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Machines with artificial social intelligence (ASI) are designed to either
detect and respond to social signals in the environment or detect and
respond to signals in the environment in a way that is perceived as
social by human users, or some combination of these two possibilities 1.
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Prologue
We’ve been through 2.5 million years of human evolution since our first
hominid ancestors. Our brain size has tripled since the first hominids,
to cope with communication, tool-use, and love 2.
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2. Becker-Phelps, L. (2016). Love: The psychology of attraction. DK.

(Adapted from Becker-Phelps, 2016)



Mentalising ability is a pivotal and fundamental component of human
social intelligence.
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Towards human-compatible autonomous car: A 
study of nonverbal Turing test in automated 
driving with affective transition modelling
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Background
Autonomous cars (AC) have the potential to increase road safety, as
they can react faster than human drivers and are not subject to
human errors.

Despite the potential benefits, there is no large-scale deployment of
autonomous cars yet.

Existing literature has highlighted that the acceptance of the AC will
increase if it drives in a human-like manner.

However, literature presents no human-subject research focusing on
passengers in a natural environment that examines whether the AC
should behave in a human-like manner.

Al-Shihabi & Mourant, 2001; Al-Shihabi & Mourant, 2003; Gu et al., 2017; Hecker 
et al., 2019; Sun et al., 2020.
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How to offer naturalistic experiences from a 
passenger’s seat perspective to measure the 

people’s acceptance of ACs?
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Research question
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The nonverbal Turing test of automated driving
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or
Human driver 

AI driver
Passenger

First-order mentalising
(self-other mentalising)

𝐵 = 𝑓(𝑃, 𝐸)
Kurt Lewin, 1936

Passenger Driving environment

Choice 
behaviour

(Adapted from Wikipedia)

(Wu et al, 2019; Wu et al, 2020)

How do human passengers choose?
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B. Signal detection theory

(1)

A. Participant data

Signal strengthStimuli: Human driver 
and AI driver

vs

Unlikely (1) / somewhat likely (2) / very likely (3)
to be driven by the AI driver
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C. Affective transitionD. Transformation较强烈快乐
Enjoyment (3/4)

较强烈兴趣 Interest (3/4)

较轻微惊奇 Surprise (2/4)

⼀点也没有恐惧 Fear (1/4)

⼀点也没有紧张
Tension (1/4)

较强烈满意
Satisfaction (3/4)

过红绿灯时停车较急促。
The car stopped more 
quickly at traffic lights.
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Comparison on the Outer Loop Cross-Validation of Nested-LOOCV with Baselines

Results of the computational models
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Results of the computational models
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Results of the computational models
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Comparison on the Outer Loop Cross-Validation of Nested-LOOCV with Baselines



Results of the computational models
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Comparison on the Outer Loop Cross-Validation of Nested-LOOCV with Baselines



Every individual makes a difference: 
A trinity derived from linking individual 
brain morphometry, connectivity and 

mentalising ability
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(Adapted from BioRender.com)

Background
Considering the multifaceted nature of mentalising ability 3, little
research has focused on characterising individual differences in
different mentalising components 4.

3. Wu, H., Liu, X., Hagan, C. C., & Mobbs, D. (2020b). Mentalising during social interaction: A four component model.
Cortex, 126, 242–252.

4. Wu, H., Fung, B. J., & Mobbs, D. (2022). Mentalising during social interaction: The development and validation of the
interactive mentalising questionnaire. Frontiers in Psychology, 12.

Self-self mentalisation 
(SS, meta-cognition)

Self-other mentalisation 
(SO, perspective-taking)

Other-self mentalisation 
(OS)
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Background
And even less research has been devoted to investigating how the
variance in the structural and functional patterns of the amygdala and
hippocampus, two vital subcortical regions of the ‘social brain’ 5, 6,
are related to inter-individual variability in mentalising ability.

5. Bickart, K. C., Dickerson, B. C., & Barrett, L. F. (2014). The amygdala as a hub in brain networks that support social life.
Neuropsychologia, 63, 235–248.

