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Overview

Part 1 —What'is’ empathy — concepts and key processes
Part 2 — Empathy and affect sharing
Part 3 — Empathy and self-other distinction

Part 4 — Empathy and (pro)social behavior



Part 1- Let’s talk definition(s)

In Social Neuroscience, we tend to define empathy like this:
Empathy entails ...

an affective statef/response,

isomorphic to/sharing (in part) the one of the target (i.e., the person
| show empathy for),

evoked by the observation or imagination of the target’s affective
state

with (some) awareness that the target is the source of my own
affective (empathetic) state.

cf. Vignemont & Singer, Trends in Cognitive Sciences 2006; vgl. Singer & Lamm, Ann NY Acad Sci 2009



Empathy and related concepts

Mimicry Emotional Contagion
Motor contagion Affect contagion

https://www.slideshare.net/slideshow/ss-24541754/24541754
http://criandomultiples.blogspot.com/2010/11/los-bebes-no-son-soldados.html
https://slideplayer.es/slide/13746862/
https://www.humancondition.com/empathy-vs-sympathy/
https://ru.pinterest.com/pin/245094404696602987/



https://www.slideshare.net/slideshow/ss-24541754/24541754
http://criandomultiples.blogspot.com/2010/11/los-bebes-no-son-soldados.html
https://slideplayer.es/slide/13746862/
https://www.humancondition.com/empathy-vs-sympathy/
https://ru.pinterest.com/pin/245094404696602987/

From mimicry and emotion contagion ...



https://www.youtube.com/watch?v=qBay1HrK8WU

Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.




..to empathy, compassion, and (prosocial) behavior
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Mimicry Emotional Contagion Empathy Compassion: Altruism/Prosocial behavior
Motor contagion  Affect contagion Feeling as the other Feeling for another Costly acts of support to
affect sharing & self- + concern and care another
other distinction + behavior

automatic regulated



hree key processes

)

Vicarious affect
Largely «bottom-up»
~automatic (perception & memory functions)

https://youtu.be/GpQVz7ullYE?si=IkEORLsx8BqudZTo

Self-Other Distinction

o

Perspective taking / cognitive regulation
Largely «top-downy»
~regulated (executive functions)

https://www.amnesty.hu/



https://youtu.be/GpQVz7u0IYE?si=IkE0RLsx8BqudZTo
https://www.amnesty.hu/







Part 2 - Empathy and affect sharing

Empathy entails ...
an affective state/response,

isomorphic to/sharing (in part) the one of the target (i.e., the person |
show empathy for),
But what do we share, and how do we share the affect of others?



Part 2 - Empathy and affect sharing

Empathy entails ...
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"l know exactly how you feel." "I know exactly how you feel."



Part 2 - empathy and affect sharing

Empathy for pain: shared activations in pain areas =2 shared affect?

C. Lamm et al. / Neurolmage 54 (2011) 2492-2502

Pain > No Pain: Self and Other

Other/Pain > No Pain N Self/Pain > No Pain c————
Self/Pain > Self/No Pain | —




Affect sharing - shared neural representations?

Reactivation of

‘second-hand’ similar K%
emotions/empathy | bodily/emotional

Qesentations

First-hand
emotions




Affect sharing - shared neural representations?

However ...
Mere overlap of fMRI activations does not necessarily indicate
engagement of equivalent processes or brain functions (,neural

computations®) . Cel
\9 LiFe
Somatic and vicarious pain are The Anatomy of Suffering:
represented by dissociable multivariate Understanding the Relationship
brain patterns between Nociceptive and
ioos! Gut, Marina Lopos S, P L acksort, Jesis PufT i Fan, Empathm Pam

Tor D Wager
Jamil Zaki,'* Tor DWg T Sg

Chris tanKy dVI a Gazzola®

fMRI is a neural correlate measure = no causality or ,mechanistic"
insights

16



From self to other in empathy for pain

How can we gain more
mechanistic insights on
the level of functional First-hand pain

correspondence between

first-hand pain and Placebo or
empathy for pain? Empathy for pain opioid
antagonist
Self-report -
B
ERPs ,

pharmacology

17



Markus Rutgen

Pain and pain empathy self-report

MAGNETIC RESONANCE
4 _ IMAGING (MRI)

Pain - No pain (mean +/- S.E.M.)

