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Part 1.
Some stuff I actually work on

in response to something Martin Nowak just said

Part 2.
Some other thoughts about 

“social”
“intelligence”
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AccidentFailed Attempt

Young et al, 2007

How much blame does 
Grace deserve?

“Sugar”“Poison”
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Task: Moral judgments

ANOVA Belief x Outcome; main effect of Belief, p<0.001

People care about the motives of strangers
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Moran et al, under review

ASD n=13,  Typical control n=15
ANOVA Belief x Outcome x Group; Belief X Group interaction, p<0.03
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Group:    Control

“Sugar”“Poison”

N
on

e 
  .

.. 
   

Ve
ry

 M
uc

h

!"

#"

$"

%"

&"

'"

("

)*+," -*.+" )*+," -*.+"

ASD

How much blame does Grace deserve?

People care about the motives of strangers
exception? ASD
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People care about the motives of strangers
Related to known neural mechanism

Belief > Photo
RTPJ in individual subjects

A volcano erupted on a Caribbean island 
three months ago. Barren lava rock is all 
that remains today. Satellite photographs 

show the island as it was before the 
eruption.

The morning of the dance, Sarah placed 
her high heel shoes under her dress and 
then went shopping. That afternoon, her 
sister borrowed the shoes and later put 

them under Sarah's bed.
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RTPJ response
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r2=0.44

RTPJ

Young and Saxe, 2009

(Less weight 
to belief)

(More weight 
to belief)Accident

How much blame does Grace deserve?

People care about the motives of strangers
Related to known neural mechanism
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People care about the motives of strangers
Related to known neural mechanism
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TMS RTPJ

1 Hz, 25 min

Moral

11.2 min

TMS control

Offline TMS Session 1

Moral TMS RTPJ

MoralTMS control

Moral

Offline TMS Session 2

1 Hz, 25 min 11.2 min

Offline TMS
N=8

Background

Foreshadow 
The powder is sugar.

Belief
She thinks the powder is toxic.

Action
She puts the powder in 

her friend’s coffee.

Moral Judgment
Putting the powder in was: 

Forbidden 1-2-3-4-5-6-7 Permissible

6 s

6 s

6 s

3 s

3 s

Online 10 Hz TMS 
to RTPJ or control

500 ms 

Online TMS
N=12

RTPJ

People care about the motives of strangers
Related to known neural mechanism
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RTPJ
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TMS site:    Control

Young et al, 2010

ANOVA Belief x Outcome x TMS site x Experiment
Belief X TMS site interaction, p<0.007

RTPJHow much blame does Grace deserve?

People care about the motives of strangers
Related to known neural mechanism
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Part 1.
Some stuff I actually work on

in response to something Martin Nowak just said

Part 2.
Some other thoughts about 

“social”
“intelligence”
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What is “social”?
 coexisting with conspecifics (kin, partners & strangers)
 - getting what you want via:

 learning, donations, coercion, deception
- promoting individual/group/species survival via:

 coordination, cooperation, altruism, teaching

What is “intelligent”?
sensitive: to past & present reality
cognitive: involves ‘understanding’/‘explaining’ 
optimal: achieves intended future

“Social intelligence”?
cognitive
sensitively perceiving; accurately comprehending; and 
effectively manipulating conspecific individuals & groups

“Social” and “Intelligence”
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“Social intelligence”?
cognitive
sensitively perceiving; accurately comprehending; and 
effectively manipulating conspecific individuals & groups

Compare to ʻNew Synthesisʼ
“When the same parameters and quantitative theory are 
used to analyze both termite colonies and troops of 
rhesus macaques, we will have a unified science of 
sociobiology”

“Social” and “Intelligence”
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“Social intelligence”?
cognitive
sensitively perceiving; accurately comprehending; and 
effectively manipulating conspecific individuals & groups

Can we:
measure & compare across individuals? 
diagnose disorders and identify experts?
improve by training, teaching or medicating?
compare across species?

cf. “The Social Intelligence hypothesis”: cognitive demands 
of complex social life => evolution of big brain

“Social” and “Intelligence”
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Version 0: clinical measures
Diagnosing social intelligence?

e.g. “Mind in the Eyes”e.g. self-report scale
EQ-i
Toronto Alexithymia Scale
etc.

