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Homophily

Tendency of nodes to

connect to others of the

same type




Homophily

Tendency of nodes to
connect to others of the
same type

Influence

Tendency of nodes to
influence each other such
that they become more
similar
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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



friends of friends
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friends of friends of friends

Parkinson et al., Nature Comms, 2018



Show People Movie Clips




Structural image Volumetric segmentation Cortical reconstruction Cortical parcellation



Structural image Volumetric segmentation Cortical reconstruction Cortical parcellation
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Similar Neural Responses Predict Friendship
Parkinson, Kleinbaum, Wheatley, Nat Comms, 2018
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Similar Neural Responses Predict Friendship
Parkinson, Kleinbaum, Wheatley, Nat Comms, 2018
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Cross-sectional data




Cross-sectional data

Did these friends think alike from the start?
(vs. become more similar due to shared experience)




Follow up (under review)

Before meeting each other...
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Before meeting each other...
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Follow up (under review)
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(before meeting each other)

Hyon et al., under review
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Follow up (under review)

AR
AT

Brain responses to clips wait for social network
(before meeting each other) to stabilize

Hyon et al., under review



Brain activity of strangers predicts later friendship

Became friends of
friends of friends

-0.35 . . . 0.35
Inter-subject similarity in neural response magnitudes

Hyon et al., under review (normalized within brain regions)



Brain activity of strangers predicts later friendship

Became friends of
friends of friends

Became friends of friends

10.35 o | 0.35
Inter-subject similarity in neural response magnitudes

Hyon et al., under review (normalized within brain regions)



Brain activity of strangers predicts later friendship

Be_came frlepds of Became friends of friends Became friends
friends of friends
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Hyon et al., under review (normalized within brain regions)




Do we befriend people who think like us?




Do we befriend people who think like us?

Yes.




Do we befriend people who think like us?

Yes.

(Neural homophily)




We are now starting to be able to see
how two brains synchronize
In real time
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The minds of social species are strikingly resonant
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Scientific American July 2023 Issue
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Conversation in fMRI

Subject A’s Subject A’s
contribution to contribution to
joint story 30 seconds joint story
\
f \
\ ) \ J
| | Time
30 seconds Subject B’s 30 seconds

contribution to
joint story
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though, was that of the pair who came before us. Caitlyn Lee, a graduate
student in Wheatley's lab, was working with Lorie Loeb, a computer
science professor at Dartmouth. They set their story not in a park, like
ours, but in an unfamiliar landscape. During one of her turns, Lee said,
“The trees [the children] were climbing on looked really weird; the ground

was starting to rise.” Then her turn cut off, and Loeb picked the story up,



though, was that of the pair who came before us. Caitlyn Lee, a graduate
student in Wheatley's lab, was working with Lorie Loeb, a computer
science professor at Dartmouth. They set their story not in a park, like
ours, but in an unfamiliar landscape. During one of her turns, Lee said,
“The trees [the children] were climbing on looked really weird; the ground
was starting to rise.” Then her turn cut off, and Loeb picked the story up,
saying, “It felt like the creature took a breath.” It was exactly what Lee had

been thinking: that the children were walking on the alien itself. “It rqally

felt like we were on the same page,” Lee says.




How do we adapt to each other?

(neural influence)
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Sievers et al, inv. revision, https://psyarxiv.com/562z7/



Session 1

~5 min

...and so on for 5 movies...

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



Excerpt from Birth, dir. Jonathan Glazer
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Sievers et al, inv. revision, https://psyarxiv.com/562z7/



Session 3

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



Session 3

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

\ etc... k etc...

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



Change map =

Find changes in synchrony caused by conversation.




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

Session 3

Previously viewed movies... ...followed by novel movies with the same characters.




Where the magic happens
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Eigenvector centrality
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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




Highly central members

Did not speak more than other members.
Were not rated as more influential by group members or outside raters
For every word they spoke, their groups became more aligned.
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Did not speak more than other members.
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Directed attention to others, creating equal turn-taking




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




What have we learned so far?

‘People befriend likeminded people
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*High centrality people do this, in part, by getting people to
contribute equally and helping to find common ground



What have we learned so far?