Pain rating Pain rating Unpleasantness rating

Self-directed Other-directed Other-directed Ritgen et al., PNAS 2015
J Neurosci 2015; Cerebral Cortex 2021



Activation in alns and aMICC

Brain activation Pain - No pain (mean +/- S.E.M.)
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Self left Al
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Other left Al Other aMCC

Pain > No Pain: Self and Other

Other/Pain > No Pain N Self/Pain > No Pain
Self/Pain > Self/No Pain

Other right Al



From correlates to an opiodergic mechanism?

fMRI results: lowered self pain = lowered empathy for pain

But: fMRI is a ,,neural correlate measure" — how can we relate
effects more specifically to neurochemical processes?

@@ Block opioidergic transmission: opioid antagonist Naltrexone

= Hypothesis: if effects disappear with Naltrexone, they are
related to opioidergic system

Two groups:
Placebo induction —with Naltrexone (N = 25, 4 non-resp.)
Placebo induction — without Naltrexone (N = 25, 1 non-resp.)



Psychopharmacological study

n.s

Pain - No pain (mean +/- S.E.M.)

3.5

2.5

1.5

0.5

Pain rating
Self-directed

Pain rating

Other-directed

B Placebo-Naltrexone
Placebo-Placebo

Unpleasantness rating
Other-directed

Rutgen et al., PNAS 2015; replication: Neuropsychologia 2018



Converging evidence across methods and species

“elLife Pain Analgesia

Current Biology

CFA pain CFA pain and CFA pain

Empathic pain evoked by sensory and Emotional Mirror Neurons in the Rat’s Anterior | morphine
emotional-communicative cues share Cingulate Cortex '

common and process-specific neural

representations Graphical Abstract Authors

Feng Zhou'2*, Jialin Li", Weihua Zhao', Lei Xu', Xiaoxiac Zheng', Meina Fu’, Maria Carrillo, Yinging Han,

Shuxia Yao', Keith M Kendrick', Tor D Wager?, Benjamin Becker'*

. . s . s pain mirror neurons____|  Filippo Migliorati, Ming Liu, = . = 804
"Clinical Hospital of Chengdu Brain Science Institute, MOE Key Laboratory for — e - . L = 2 = -
Neuroinformation, University of Electronic Science and Technology of China, % -~ Valeria Gazzola, Christian KE‘)FSEI'S = :
Chengdu, China; Department of Psychological and Brain Sciences, Dartmouth — g %
College, Hanover, United States g "i_’ E El:l .
3 Correspondence = =
Zhou et al. eLife 2020;9:56929. DOI: hittps://doi org/ 10,7554 - c.keysers@nin.knaw.nl = =
A Examples of vicario g = 1 — .i|:|
[<] . X @
NS vicarious pain NS control FE vicarious pain FE control "8 In Brief ‘E =
-
LE Carrillo et al. show the rat anterior E e 20
7% i /; ) 3 @ cingulate cortex contains emotional f @
ﬁl 1 B 3 c mirror neurons that respond when a rat = = 0
‘@ experiences pain and witnesses another '::5-\. _'f o
0. rat in pain but not while experiencin ) £ “I
> = ¢ & B, g
H ((g another salient emotion, fear. After oy 4 ’EJ'V fi'/_r
cingulate deactivation, rats show (-3 T
% “ : G reduced distress when witnessin
C Overlapping regions from whole-brain multivariate pattern analyses (FDR g < 0.05) ) . 9
g another receive a shock. - __ A
w NEUROSCIENCE ,-'I i
5 Anterior cingulate inputs to nucl b ACC e
e N {—"{-”gﬁ 3 erior cinguiate Inputs to nucieus accumnens
AN £ -*\5 control the social transfer of pain and analgesia
2N FARSO) p B!
- il L R ¥ Monique L. Smith, Naoyuki Asada, Robert C. Malenka*
A ,:_ = 7~ 7‘_’:‘ ;\ Highlights
- iij\‘&\_\ &2 JZoX ; * Rat ACC contains mirror-like neurons responding to pain
Wy . _
e experience and observation Smith et al, Science 371 eabe3040 (2021)

* Most do not respond to another salient negative emotion: fear

e One can decode pain intensity in the self from a pattem

s decoding pain in others . )

// s -',“ ‘ _ o L ) Dependent on ACC-NAc projections

;‘:‘: Q 3 : « Deactivating this region (area 24) impairs the social
R & transmission of distress

. . OO

A s 5

g~ ‘};‘f“"“

talks today and tomorrow by Valeria (Gazzola), Monique (Smith), and Tor (Wager)




Part 2 - Summary

C. Lamm et al. [ Neurolmage 54 (2011) 2492-2502

1an animal studies suggest
Pain > No Pain: Self and Other

1gion) entails neural sharing of

notivational component of pain -

Pain empathy and pain are maybe
iIsomorphic, but certainly not
identical experiences!