“People often tell me I am a 
good listener”

15Saturday, November 19, 2011



Version 0: clinical measures
Diagnosing social intelligence?

Homework idea:
What would be a good experimental measure of “social 

intelligence” in adult humans? 
Are there “experts” (Mensa for social cognition)? Who?
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Version 1: We like what weʼre good at
Social success <==> high social intelligence
Social failure/axiety <==> low social intelligence

Diagnosing social intelligence?

Kanai et al 2011; Sallet et al 2011; lots of others

relevant for online social network size. In the case of off-
line real-world social networks, perspective taking
and memory capacity abilities predict an individual’s net-
work size [7]. Thus, we hypothesized that online social
network size might be correlated with brain regions impli-
cated in social cognition and social behaviour such as
recognizing social cues, mentalizing (i.e. theory-of-
mind) and perspective taking. A large body of evidence
indicates that processing of basic social signals such as
gaze and body movements of others is mediated by pos-
terior superior temporal sulcus (STS) [8]. The
amygdala is another central structure in social cognition
[9], as amygdala damage impairs the ability to recognize
emotional facial expressions [10]. Indeed, an association
between social network size and the amygdala has been
demonstrated for real-world social networks [11]. How-
ever, whether this finding generalizes to online social
networks is currently unknown.

In addition to superficial recognition of social signals,
deeper understanding of other people’s mental states via
mentalizing [12,13] or the mirror circuit [14] would also
be important for successful social interactions. Such
high-level social cognition is associated with activity in a
network of brain regions including the temporoparietal junc-
tion (TPJ), medial prefrontal cortex and precuneus
[12,13,15,16]. While the precise contribution of each of
those regions to social cognition is yet to be established,
they are consistently activated in a broad range of tasks
embedded in social contexts. Since the ability to understand
other people’s intention is a key to successful social inter-
actions, the size of online social networks might be
reflected in the structure of these specific social brain regions.

In addition to these brain regions linked with social cog-
nition, memory capacity is another important constraint
on the size of social network, because maintenance of a
large number of social ties requires memory for relation-
ships [17,18]. Although previous work did not find
association between real-world social network size and
the hippocampus [11], memory capacity may become
more relevant for online social networks than real-world
social network, because the number of friends declared
on online social networks is much larger than that of typi-
cal real-world social networks (figure 3). Of particular
interest are brain regions in the medial temporal lobe
(MTL), which are linked with the encoding and retrieval
of face–name pairs [19,20].

To test these hypotheses, we collected structural mag-
netic resonance imaging (MRI) scans from a large sample
of 125 healthy adult volunteers and a further replication
sample of 40 volunteers. We aimed to determine whether
variability in the structure of specific regions of human
cortex was associated with inter-individual variability in
the number of social relationships as indexed by Facebook
(the Facebook number or FBN). To do this, we used voxel-
based morphometry (VBM) to compute regional grey
matter volume across the whole brain based on
T1-weighted anatomical MRI scans [21] (figure 1)Q3 .
A premise of the VBM approach is that inter-individual
differences in a behavioural trait across individuals can
be correlated with differences in grey matter volume of
specific brain regions (see Kanai & Rees [22] for a
recent review). These macroscopic measures of brain
anatomy have been successfully used to identify specific
brain regions that are associated with individual

differences in a broad range of contexts such as perceptual
performance [23,24], attention control [25], face recog-
nition skills [26], introspective ability [27], proficiency
in a second language [28], personality traits [29] and pol-
itical orientation [30]. We therefore expected that this
VBM approach would reveal brain regions associated
with an individual’s online social network size.

2. MATERIAL AND METHODS
(a) Experiment 1

Experiment 1 determined whether inter-individual variability

in the number of social relationships as indexed by Facebook

(the FBN) predicted variability in brain structure.

