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“Consider the people with whom you like 
to spend your free time. Since you arrived 
at Dartmouth, who are the classmates 
you have been with most often for 
informal social activities such as going out 
to lunch, dinner, drinks, films, visiting one 
another’s homes, and so on?”



friends

Parkinson et al., Nature Comms, 2018
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Parkinson et al., Nature Comms, 2018



Show People Movie Clips







Similar Neural Responses Predict Friendship
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Similar Neural Responses Predict Friendship
Parkinson, Kleinbaum, Wheatley, Nat Comms, 2018



Cross-sectional data 



Cross-sectional data 

 Did these friends think alike from the start?  
 (vs. become more similar due to shared experience)
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Brain responses to clips  
(before meeting each other)
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Brain activity of strangers predicts later friendship
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Do we befriend people who think like us?
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Yes.

Do we befriend people who think like us?

(Neural homophily)



We are now starting to be able to see  
how two brains synchronize  

in real time





Conversation in fMRI



and they see where the spaceship 
just landed.  And they are really 
excited but they are really nervous 
and they are kind of hiding behind 
some bushes. And suddenly a door 
opens…

…and outside the door is… Michael Jackson!  
And they’re like, whaaat?  So, one of the 
students is a huge Michael Jackson fan so 
he’s just overcome by joy and breaks cover 
and starts running toward Michael Jackson 
but as soon as he gets close, the figure that he 
once thought was Michael Jackson suddenly 
shifts form and turns into…

…a small green alien with four eyes 







We’ve cov



How do we adapt to each other?
(neural influence)



Beau Sievers, PhD 

Chris Welker 
Grad student

Prof Adam 
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TUCK

Uri Hasson 
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Sievers et al, inv. revision,  https://psyarxiv.com/562z7/



Session 1

+ +
Time

~5 min

…and so on for 5 movies…

~5 min

Sievers et al, inv. revision,  https://psyarxiv.com/562z7/



Excerpt from Birth, dir. Jonathan Glazer



Session 2

💫 consensus 🌟

Sievers et al, inv. revision,  https://psyarxiv.com/562z7/



Session 3

?
Time etc…

Previously viewed movies…

Sievers et al, inv. revision,  https://psyarxiv.com/562z7/



Session 3

?
Time etc…

…followed by novel movie clips with the same characters.Previously viewed movies…

?
Time etc…

Sievers et al, inv. revision,  https://psyarxiv.com/562z7/



Change map =
Find changes in synchrony caused by conversation.

BeforeAfter

(    , )P1 P2

ISC – (    , )P1 P2

ISC



Conversation synchronizes 
brain activity within groups
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Increased synchrony between group 
members also persisted for novel clips.



Where the magic happens

Pre Post
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Eigenvector centrality



Highly central members
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Highly central members
Did not speak more than other members.

Were not rated as more influential by group members nor outside raters

For every word they spoke, their groups became more aligned.

Directed attention to others, creating equal turn-taking

Adapted their brain activity to the group.




Allowing metronomes to talk to each other
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•People befriend likeminded people

What have we learned so far?

•High centrality people are good at aligning minds

•High centrality people do this, in part, by getting people to 
contribute equally and helping to find common ground

•But conversation also changes minds and aligns brains

•Synchrony is a useful, measure of alignment



Part 2
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Conversation
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How was your day?

blah blah 
blah 

blah blah
blah …



Our Approach

• Keep the conversations as pure as possible 

• Use the features that occur naturally in the conversations to 
guide our hypotheses



Emma Templeton
PhD student





Enjoyment?

Connection? 



How connected did you feel at this moment?

None Very



Each participant has  
10 conversations

Enjoyment?

Connection? 