Other/Pain > No Pain N Self/Pain > No Pain |
Self/Pain > Self/No Pain | —




Part 3 — empathy and self-other distinction

In Social Neuroscience, we tend to define empathy like this:
Empathy entails ...
an affective statef/response,
isomorphic to/sharing (in part) the one of the target (i.e., the person
| show empathy for),
evoked by the observation or imagination of the target’s affective
state

with (some) awareness that the target is the source of my own
affective (empathetic) state.

cf. Vignemont & Singer, Trends in Cognitive Sciences 2006; vgl. Singer & Lamm, Ann NY Acad Sci 2009



htt.s://www.ﬂickr.com https://begrip.be/perception/
http://news.bbc.co.uki https://quilin99.word
https://www.shutterstc _...__...



https://www.flickr.com/photos/83621768@N00/3876368521/
http://news.bbc.co.uk/2/hi/uk_news/4054153.stm
https://www.shutterstock.com/editorial/image-editorial/austria-vienna's-michael-liendl-l-stands-over-8471126d
https://knowwithoutborders.org/unpacking-design-thinking-empathy/empathy-belly/
https://guilin99.wordpress.com/2010/06/08/bener-bener-gila-pipi-dilubangi-dengan-jangkar/

rSMG/raTPJ as a mechanism of self/other distinction

Other Judgment Emotional Egocentricity Bias
Incongruent Congruent 7
_Self  Other Self _ Other \
"E o - . v ® N x| T‘ ':"q -"' :“.\\‘
2 Y. ‘z . / Vi |
o a&

y -:”i'_"t.' __y

roge 0.0
Egocentricity bias = Incongruent — Congruent T

[T (A -A2)+H(As-Ad) ] /2

Other Judgment . .
ke \erten r'SMG is involved in
: overcoming
Z B emotional egocentricity
E by increasing connectivity of
5 , I . somatosensory and visual areas)
b ! QO Seed region: rSMG
-7 @ |Increased connectivity with rSMG
-8

Pleasant [J Incongruent M Congruent QO Sl &Sl hand area
Unpleasant O Incongruent @ Congruent 26



Self/other distinction across the lifespan?
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EEB across the life span

Emotional
Egocentricity Bias

=
N

adolescents young adults middle-aged adults
(12-17 yrs.) (20-30 yrs.) (33-55 yrs.)

Riva et al., Front Aging Neurosci 2016;
Neurobiology of Aging 2022

older adults
(63-78yrs.)

No activation differences, but differences in connectivity ...
between somatosensory (,private”) and visual (,public®)
areas
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Part 4: From affect sharing to prosocial behavior

(5 oy -

Butlsy

"l know exactly how you feel."



Part 4: From affect sharing to prosocial behavior

Prosocial behavior:
++-. Across mammalian species, animals display various forms of prosocial
behaviors —comforting, helping, and resource sharing —to support others’
emotions, goals, and/or material needs.”

Trends in
Neurosciences

Empathy and related concepts
are only one possible driver of prosocial
behavior Ye Emily Wu' and Weizhe Hong ®

Neural basis of prosocial behavior

Empathy-Altruism hypothesis (cf. Dan Batson's work)

ﬁé talk today by Weizhe Hong



Part 4: From affect sharing to prosocial behavior

ASSOCIATION FOR
Research Article PSYCHOLOGICAL SCIENCE

Extraordinary Altruists Exhibit Enhanced

D Individual differences in altruism/prosocial behavior
= Extraordinary altruists: donated a kidney to a stranger (0 Distress 0 el Responses

®SAGE

Kristin M. Brethel-Haurwitz! ©, Elise M. Cardinale?,
Kruti M. Vekaria? ] Emily L. Robertson?, Brian Walitt*
John W. VanMeter®, and Abigail A. Marsh?

