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In academic and public life empathy is seen as a fundamental force of morality — a psychological phenomenon,
rooted in biology, with profound effects in law, policy, and international relations. But the roots of empathy are
not as firm as we like to think. The matching mechanism that distinguishes empathy from compassion, envy,
schadenfreude, and sadism is a product of learning. Here I present a dual system model that distinguishes
Empathy’, an automatic process that catches the feelings of others, from Empathy?, controlled processes that
interpret those feelings. Research with animals, infants, adults and robots suggests that the mechanism of
Empathy’, emotional contagion, is constructed in the course of development through social interaction. Learned
Matching implies that empathy is both agile and fragile. It can be enhanced and redirected by novel experience,
and broken by social change.

1. Introduction

Some people think that empathy, feeling what others are feeling, is
a wonderful thing - a friend of social justice, good parenting, humane
healthcare, and life-enhancing personal relationships (Batson, 2011;
Zaki, 2018). Others believe that empathy makes us innumerate and
biased - inclined to favour the few over the many, members of our own
clique over deserving strangers (Bloom, 2017). Opinions about the
value of empathy are deeply divided, but many researchers, politicians
and social commentators on both sides of the debate assume that hu-
mans are born with a propensity to feel what others are feeling, an
instinct favoured by evolution to make us better parents and players for
the local team (Bazelgette, 2017; de Waal and Preston, 2017; Preston
and de Waal, 2002). This article challenges that assumption.

2. What is empathy?

Concepts like empathy (see Fig. 1), that are important in both
science and everyday life, attract a variety of definitions (Batson, 2009).
Scientists with a special interest in how we understand the minds of
others tend to define empathy, or ‘cognitive empathy’, as a component
of mindreading (Ickes, 1997). On this view, I empathise with you
whenever I understand that you are sad. It does not matter whether
knowing this about you makes me sad, or happy, or has no emotional
effects on me at all. On the other hand, those who regard empathy
primarily as a force for good in public and personal life tend to identify
empathy with any sort of generous or compassionate feeling towards
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others (Batson et al., 2005; Pavey et al., 2012). My wish for you to do
well, and to avoid suffering, is empathic regardless of where it came
from and what you are currently feeling. My emotional state need not
be similar to yours.

However, most contemporary neuroscientists, psychologists and
philosophers anchor their definition of empathy to a matching relation
between the emotions of two people, an ‘agent’ and a ‘target’. An
agent’s response to a target’s emotion is empathic if it is caused by and
resembles, or matches, the target’s emotion. I am empathising if your
sadness makes me feel sad, but not if it brings me pleasure. Most cog-
nitive scientists also agree that the matching relation that defines em-
pathy can be produced in a simple way, known as ‘emotional contagion’
or ‘experience sharing’, or in a more complex way, known as ‘empathic
understanding’, ‘affective empathy’ or ‘emotional empathy’ (Decety and
Meyer, 2008; Zaki, 2014).

Building on these areas of agreement, the dual system model in
Fig. 2 proposes that empathic responses can be produced by either or
both of two functional systems. The first system, Empathy’, operates
automatically, develops early in humans, and is found in a wide range
of other animals. The second, Empathy?, involves controlled proces-
sing, develops later, and, insofar as the controlled processing involves
mindreading, may be uniquely human. Empathic responses produced
solely by Empathy® are usually described as ‘emotional contagion’,
whereas those produced solely by Empathy?, or by the combined op-
erations of Empathy! and Empathy? provide examples of ‘empathic
understanding’.

Empathy begins with an emotional stimulus relating to another
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Glossary

Affect mirroring: imitation by others of an agent’s emotional displays; typically imitation of infants by
caregivers.

Automatic processing: information processing that is fast, parallel, typically unconscious, and makes
minimal demands on working memory. Within the dual system model of empathy (Box 1), automatic
processing is characteristic of Empathy?.

Canalized: the development of a characteristic, such as a psychological process, is canalized when it is
invariant across a broad range of environments.

Controlled processing: information processing that is relatively slow, serial, sometimes conscious, and
makes demands on working memory. Behaviour resulting from controlled processing is typically
described as ‘voluntary’, ‘intentional’, or ‘goal-directed’. Within the dual system model of empathy
(Fig 2), controlled processing is characteristic of Empathy?.