‘People befriend likeminded people

-But conversation also changes minds and aligns brains
*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

Synchrony is a useful, measure of alignment
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How was your day?









| feel satisfied with my overall well being

--------- , S S W S - T—,

Strongly moderately slightly undecided slightly moderately strongly
Disagree disagree disagree agree agree agree



Our Approach

e Keep the conversations as pure as possible

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



Emma Templeton
PhD student
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M Connection?




How connected did you feel at this moment?
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M Enjoyment?

\e.s 4o Each participant has
M Connection? ¥ 10 conversations
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“How much did you enjoy this

conversation?”
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Visualize the conversations
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Participants
report feeling
more connected
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| conversations
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taking
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Name this object



Name this object




Name this object

Indefrey & Levelt, 2004
Bates et al., 2003

Indefrey, 2011



| have two
apples. Do you
want one?

No thanks |
already ate.

200 ms

Levinson & Torreira, 2015
Heldner & Edlund, 2010
Stivers et al., 2009



Compute gap lengths from transcripts

[: S1: 00:00:00.000 How's 1t going? END|0@:21.335|END

$2:100:00:02.236|I'm okay. How are you? END 00:03.215 END

S1: 00:00:03.123 Yeah, I'm good. It's been a busy... END 080:85.599 END

S2: 00:00:05.636 It's been a2 week. END 00:06.043 END

S1: 00:00:06.397 Yeah, honestly. With rush. Did you rush? END 90:08.880 END
S2: 00:00:08.761 I dropped on Monday. END 08:09.686 END

S1: 00:00:09.582 You dropped? Oh, I'm sorry. END ©80:10.731 END

S2: 00:00:10.388 Yeah, I didn't get callbacks. END ©0:11.686 END

S1: 00:00:12.067 Oh, okay. END 00:12.432 END

Gap length = 901ms



Compute gap lengths from transcripts

$52:100:00:02.236|I'm okay. How are you? END|00:03.215)|END
$1:100:00:03.123|Yeah, I'm good. It's been a busy... END 00:05.599 END

S2: 00:00:05.636 It's been a week. END 00:06.043 END

[: S1: 00:00:00.000 How's 1t going? END|0@:21.335|END

S1: 00:00:06.397 Yeah, honestly. With rush. Did you rush? END 00:08.880 END
S2: 00:00:08.761 I dropped on Monday. END 00:09.686 END

S1: 00:00:09.582 You dropped? Oh, I'm sorry. END ©00:10.731 END

S2: 00:00:10.388 Yeah, I didn't get callbacks. END ©0:11.686 END

S1: 00:00:12.067 Oh, okay. END 00:12.432 END

901ms
-92ms

Gap length

Gap length



Compute gap lengths from transcripts

S1: 00:00:00.000 How's 1t going? END|0@:21.335|END

$2:|00:00:02.236|I'm okay. How are you? END|00:03.215]|END
$1:|00:00:03.123|Yeah, I'm good. It's been a busy... END|@0:085.599]END

$2:100:00:05.636|It's been a week. END 00:06.043 END

i

S1: 00:00:06.397 Yeah, honestly. With rush. Did you rush? END 00:08.880 END
S2: 00:00:08.761 I dropped on Monday. END 00:09.686 END

S1: 00:00:09.582 You dropped? Oh, I'm sorry. END ©80:10.731 END

S2: 00:00:10.388 Yeah, I didn't get callbacks. END ©0:11.686 END

S1: 00:00:12.067 Oh, okay. END 00:12.432 END

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



density

Gap lengths in our data
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Yeah, | just... The Philosophy class came out late, so
yeah.

What is it? Philosophy of what?

Moral Philosophy.

That seems like a terrible class. [chuckle]

It's so bad. | hate it so much. It's okay...

| just feel like you get some really crazy people in it.
There actually aren't crazy people in it, but the material
is really weird.

Why?

| just stopped reading the textbook, which is probably
part of the reason why | don't really understand what's
going on. But we have papers and then exams, and the
exams are just like spitting the textbook out. So you just
memorize everything and it's such a pain. But yeah, |
didn't fall asleep in class today. That's was a plus.

That's good. Norton is a small place, with small
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What is it? Philosophy of what?

Moral Philosophy.

That seems like a terrible class. [chuckle]

It's so bad. | hate it so much. It's okay...

| just feel like you get some really crazy people in it.
There actually aren't crazy people in it, but the material
is really weird.