D, ¢ Doy F Penns, Ivania: 2 eyl

Do they differ in terms of affect sharing/self-other overlap
in an empathy for pain paradigm?

d b
Pain Threat 3 — Altruists
Controls
e
> 2
2 &
i) =
= &
= = 1
=
S
@ 0
}:Ei
5 ﬁ Abigail (Marsh) later today
E 3
8 = -2
=
3

i | -3 -2 -1 0 1 2 3
0 z 7.5 Left Al Experienced Pain (Standardized Residual)




Affect sharing and prosocial behavior

But: individual differences only allow correlative evidence/conclusions,
no causal-mechanistic insights as to the role of affect sharing

EEEEEEEE

Does lowering pain sensitivity by
painkillers also influence actual
(pro)social behavior, and social
interactions, and not ,just' empathy?




Helena Hartmann

Prosocial effort is reduced by lower empathy

Prosocial 1 -

- - = - 2 Placebo
< —r— — T . o .
Effort Task =00 IS = + z : analgesia
H 0.8 L ° (1] 1) g-
s . . . . - Control
§ 077 ° ° .‘. ' % .
S 05 - - 2
L » ™ ° o0 —
'g 05 7 o0 )
2
Reduce # o 047 :
of shocks S 037
£ 02
&
ﬁ Pat (Lockwood) g o
later today 0
| | | T T T T T
group con pla con pla con pla con pla con pla
number of shocks 5 4 3 2 1

Level of prosociality

- Reducing empathy by (placebo) painkiller also reduces helping behavior
Hartmann et al., Psychol Sci 2022



Wrapping things up




Wrapping things up

Take-home message

https://slideplayer.com/slide/9525438/, 24.6.24

“* Empathy is a complex and multi-faceted phenomenon

* ....in which multiple automatic and requlated processes
are orchestrated

“* Entails self-other affect sharing, but also self-other
distinction

“* Empathy is not synonymous to compassion or
prosociality, nor morality

“* A neuroscientific lens provides mechanistic insights that
may help us better understand how we (mis)understand
each other


https://slideplayer.com/slide/9525438/
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Neuroscience and Biobehavioral Reviews 163 (2024) 105769

Further reading e —

Neuroscience and Biobehavioral Reviews
Placebo analgesia and its opioidergic regulation
suggest that empathy for pain is grounded in self pain

Markus Riitgen?, Eva-Maria Seidel®, Giorgia Silani®<, Igor Rie¢ansky®?, Allan Hummer®', Christian Windischberger®",

journal homepage: www.elsevier.com/locate/neubiorev
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Further reading
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sharing unpleasant affect — evidence for pain-specific opioidergic modulation of empathy for pain. bioRxiv.
https://doi.org/10.1101/2020.06.10.143495

Lengersdorff, L. L., Wagner, |. C., Lockwood, P. L., & Lamm, C. (2020). When Implicit Prosociality Trumps Selfishness: The
Neural Valuation System Underpins More Optimal Choices When Learning to Avoid Harm to Others Than to Oneself. The
Journal of Neuroscience, 40(38), 7286—7299. https://doi.org/10.1523/JNEUROSCI.0842-20.2020

Rutgen, M., Seidel, E. M., Pletti, C., Riecansky, I., Gartus, A., Eisenegger, C., & Lamm, C. (2017). Psychopharmacological
modulation of event-related potentials suggests that first-hand pain and empathy for pain rely on similar opioidergic
processes. Neuropsychologia, 116, 5-14. http://doi.org/10.1016/j.neuropsychologia.2017.04.023

Rutgen, M., Seidel, E. A,, Silani, G., Riecansky, G., Hummer, A., Windischberger, C., Petrovic, P., & Lamm, C. (2015). Placebo
analgesia and its opioidergic regulation suggest that empathy for pain is grounded in self pain. Proceedings of the National
Academy of Sciences, 112(41), E5638-E5646. https://doi.org/10.1073/pnas.1511269112

Rutgen, M., Seidel, E.M., Riecansky, |., & Lamm, C. (2015). Reduction of empathy for pain by placebo analgesia suggests
functional equivalence of empathy and first-hand emotion experience. Journal of Neuroscience, 35(23), 8938-8947.
https://doi.org/10.1523/JNEUROSCI|.3936-14.2015

7286 - The Journal of Neuroscience, September 16, 2020 - 40(38):7286-7299

Behavioral/Cognitive

When Implicit Prosociality Trumps Selfishness: The Neural
Valuation System Underpins More Optimal Choices When
Learning to Avoid Harm to Others Than to Oneself