Emotional contagion: rapid, unintentional transmission of an emotional response from one individual
to another.

Empathy: | call an agent’s response to a target’s emotion ‘empathic’ if the response is caused by and
resembles the target’s emotion. Some researchers are more restrictive, reserving ‘empathic’ for
voluntary responses (mediated, at least in part, by Empathy?), or for voluntary responses that occur
when the agent believes their emotional state to have been caused by that of the agent (mediated by
metacognitive as well as cognitive processes in Empathy?).

Learned Matching: a hypothesis suggesting that Empathy* depends on a matching mechanism
constructed in the course of development by associative learning. The input for associative learning
comes from self-stimulation, affect mirroring, and synchronous emotion.

Matching emotional association: a bidirectional excitatory link between an exteroceptive cue (e.g. a
facial expression) and an interoceptive cue (motoric or somatic) belonging to the same emotional
category.

Matching mechanism: a neurocognitive mechanism producing fast, emotionally congruent responses
to the emotional states of other agents. Within the dual system model, the mechanism is called
Empathy?, and consists of matching emotional associations.

Metacognitive: in the dual system model ( Fig 2 ), the term ‘metacognitive’ refers to cognitive
processes that represent the emotion-relevant cognitive processes of the self and others.

Mirror neurons: a label originally used for single neurons that discharge when the agent performs an
action and when s/he passively observes the same action performed by another individual. ‘Mirror
neuron’ and ‘mirror mechanism’ are now used more liberally to refer to any area of the brain that
responds similarly to direct and vicarious experience.

Mindreading: representing the mental states, thoughts and feelings, of the self and others. Also known
as ‘mentalising’ and ‘theory of mind’.

Synchronous emotion: two or more agents with perceptual access to one another exhibit similar
emotional responses at the same time.

Fig. 1. Glossary of key terms used in this article.
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Fig. 2. Dual system model of empathy.
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agent, the ‘target’ (see left side of Fig. 2). This may be a facial or bodily
gesture (e.g. wincing or punching the air); a vocalisation (screaming or
laughter); an emotive situation (a needle entering flesh or a person
winning a race); or a verbal description evoking imagination of such
events. In Empathy’, the emotional stimulus automatically triggers a
motoric and/or somatic response via neural circuits in areas including
the premotor cortex, inferior parietal lobe, and posterior superior
temporal sulcus (motor activation), and the anterior insula and anterior
cingulate cortex (somatic activation) (Zaki and Ochsner, 2012). This
activation is ‘automatic’ in the sense that it is rapid, makes little de-
mand on executive function, and is minimally dependent on the agent’s
intentions. The automatic response - which may or may not be de-
tectable by a casual observer or even by the agent herself - consists of
behavioural and/or visceral changes that make the emotional state of
the agent more like that of the target. For example, the sight of
frowning triggers a frowning response in the agent’s facial muscles, and
the sight of a needle entering flesh triggers fear-related elevation of
heart rate and respiration.

At least in humans, the automatic response that is the output of
Empathy' often becomes an input for Empathy® (see right side of
Fig. 2). Controlled processes, mediating goal-directed action, appraise
the automatic response alongside information about the context of the
emotional stimulus (e.g. fictional or real), the agent’s relationship with
the target (e.g. in-group or out-group), and the agent’s current priorities
(Wondra and Ellsworth, 2015; Zaki, 2014). More broadly, Empathy®
processes information about the outcomes of various actions taken in
the presence of this kind of emotional stimulus in the past.

The controlled processing of Empathy? may involve metacognitive
as well as cognitive appraisal. For example, the agent may con-
ceptualise the target as being in a particular emotional state (‘He is
anxious’), conceptualise herself as being in the same emotional state (‘I
am anxious’), and infer that the target’s state caused her own state (‘I
am anxious because he is anxious’) (De Vignemont and Singer, 2006).