(i) Magnetic resonance imaging participants

One hundred and twenty-five healthy participants (46 males;

mean age 23.3+4.2 (s.d.) years) recruited from the local

community of University College London took part in

experiment 1. After MRI scanning (see below), the number

of friends for that individual in their Facebook public profile

was recorded. Q4

(ii) Magnetic resonance imaging data acquisition

MR images were acquired on a 1.5 T Siemens Sonata MRI

scanner (Siemens Medical, Erlangen, Germany). High-

resolution anatomical images were acquired using a

T1-weighted three-dimensional Modified Driven Equilibrium

Fourier Transform (MDEFT) sequence (TR¼ 12.24 ms;

TE¼ 3.56 ms; field of view ¼ 256 ! 256 mm; voxel size¼
1 ! 1 ! 1 mm).

(iii) Voxel-based morphometry

The MR images were first segmented for GM and WM Q5using

the segmentation tools in SPM8 (http://www.fil.ion.ucl.ac.uk/

spm). Subsequently, we performed Diffeomorphic Anatomical

Registration Through Exponentiated Lie Algebra (DARTEL)

in SPM8 for inter-subject registration of the GM images

[31]. To ensure that the local grey matter volume was con-

served after spatial transformation, the image intensity of

each voxel was modulated by the Jacobian determinants of

the deformation fields. The registered images were smoothed

with a Gaussian kernel (full width at half maximum¼
12 mm) and were then transformed to MNI Q5stereotactic

y = –54 x = 30

L-MTG
R-STS

T-value

3.0 4.03.5

R-entorhinal

Figure 1. Grey matter volume correlated with quantitative
measure of participation in social networks. Areas where
the number of friends reported on Facebook correlated sig-
nificantly with variability in grey matter density across the
entire group (n ¼ 125) are shown superimposed on a stan-
dard T1-weighted template brain in MNI stereotactic
space. Correlated areas are shown at T . 3.0 for visualization
purposes. See table 1 for full details of activated loci.

2 R. Kanai et al. Social networks and brain structure

Proc. R. Soc. B (2011)
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e.g. Network size: e.g. Mouse ASD test:
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Version 1: We like what weʼre good at
Social success <==> high social intelligence
Social failure/axiety <==> low social intelligence

Diagnosing social intelligence?

Homework idea:
What would be a better experimental measure of mouse/rat 

social cognition, for use in ASD?

18Saturday, November 19, 2011



Version 2: Diagnostic behaviours
e.g. Donating knowledge to ignorant conspecifics at cost

“Teaching”

Diagnosing social intelligence?

Leadbetter et al 2006
Thomas et al 2006

young. Prey is killed by the mother
in front of the cubs. Later, when the
cubs begin accompanying her on
hunting trips, the mother releases
prey in front of them, which the
cubs attempt to catch, sometimes
at the cost of losing the prey
altogether [6]. The cubs’ predatory
skills improve over this period,
although it remains to be shown
that this results directly from such
practice (the same applies in
a study on domestic cats [7]). Other
potential cases of teaching involve
chimpanzees learning to use stone
hammers and anvils, and ospreys
teaching their offspring to snatch
fish from the water [4,5], but as yet
these rely only upon weak
anecdotal evidence.

In contrast, Franks and
Richardson’s [8] well-controlled
study on tandem-running
Temnothorax ants was carried out
in a laboratory. The intimate
interaction between leader and
follower in a pair of tandemly
running ants at first sight bears all
the hallmarks of a parent teaching
a child to ride a bicycle. An
experienced ant will lead individual

naı̈ve nest mates to newly
discovered food sources or nesting
sites, stopping if the follower loses
regular antennal contact [9]. When
the pair becomes separated, as
occurs when the follower makes
looping movements possibly
searching for landmarks, the leader
remains still, only continuing
towards the food when the follower
has completed her exploratory
circuit (Figure 1). Franks and
Richardson [8] demonstrate that
there are clear two-way
interactions between the
tandem-running ants. When the
gap between them becomes too
large, and antennal contact
between the pair is lost, the leader
slows down and the follower
accelerates to catch up. This
bidirectional feedback loop
appears to maximise the speed at
which the two can progress, while
allowing the follower to memorise
the path and its surrounding
landmark features.