6. Montagrin, A., Saiote, C., & Schiller, D. (2018). The social hippocampus. Hippocampus, 28, 672–679.

Amygdala
Hippocampus

(Adapted from BioRender.com)
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Whether inter-individual variability in the 
structural or functional patterns of the above 
two brain regions is associated with that in 

different mentalising components?
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Research question
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Rs-FC: Resting-state functional connectivity 
Left amygdala

Right amygdala
0

0.76

Left hippocampus

Right hippocampus 0

0.76
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IMQ: Interactive mentalisation questionnaire 3, 4 
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3. Wu, H., Liu, X., Hagan, C. C., & Mobbs, D. (2020b). Mentalising during social interaction: A four component model.
Cortex, 126, 242–252.

4. Wu, H., Fung, B. J., & Mobbs, D. (2022). Mentalising during social interaction: The development and validation of the
interactive mentalising questionnaire. Frontiers in Psychology, 12. 15



IS-RSA: Inter-subject representational similarity analysis
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Hypothesis 1
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We predicted that
1) the levels of mentalising ability would correlate

positively with the dissimilarity in amygdala and
hippocampal morphometry and connectivity;

2) dissimilarity in functional and structural patterns
would positively covary with each other.



Hypothesis 1

(Adapted from Wikipedia)
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Three distinct 
modalities will share 

one essence, i.e., there 
is a structure that 

existed in idiosyncratic 
patterns of brain 

morphometry, 
connectivity and 

mentalising ability, and 
we termed it as ‘trinity’.



There will be a region-related specificity in associations among
different mentalising components and amygdala or hippocampal MMS
and rs-FC.

Hypothesis 2

(Adapted from PriMed)
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Ye et al., 2019;
Zou & Kwok, 2022

Allen et al., 2017;
Alkan et al., 2020

Self-self mentalisation 
(SS, meta-cognition)



There will be a region-related specificity in associations among
different mentalising components and amygdala or hippocampal MMS
and rs-FC.

Hypothesis 2

(Adapted from Banker et al., 2021)
18

Relational integration theory 
(O’Keefe & Nadel, 1978; Rubin et al., 2014)

Self-other mentalisation (SO, perspective-taking)



There will be a region-related specificity in associations among
different mentalising components and amygdala or hippocampal MMS
and rs-FC.

Hypothesis 2

(Adapted from Schacter, 2012) 18

Constructive memory theory 
(Schacter, 2012)

Self-other mentalisation (SO, perspective-taking)

Hippocampal responses to encoding simulations of future events



There will be a region-related specificity in associations among
different mentalising components and amygdala or hippocampal MMS
and rs-FC.

Hypothesis 2

(Adapted from Earth.com) 18

Other-self mentalisation (OS, the ability to see ‘ourselves 
from the outside’)

Koscik & Tranel, 2011;
Haas et al., 2015;

Santos et al., 2016;
Eskander et al., 2020

Wu et al., 2022



Subject pairs with similar hippocampal MMS will have even greater SS
and SO similarity if they are also similar in hippocampal rs-FC.

Hypothesis 3

(Adapted from thoughtco.com) 19

In a similar vein, subject pairs with similar amygdala MMS will have
even greater OS similarity if they are also similar in amygdala rs-FC.
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Results of IS-RSA
A region-related mentalising specificity emerged from the trinity.

‘LA’ for left amygdala; ‘RA’ for right amygdala; ‘LH’ for left hippocampus; ‘RH’ for right hippocampus
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Results of dyadic regression analysis
(b) MMS-rs-FC interaction:

Estimated effects
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Summary

22

1. The current work defines an integrative trinity framework that
provides a testable basis for understanding individual differences
in brain morphometry, connectivity and mentalising ability.

2. Our study reveals the existence of a region-related specificity: the
variation of SS and SO are more related to individual differences
in hippocampal MMS and rs-FC, whereas the variation of OS
shows a closer link with individual differences in amygdala MMS
and rs-FC.

3. Our data suggest that rs-FC gates the MMS predicted similarity in
mentalising ability, revealing the intertwining role brain
morphometry and connectivity play in social cognition.
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