Both cognitive and metacognitive appraisal can have two kinds of
effect. They can modulate the output of Empathy’, amplifying or
dampening the automatic response, and they can produce a controlled
response, an action involving approach to, or avoidance of, the emo-
tional stimulus. Whether they result from metacognitive appraisal, or
just cognitive appraisal, controlled responses may be prosocial or an-
tisocial — they may help and comfort, or thwart and disturb, the target.

In principle, Empathy? could operate alone (dashed lines in Fig. 2).
Cognitive and metacognitive appraisal could yield a matching emo-
tional state without automatic motoric and/or somatic activation
(Empathy'). How commonly this occurs, in the laboratory and in ev-
eryday life, is an open empirical question. Several considerations sug-
gest that Empathy? rarely acts alone:

1) Studies using behavioural and physiological measures suggest that
automatic matching responses to emotional stimuli are ubiquitous in
adult humans, leaving little opportunity for Empathy? to function
alone. For example, electromyographic (EMG) recording from
muscles in the face and arms, and measurement of changes in heart
rate, respiration, and sweating, have indicated rapid, unintended
matching responses to facial expressions of happiness, anger and
fear (Dimberg, 1982; Kelly et al., 2016; Moody et al., 2017); body
postures associated with anger (Berger and Hadley, 1975); and non-
verbal vocalisations expressing happiness, sadness, anger and dis-
gust (Hawk et al., 2012).

Meta-analysis of functional magnetic resonance imaging (fMRI) data
indicates that certain areas of the brain are active during the gen-
eration of all empathic responses, regardless of whether the task
encourages or discourages appraisal (Empathy?), and many of these
common areas — such as the supplementary motor area, anterior
insular and anterior cingulate cortex - are associated with automatic
motoric and somatic activation (Empathyl) (Fan et al.,, 2011;
Gonzalez-Liencres et al., 2013; Lamm et al., 2011).
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3) Research using event-related potentials (ERPs) to study empathic
pain has found an early (~140ms) neural response, indicative of
automatic activation (Empathy'), which occurs both when subjects
are distracted, and when they are encouraged to appraise the
emotional stimulus (Empathyz) (Fan and Han, 2008; Decety and
Cowell, 2014).

These three lines of evidence suggest that Empathy!, automatic
activation of matching motoric and somatic responses, plays a crucial
role in human empathy. The cognitive and metacognitive processes of
Empathy? are needed to select and launch intentional empathy-based
action — prosocial or otherwise — but Empathy’ is the matching me-
chanism that makes my body feel your emotion.

3. Where does Empathy' come from?

It is widely assumed that Empathy” is an innate mechanism; that we
humans, and some other animals, have a genetically inherited, devel-
opmentally canalized propensity to respond automatically to emo-
tional stimuli with matching emotion (de Waal and Preston, 2017;
Doherty, 1997; Gonzalez-Liencres et al., 2013; Hatfield et al., 2014;
Hoffman, 2001; Meltzoff, 2011; Pavey et al., 2012; Preston and de
Waal, 2002). This nativist view is especially prominent in Preston and
de Waal’s ‘perception-action model’ of empathy (PAM; de Waal and
Preston, 2017; Preston and de Waal, 2002). The nativist view suggests
that during the early evolution of mammals, when parental care was
becoming important, and during primate evolution, when cooperation
among group members was increasingly at a premium, natural selection
favoured genes promoting Empathy’. For example, individuals who had
a propensity to respond to distress with distress, rather than aggression,
were more likely to survive and reproduce because they were better
able to care for their offspring, and more likely to be alerted to danger
by others in their social group.

The nativist view is plausible because emotional contagion has been
found in a range of animal species, and we are apt to assume that rapid,
unintentional, adaptive responses — especially those we share with
other animals - are due to dedicated, genetically inherited mechanisms
(de Waal and Preston, 2017; Preston and de Waal, 2002). However, the
evidence to be surveyed in this article suggests that Empathy’ is con-
structed in the course of development by domain-general processes of
associative learning. According to this Learned Matching hypothesis,
the automatic activation characteristic of Empathy’ depends on a set of
learned associations. Each of these matching emotional associations
connects, in a bidirectional excitatory way, a distal sensory cue (e.g. an
emotional facial gesture or vocalisation) with a motoric or somatic
response belonging to the same emotional category (Bird and Viding,
2014; Heyes and Bird, 2007). These connections are forged in situations
where the experience of a particular emotion ‘from the inside’ is cor-
related with observation of the same emotion ‘from the outside’.