11 participants 
55 conversations



“How much did you enjoy this 
conversation?”

z-scored within subject



z-scored within subject

“How much did you enjoy this 
conversation?”
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Participants 
report feeling 
more connected 
to each other in 
conversations 
with more turn-
taking
(b=0.17, SE=0.04, p<.001)
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Conversation

200 ms



Name this object



Name this object



Name this object

600 ms



200 ms



Gap length = 901ms 

Compute gap lengths from transcripts



Gap length = 901ms 
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Gap length = 901ms 
Gap length = -92ms 
Gap length = 37ms 

Compute gap lengths from transcripts



Gap lengths in our data



Gap lengths in our data









Shorter gaps:  
More social connection

Templeton et al., PNAS, 2022

b = -0.28***





Conversation

Each participant has 
10 conversations
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shrink the gaps

Templeton et al., PNAS, 2022



shrink the gaps Inflate the gaps

Templeton et al., PNAS, 2022



Templeton et al., 2022, PNAS

Conversations with fast response times are 
perceived as more enjoyable



Fast response times are an  
“honest” signal of being in synch



Fantastic Mr. Fox (2009)



Locus Coeruleus

The LC-NE System

• half the NE neurons in CNS, Nieuwenhuis et al., 2005

• sole source of NE to forebrain, Berridge & Waterhouse, 2003

Locus Coeruleus



• causes changes in attention and arousal, 

Berridge & Waterhouse, 2003 

The LC-NE System

Norepinephrine

Locus Coeruleus
• half the NE neurons in CNS, Nieuwenhuis et al., 2005

• sole source of NE to forebrain, Berridge & Waterhouse, 2003

Locus Coeruleus



figure adapted from Rajkowski et al. (1994)

The LC-NE System



• Close association with LC-NE activity 

Rajkowski et al (1993


• Involuntary "honest signal"

Beatty & Lucero-Wagoner (2000)


• Latencies ~200ms  

Goldwater (1972)


LC


Pupil size

Pupil Dilations Track Online Attention



Olivia Kang, PhD
LucidKang & Wheatley (JEP:G, 2017)

Shared attention



Listener Speaker



Independent raters listened to each story and rated their engagement, 

moment by moment.



Pupil dilation synchrony
Engagement (independent raters)



Speaker and listener pupil dilations 
synchronized during engaging 
moments of a story.
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“And all I wanted him to do was kiss me. And then… it was silent for a 
few seconds, and he leaned over and actually did kiss me and it was 
just so amazing because [clearing throat] I had really really interested 

in him [sic]” (0:54-1:06)

Time (s)
37 43 49 55 61 67

-1

0

1

2

Kang & Wheatley, JEP:G, 2017
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Universal Sentence Encoder



Universal Sentence Encoder

How old are you?input



Universal Sentence Encoder

[.12, .00, .26, .41, … .17]

input

output

How old are you?



Universal Sentence Encoder

[.12, .00, .26, .41, … .17]

input

output

1 2 3 4 512…

How old are you?





Yeah, I just… The Philosophy 
class came out late, so yeah.

input

output [.00, .41, .16, .17, … .03]



What is it? Philosophy of what?

[.06, .14, .22, .22, … .50]

input

output

(repeat)
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start 

conversation 
end

nodes colored by time

sem
antic space



conversation 
start 

conversation 
end

nodes colored by time

shorter 
speech 

turn

longer 
speech 

turn

sem
antic space



Quantify the trajectories
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Quantify the trajectories

• Extract features to 
describe the shape of 
the trajectories 

• Do this in the original, 
high-dimensional 
space 

• Example: Euclidean 
distance

Average semantic distance  
traveled between turnsDivide by number of turns







Reliable individual differences in entrainment

(pupillary entrainment to periodic tones)

Wohltjen et al,  
Scientific Reports, 2023



People who synchronize to tones tend to synchronize with other minds

Synchrony to rhythmic tones

In
te

rp
er
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l s
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ch
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ny

Wohltjen et al,  
Scientific Reports, 2023





https://socialmediaghyde.home.blog/2018/12/20/social-network-analysis-using-gephi/