Such tandem-running meets
most of the criteria for teaching set
out in the definition given by Caro
and Hauser [4]. When alone, the

leader does not incorporate the
frequent pauses which are used by
the follower to perform orientation
loops. Hence the leader’s
behaviour is clearly modified in the
presence of a naı̈ve observer.
Leaders incur a time cost: when
an experienced forager is not
leading a follower, she travels
faster to the food source and
does not stop en route [8]. As
a result, the follower (pupil) finds
the target more quickly than she
would do if searching for it alone.
While it appears likely that
followers learn route-specific
information during
tandem-running, it remains to
be shown empirically precisely
what information is obtained.
Franks and Richardson [8] refine

Caro and Hauser’s [4] working
definition of teaching by
introducing an additional criterion:
that feedback from the learner to
the experienced individual must
be demonstrated. Such
feedback clearly distinguishes
tandem-running from other forms
of signalling in ants, such as
scent-marking food sources, or
releasing alarm pheromones in
the presence of nest intruders [9].
In these cases, both the signal
and the response are largely
hard-wired; and there is no need
to assume that learnt information
has been transmitted, nor is there
a need to invoke learning to
explain the receiver’s response.
Most simple forms of signalling,
such as use of pheromones, do not
appear to meet several criteria laid
out by Caro and Hauser’s teaching
definition: such signals are
displayed irrespective of the
presence of a naı̈ve receiver, and
do not lead to the long lasting
changes of receiver behaviour
that would qualify as learning
[10,11]. So the additional criterion
of feedback from the taught
individual seems unnecessary.
Responding to feedback from
pupils makes for more efficient
teaching, but teaching, albeit
perhaps at a lower quality, can still
occur in the absence of such
feedback.
In contrast, tandem-running in

ants, just like dancing in
honeybees, is a much more
advanced form of communication.
These behaviours specifically
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Figure 1. Tandem-running by Temnothorax albipennis ants.

(A) Schematic view of path taken by a tandem-running pair of Temnothorax albipennis
ants from their nest (N) to a food source (F). (B) Running speed of leader (red line) and
follower (blue line) during the same tandem-run. Tandem leaders have experience of
the food source, whilst followers are naı̈ve of its location. The leader proceeds towards
the food source (red path) so long as the follower (blue path) maintains regular antennal
contact with the leader’s legs or abdomen. Progress of the tandem pair is slowed by
frequent periods when the leader remains still whilst the follower performs a looped
circuit, possibly to memorise landmarks along the path (points 1 and 3) [8]. Once
this exploratory circuit is complete, and the follower re-establishes antennal contact,
the leader continues onwards towards the food. If contact between follower and leader
becomes less frequent during a tandem-run, the leader will slow down to allow the fol-
lower to catch up (point 2).

Current Biology Vol 16 No 9
R324

e.g. Ant tandem running

Dead

Pup age

Disabled

Pup age

Intact

Pup age

e.g. Meerkat feeding
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Version 2: Diagnostic behaviours
e.g. Donating knowledge to ignorant conspecifics at cost

“Teaching”

Diagnosing social intelligence?

Homework idea:
If human teaching is more “intelligent” than these 

examples,
can you make a formal model of the difference?

what experiment (in ants or meerkats) would illustrate the 
difference?
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Version 3: Model ʻeconomicʼ games
Diagnosing social intelligence?

Strategic cooperation/defection

Izuma et al 2011; Yoshida et al 2008; Hampton et al 2008

e.g. Incidental effects

Reaction Times. Reaction time (RT) data in the Donation task
also showed an effect of the Observer condition in the control
but not ASD group (Fig. 3C). To control for the effect of task
familiarity on RTs, we included the order of the two sessions
(Presence session first or Absence session first) as another
between-subject factor. A 2 (group) × 2 (observer) × 2 (session
order) mixed ANOVA showed a trend effect for a group ×
observer interaction [F(1,17) = 3.75, P = 0.070] as well as
a significant observer × order interaction [F(1,17) = 7.89, P =
0.012]. No other effect was significant (all P > 0.22). As a
follow-up, we ran within each subject group a 2 (observer) × 2
(order of session) mixed ANOVA, which revealed main effects
of observer (P = 0.006) and session order (P = 0.008) as well
as their interaction (P = 0.036) in the control group, but no
significant effects in the ASD group (all P > 0.12). These
findings suggest that the group differences in observer effects
we reported earlier are, to some extent, also reflected in
RT data.