In the case of vocalisations, such as crying, and some bodily ex-
pressions of emotion, such as fist clenching, the association-building
situations do not necessarily involve another agent - self-stimulation is
sufficient. When a baby hears herself crying she is exposed to a con-
tingency or correlation between the sound of crying (a distal sensory
cue) and feelings of distress. The sound of hunger, fear or pain ‘on the
outside’ predicts, and is predicted by, the feeling of hunger, fear or pain
‘on the inside’. However, many of the associations mediating Empathy*
require social interaction for their development. I cannot see my own
facial expressions (e.g. wincing) or whole-body movements (e.g.
punching the air) as they appear when produced by others; facial ex-
pressions and whole-body movements are perceptually opaque (Heyes
and Ray, 2000; Ray and Heyes, 2011). Matching emotional associations
for perceptually opaque cues are produced by synchronous emotion
and affect mirroring (Papousek and Papousek, 1987). Synchronous
emotion occurs when two or more agents react emotionally to an event
in the same way at the same time. In a crowd at a soccer match, I see
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other fans wincing when I am disappointed, scowling when I am angry,
and punching the air when I am feeling elated. Affect mirroring, which
has long been known to play important roles in the differentiation of
emotional states and affect regulation in infancy (Gergely and Watson,
1996; Parsons et al., 2017), occurs when caregivers imitate infants’
facial and vocal expressions of emotion, reacting to joy with joy, sur-
prise with surprise, and even to negative emotions, anger and sadness,
with matching affective displays (Malatesta and Izard, 1984; Malatesta
et al., 1989; Tronick, 1989).

It has been suggested that mirror neurons implement a range of
psychological functions including empathy (Christov-Moore et al.,
2014; Gallese et al., 2004; Rizzolatti and Caruana, 2017). To the extent
that mirror neurons implement Empathy’, the Learned Matching hy-
pothesis is consistent with theories that assign an important role to
learning in the development of mirror neurons (Cook et al., 2014;
Giudice et al., 2009; Heyes, 2001; Keysers and Gazzola, 2014; Keysers
and Perrett, 2004; Kilner et al., 2007).

Learned Matching does not imply that learning is solely responsible
for the development of empathy in general, or Empathy” in particular.
The development of every biological characteristic depends on a rich,
turbulent stew of genetic and environmental factors (Heyes, 2018).
There are no pure cases of nature or of nurture, and there is clear
evidence of a genetic contribution to individual differences in empathy
(Flom and Saudino, 2017; Uzefovsky et al., 2015; Warrier et al., 2018).
However, to date, behavioural genetics has not shown that heritable
genetic factors contribute to the matching characteristic of Empathy’; it
has not shown that genetic factors promote the development of a me-
chanism producing matching, rather than nonmatching, emotional re-
sponses to emotional stimuli. Twin studies use behavioural measures
that conflate emotion understanding (in which there is no emotional
matching), Empathyz, and Empathyl. Therefore, it is possible that the
genetically inherited psychological endophenotype is not a matching
mechanism, but processes involved in social motivation, emotion
identification, or emotion regulation (Coll et al., 2017; Decety et al.,
2018; Quattrocki and Friston, 2014). Evidence implicating genes re-
lated to the oxytocin-vasopressin system is compatible with all three of
these possibilities (Smith et al., 2014).

4. Evidence that Empathy’ is learned

The Learned Matching hypothesis is supported by studies of em-
pathy in animals, infants, adults and robots.

