 100 300

X10 –3



BL
A 

sp
ik

es
-A

C
C

g 
fie

ld

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

ACCg and BLA show frequency-specific coordination for 
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Prosocial Preference – Antisocial Preference
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• BLA-spikes & ACCg-fields: Enhanced for prosocial preference at the beta frequency

ACCg and BLA show frequency-specific coordination for 
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Vicarious reward (versus experienced reward)
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Putnam, Chu, Fagan, Dal Monte, Chang (2023) Neuron

47
48
49
50
51
52
53
54

****

D
e

c
o

d
in

g
 a

c
c

u
ra

c
y 

(%
)

Self – Bottle Other – Bottlevs.

Real Null

Reward

Actor
(Self)

Partner
(Other)

0.5

D
if

fe
re

n
c

e
 in

 c
o

h
e

re
n

c
e

x 10-2

0.4

0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4

-0.5

0

ACCg

BLA

-100 0 100 200 300 400 500 600
-1

-0.5

0

0.5

1

Spike-field coherence (35–51Hz)

Free-choice

Self–Bottle
Other–BottleD

if
fe

r
e

n
c

e
 i

n
 c

o
h

e
r
e

n
c

e

Time from reward onset (ms)

x10-2

***

vs.

vs. zero
vs. zero



0 200 400 600
10

20

30

40

50

60
Other – Bottle

0 200 400 600
Time from reward onset (ms)

10

20

30

40

50

60
Self – Bottle

F
r
e

q
u

e
n

c
y

 (
H

z
)

F
r
e

q
u

e
n

c
y

 (
H

z
)

Distinct ACCg-BLA coordination channels between 
vicarious and experienced rewards

• Vicarious and experienced rewards are communicated by distinct frequency channels 
during ACCg-spikes & BLA-field coordination 
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Reward information flow: ACCg—>BLA for both 
vicarious and experienced rewards

• Robust ACCg—>BLA directionality for all both vicarious and experienced 
reward outcomes in both frequency ranges

Putnam, Chu, Fagan, Dal Monte, Chang (2023) Neuron
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Summary I: Expressing prosocial preference
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Summary II: Vicarious and experienced reward signaling 
differ in ACCg-BLA communication patterns
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Coordination between  
ACCg and BLA may serve as 

‘functional modules’  
for prosocial behaviors  

interfacing empathy 
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