Lukas L. Lengersdorff,! “Isabella C. Wagner,' ““Patricia L. Lockwood,>* and “Claus Lamm*


https://doi.org/10.1101/2020.06.10.143495
https://doi.org/10.1523/JNEUROSCI.0842-20.2020
http://doi.org/10.1016/j.neuropsychologia.2017.04.023
https://doi.org/10.1073/pnas.1511269112
https://doi.org/10.1523/JNEUROSCI.3936-14.2015

No replication of previous transfer of placebo analgesia to empathy

behavior ...
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Group Group Group Group
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Hartmann et al. (in prep)



No effects of placebo analgesia on self-related motivation in a one-shot task

MVC (M £ SEM)

MVC when gaining money for oneself
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Session overview

Placebo Analgesia Manipulation

Group 1
[ Placebo .
i ' First-hand an
® induction .
e Prosocial
- — & L + conditioning Effort Task Emp.athy for
- h procedure Pain Task
< (,,analgetic” pill) | |
Participant Anonymous role Group
& same-sex assignment: Control
confederate Decider and \ (no pill +
(arrive separately) Receiver of pain waiting time)

v

90 right-handed subjects (45 per group, balanced gender ratio)

Hartmann et al. (in prep)



No effects of placebo analgesia on general strength over the session

MVC (M + SEM)

MVC calibrations over the course of the session
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MVC = maximum voluntary contraction; Hartmann et al. (in prep)



No effects of placebo analgesia on mood over the course of the session

Mood rating (M + SEM)

Positive mood over the session
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Empathy and prosocial behavior

Lukas Lengersdorff

Empathy and prosocial behavior —a i
neurocomputational account




Empathy and prosocial behavior

Prosocial learning of harm-avoidance:
Learning to avoid actions that would cause other people harm

fMRI study (N = g6)

Forced-choice task

,Bad" symbol:
70% chance of pain

,Good" symbol:
30% chance of pain

Markus

Pain delivered to
self or other

Lengersdorff et al., J Neurosci 2020



Empathy and prosocial behavior

90 -+
Participants made more optimal .
choices for the other person than 2
= 701
for themselves E
g 60 - Condition
g ' Self
0T -=-======-- — Other
Why7 = computational modeling 2 4 6 8 10 12 14 16

Trials

Reinforcement learning models
Possibly different learning rates o and inverse temperature B for prosocial and self-oriented
learning

1

1+ etBlVai—Vss) Vaern = Vae TR = Vay)

P(choice, = A|Vay, Vi) =

Lengersdorff et al., J Neurosci 2020



Empathy and prosocial behavior

Modeling results: -

Higher inverse temperature B for
prosocial learning

I
1.5 4 :
- - 1
No differences in learning rate a B —

= Higher sensitivity to values of possible
actions that could cause others harm

U-B,Other

Correlation between affective empathy and Bq,por— Bser:
The more participants share emotions, the more sensitive they are to other-related values

Lengersdorff et al., J Neurosci 2020



Empathy and prosocial behavior

During prosocial choices:
Increased connectivity between
ventromedial PFC and rTPJ

Interplay of the value network
and the ,social brain™:

Optimal decisions for other require
perspective taking?

Increased need for self-other
distinction?

Lengersdorff et al., J Neurosci 2020



Summary:

Empathy and prosocial behavior

Humans are particularly adept at learning to protect others
from harm = ,Intuitive prosociality"?

They are more sensitive to the relative values of different
actions when these might affect others...
... and this sensitivity increases with affective empathy

Prosocial learning = increased communication between
brain areas for value processing and social cognition



Intuitive prosociality or selfishness?

However: People are ,selfish learners™ when they can

gain money for self vs. others V
Lower learning rate a for prosocial learning
= Quicker change of behavior

Choice behavior
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Intuitive prosociality or selfishness?

Importance of outcome modality: ,,wealth vs. health"
Hyperaltruistic learning when other's physical integrity is at stake
Selfish learning when financial outcomes are at stake

Implications for research on prosocial behavior: Investigate different outcomes and contexts!

Social Cognitive Neuroscience and computational modeling can provide important insights into the
cognitive, affective and motivational antecedents (,proximate mechanisms") of prosocial behavior



Empathy for pain
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Empathy — concepts and processes

The age of empathy?

"The world doesn't just revolve around
you. There's a lot of talk in this
country about the federal deficit.

: But | think we should
' talk more
- about our

% empathy deficit."
. Barack Obama

Join the movement at CultureOfEmpathy.com
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