4.1. Animals

Learned Matching predicts the occurrence of emotional contagion
(Empathy), not only in species where parental care and cooperation
are especially important, but in all species that 1) express emotion, 2)
detect the emotional expressions of others, 3) encounter distal emo-
tional cues in a predictive relationship with experience of the same
emotion, and 4) are capable of associative learning. The last of these
conditions is not restrictive because associative learning has been
documented in every major group of animals, including invertebrates
(Heyes, 2012). The third condition also implies that emotional con-
tagion will be found in a broad range of species because most animals
experience synchronous emotion. Whenever an agent encounters a
threat or exciting opportunity in the presence of conspecifics, the agent
experiences an emotion alongside the opportunity to observe others
experiencing the same emotion. Thus, Learned Matching is consistent
with reports of emotional contagion, not only in primates (Dezecache
et al., 2017; Palagi et al., 2014; Ross et al., 2008), but in birds (Osvath
and Sima, 2014; Perez et al., 2015; Schwing et al., 2017; Shah et al.,
2015), elephants (King et al., 2010), dogs (Huber et al., 2017; Palagi
et al., 2015; Quervel-Chaumette et al., 2016, pigs (Reimert et al., 2013),
rodents (Burkett, 2016; Inagaki and Ushida, 2017; Meyza et al., 2017),
and ants (Hollis and Nowbahari, 2013).
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Also consistent with Learned Matching, many examples of emo-
tional contagion in nonhuman animals depend on auditory rather than
visual cues, on vocal rather than facial or postural expressions of
emotion (Briefer, 2018). This is significant because matching emotional
associations involving auditory cues are easier to learn; they can be
forged by self-stimulation as well as synchronous emotion and affect
mirroring. Furthermore, Learned Matching provides a straightforward
explanation for cross-species emotional contagion. It suggests that dogs
‘catch’ human emotions (Huber et al., 2017), and vice versa (Franklin
et al., 2013), because most contemporary Western humans and their
dog companions have experienced synchronous emotion. In human-
canine pairs we have been startled by the same loud noises, and glad-
dened to see the same visitors appear at the door.

Emotional contagion has been studied most intensively in rats and
mice. This research indicates that fear and pain contagion in rodents
depend on the same neurological and psychological mechanisms as they
do in humans. For example, in rodents as in humans, emotional con-
tagion recruits anterior cingulate cortex; supports fear learning (in-
animate stimuli encountered with a fearful target become aversive);
motivates helping and consolation behaviour; and shows familiarity
bias — the contagious response increases with the familiarity of the
target (Burkett, 2016; Keum and Shin, 2016; Meyza et al., 2017.

Familiarity bias, and similarity bias - stronger contagious responses
to targets that are morphologically similar to the agent — have been
interpreted as signs that emotional contagion depends on a perception-
action mechanism that is a genetic adaptation for life in “close inter-
dependent social relationships that involve either genetic relatedness or
reciprocation” (de Waal and Preston, 2017, p.503). However, famil-
iarity bias and similarity bias are exactly what one would expect if
emotional contagion depends on Learned Matching. Familiar in-
dividuals, typically cage mates, are the targets with which the agent is
most likely to have experienced synchronous emotion (and, in the
human case, affect mirroring), and morphologically similar targets are
more likely to produce emotional sounds, odours, and distal appendage
movements resembling those produced by the agent during self-sti-
mulation.

Further support for Learned Matching comes from evidence that
rodents show contagious fear responses — freezing and squeaking when
they observe a conspecific receiving electric shock — only when the
observer has been shocked in the past, and has therefore had the op-
portunity to form matching emotional associations through self-stimu-
lation (Church, 1959; Atsak et al., 2011).

4.2. Infants

Learned Matching suggests that, in human infants, affect mirroring —
imitation by caregivers of infants’ emotional displays - is an important
early source of the experience that builds Empathy’; that constructs the
associations between exteroceptive and interoceptive emotional cues
enabling emotional contagion. Evidence that infants receive plenty of
this kind of experience - that there is wealth, rather than “poverty of
the stimulus” (Chomsky, 1975) — comes from studies showing that
imitation of infants by caregivers occurs with high frequency, and
commonly involves emotional displays (Gergely and Watson, 1996; Ray
and Heyes, 2011). Western infants spend approximately 65% of their
waking hours in face-to-face contact with caregivers (Uzgiris et al.,
1989); matching behaviour occurs roughly once every minute during
these interactions (Pawlby, 1977); and in 79% of cases the match re-
sults from imitation of the infant by the caregiver (Pawlby, 1977).
Mothers more commonly imitate their infant’s categorical emotion
displays than other facial movements (e.g. twitches) (Malatesta and
Izard, 1984; Malatesta et al., 1989), and their imitative behaviour is not
confined to positive emotions. Mothers mirror anger and sadness as
well as happiness and surprise (Tronick, 1989).