Continuous Performance Task. We also had participants carry out
a continuous performance task (CPT) in the presence or absence
of an observer, to determine whether the observer effects we
reported above for the donation task truly reflect differential
effects of social reputation or a broader deficit in social cognition
in the ASD group (such as an inability even to represent the
presence of another person). For the CPT task, both ASD and
control subjects were highly accurate in detecting target stimuli
(99.4% and 99.6%, respectively), and there was no difference in
overall accuracy. We calculated d′ as the dependent variable for
each subject and ran a 2 (group) × 2 (observer) × 2 (session
order) mixed ANOVA. We found only a significant main effect
of observer [F(1,17) = 16.7, P = 0.001], indicating that for both
ASD and control groups their performances were better in the
presence of an observer than when alone (Fig. 3D). The same

mixed ANOVA on response bias revealed no significant effect
(all P > 0.28). Furthermore, the mixed ANOVA on RTs during
the CPT revealed only a significant main effect of session order
[F(1,17) = 7.10, P = 0.016], indicating that RTs of those who did
the Presence session first were faster than those who did the
Absence session first, regardless of group.

Questionnaire-Based Measures. The effect of an observer’s pres-
ence on mood was assessed with the Positive and Negative Affect
Schedule (PANAS) (25), a standardized questionnaire assessing
current positive and negative moods. A 2 (group) × 2 (observer)
mixed ANOVA (separately for positive and negative affect)
revealed no significant effects on either positive or negative af-
fect (all P > 0.28). Furthermore, within each group, neither
positive nor negative mood were correlated with the number of
accepted donations in each condition (all P > 0.26).
We also administered a postexperiment questionnaire that

provided further personality-related measures (Materials and
Methods). Mean ratings on the Social Desirability scale (26),
a measure of the need for social approval, were no different be-
tween two groups (P = 0.53, two-tailed). Although a prior study
has suggested that individuals scoring higher in their need for
social approval were also more susceptible to observer effects
during prosocial decision making (5), we found no correlation with
the strength of the observer effect on our Donation task in either
subject group (control r = 0.10, n.s., and ASD r = 0.18, n.s.).
We also asked questions measuring attitude toward the charity

we used [United Nations Children’s Fund (UNICEF)] and their
perception of the social desirability of donating to this charity.
Subject groups did not differ in their attitude (control mean =
5.27 vs. ASD mean = 4.55; P = 0.36, two-tailed) or their per-
ception of social desirability of donating (control mean = 4.55 vs.
ASD mean = 4.90; P = 0.62, two-tailed).

Fig. 3. Results for Donation and CPT tasks. Blue indi-
cates control subjects, and red indicates ASD subjects.
Dark blue/red indicates the Presence condition, and light
blue/red indicates the Absence condition. (A) Mean
number of accepted donations in each Presence and
Absence condition for both groups. (B) Correlations be-
tween the number of accepted donations in the Absence
condition and the susceptibility to the observer effect
(difference in accepted donations between Presence vs.
Absence condition). Higher value in the y axis indicates
more donations in the Presence condition relative to the
Absence condition. Values of the x axis are jittered to
reduce the overlap of points. (C) Mean RTs in the Do-
nation task. (D) Average d′ in CPT. Higher d′ means
higher sensitivity to target stimuli. For A, C, and D,
P values were based on one-tailed paired t tests. Error
bars indicate SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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e.g. Beauty contest
e.g. ‘Common knowledge’

How could you diagnose which representation an 
individual is using?

Version 3: Model strategies in games
Diagnosing social intelligence?

A challenge: 
distinguishing formal analysis from actual representation.
keeping it fresh.
keeping it social. 
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Version 3: Model strategies in games
Diagnosing social intelligence?

Homework idea:
Design a new game, so that

strategies/moves are diagnostic of specific cognitive & 
social representations.
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A cognitive theory:
Why do people think about mental states? 

When are simpler strategies sufficient?
Are there diagnostic behavioural consequences?

Relationship to other kinds of “intelligence”?

A computational theory:
What representations and algorithms are necessary 

& sufficient?

A neural theory:
How do neurons do it?

Social mind, social brain
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