Why?

| just stopped reading the textbook, which is probably
part of the reason why | don't really understand what's
going on. But we have papers and then exams, and the
exams are just like spitting the textbook out. So you just
memorize everything and it's such a pain. But yeah, |
didn't fall asleep in class today. That's was a plus.

That's good. Norton is a small place, with small
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What is it? Philosophy of what?

Moral Philosophy.

That seems like a terrible class. [chuckle]

It's so bad. | hate it so much. It's okay...

| just feel like you get some really crazy people
There actually aren't crazy people in it, but the

is really weird.

Why?

| just stopped reading the textbook, which is pr.
part of the reason why | don't really understanc
going on. But we have papers and then exams,

exams are just like spitting the textbook out. Sc
memorize everything and it's such a pain. Buty
didn't fall asleep in class today. That's was a plu

That's good. Norton is a small place, with small
classrooms.

| fall asleep in every class. It's so bad.

Why? When do you go to bed?

| get like six hours of sleep every week, which is
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Shorter gaps:
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control (unaltered) condition

Templeton et al., PNAS, 2022
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Conversations with fast response times are
percelved as more enjoyable
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Fast response times are an
“honest” signal of being In synch







The LC-NE System

L ocus Coeruleus

+ half the NE neurons in CNS, Nieuwenhuis et al., 2005
+ sole source of NE to forebrain, Berridge & Waterhouse, 2003
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The LC-NE System

L ocus Coeruleus

half the NE neurons in CNS, Nieuwenhuis et al., 2005
+ sole source of NE to forebrain, Berridge & Waterhouse, 2003

Norepinephrine

+causes changes In attention and arousal, F N
Berridge & Waterhouse, 2003

Locus Coeruleus
(nor-a drenaline)

. ocus Coeruleus



The LC-NE System

PUPIL

LC
4 ) R
10 sec

figure adapted from Rajkowski et al. (1994)



Puplil Dilations Track Online Attention

+ Close association with LC-NE activity
Rajkowski et al (1993

* Involuntary "honest signal®
Beatty & Lucero-Wagoner (2000)

- Latencies ~200ms
Goldwater (1972)

LC



Shared attention

Olivia Kang, PhD
Kang & Wheatley (JEP:G, 2017) Lucid
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Independent raters listened to each story and rated their engagement,
moment by moment.




Speaker 5
r =.86""

Pupil dilation synchrony

-...sese ENgagement (independent raters)
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Speaker and listener pupil dilations
synchronized during engaging
moments of a story.
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synchrony

Story

synchrony between speakers & listeners

Kang & Wheatley, JEP:G, 2017



Pupil Diameter (normalized)

Time (s)

Kang & Wheatley, JEP:G, 2017



"And all | 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| | had really really interested
in him [sic]” (0:54-1:06)

Kang & Wheatley, JEP:G, 2017
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“Google Research *Google Research
Mountain View, CA New York, NY

“‘Google
Cambridge, MA

Semantic Textual Similarity
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Yeah, | just... The Philosophy class came out late, so
yeah.

What is it? Philosophy of what?

Moral Philosophy.

That seems like a terrible class. [chuckle]

It's so bad. | hate it so much. It's okay...

| just feel like you get some really crazy people in it.
There actually aren't crazy people in it, but the material
is really weird.

Why?

| just stopped reading the textbook, which is probably
part of the reason why | don't really understand what's
going on. But we have papers and then exams, and the
exams are just like spitting the textbook out. So you just
memorize everything and it's such a pain. But yeah, |
didn't fall asleep in class today. That's was a plus.

That's good. Norton is a small place, with small
classrooms.

| fall asleep in every class. It's so bad.

Why? When do you go to bed?

| get like six hours of sleep every week, which is...
Week?

Yeah, like average.

Per night?

Yeah.

Okay. You said six hours of sleep per week. | was like,
"Oh my God!"

Oh yeah, that came out wrong.

Yeah, yeah, | know what you mean.

But yeah. How was your week? [chuckle] Last week?
The weekend was great. | did no work though, and so
now I'm like, "Ah!" | have so much work to do.

Do you have any midterms this week?
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Yeah, | just... The Philosophy class came out late, so
yeah.

What is it? Philosophy of what?

Moral Philosophy.

That seems like a terrible class. [chuckle]

It's so bad. | hate it so much. It's okay...

| just feel like you get some really crazy people in it.
There actually aren't crazy people in it, but the material
is really weird.

Why?

| just stopped reading the textbook, which is probably
part