Further evidence that affect mirroring plays a key role in the de-
velopment of empathy comes from research showing that the children
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of depressed mothers experience less affect mirroring, and are less
empathic, than the children of non-depressed mothers (Field et al.,
2009; Noll et al., 2012).

It is often claimed that human infants show emotional contagion, or
a more sophisticated form of empathy, before they have had the op-
portunity to establish matching emotional associations through affect
mirroring, synchronous emotion, and self-stimulation (de Waal and
Preston, 2017; Meltzoff, 2011). I have not been able to find compelling
evidence that this is the case. The claim rests on studies of facial gesture
imitation in human newborns (Meltzoff and Moore, 1977) and con-
tagious crying (Simner, 1971). Facial gesture imitation is not a reliable
phenomenon in newborns. After years of uncertainty regarding both
reliability and validity (Anisfeld, 2005; Jones, 2009; Ray and Heyes,
2011), a recent study tested more than a 100 infants, at four time points
(1, 3, 6 and 9 weeks of age), for imitation of 11 gestures, using the gold
standard ‘cross-target’ procedure (Meltzoff and Moore, 1977), and
found no evidence of imitation in newborns (Heyes, 2016; Oostenbroek
et al., 2016). Unlike neonatal imitation, contagious crying is a reliable
phenomenon. It has been known for some 90 years that newborn
human babies are apt to cry when they hear the sound of crying
(Buehler and Hetzer, 1928; Simner, 1971). Studies demonstrating
contagious crying in newborns are commonly cited as evidence that
humans genetically inherit a propensity to feel what others are feeling
(de Waal and Preston, 2017; Geangu et al., 2010; Hamlin, 2013; Liddle
et al., 2015; Preston and de Waal, 2002). However, close examination
of these studies points to the opposite conclusion; it supports Learned
Matching.

In the first three days after birth, infants cry more when they hear
the sound of another newborn crying than when they hear: equally loud
white noise, background noise only, computer synthesised crying, and
the cries of an infant chimpanzee (Martin and Clark, 1982; Sagi and
Hoffman, 1976; Simner, 1971). These findings are consistent with a
nativist view suggesting that infants genetically inherit a tendency to
respond to distress stimuli with distress responses. On this view, white
noise, silence and synthesised crying are less effective stimuli because
they are not emotional cues, signals of distress. Given that infants cry a
good deal in the first hours and days after birth, these findings are also
consistent with Learned Matching — the hypothesis that infants are
distressed by the sound of crying because, as a result of hearing
themselves cry, they have learned an association between the sound of
crying and the interoceptive experience of distress. According to
Learned Matching, white noise, silence and synthesised crying elicit less
crying from newborns because they are unlike the stimuli involved in
learning — the sound of the infant’s own cries.

Two further findings favour Learned Matching over the nativist
interpretation: First, newborns cry more in response to the cries of other
newborns than to the cries of older infants (Simner, 1971). This is
consistent with Learned Matching because the cries of older infants are
acoustically different from those of newborns (Martin and Clark, 1982),
and therefore less like the stimuli involved in learning. However, it is an
anomaly for the nativist view because it is not clear why a genetically
inherited adaptation for empathy should discriminate against older
infants (Ruffman et al., 2017). Second, there is some evidence that
newborns cry more when they hear their own pre-recorded crying than
when they hear another newborn crying (Simner, 1971). This is con-
sistent with Learned Matching because the infant’s own cries are the
training stimuli. However, peak responding to one’s own cries is the
opposite of what one would expect on the nativist hypothesis - if con-
tagious crying is due to a genetic adaptation relating to the emotional
states, not of the self, but of others.

One study found less crying in response to the infants’ own cries
than to the cries of other neonates (Martin and Clark, 1982), but it is
likely that the ‘other’ cries in this study elicited a greater response be-
cause of their relative novelty (Dondi et al., 1999; Ruffman et al.,
2017). The ‘own’ cries had been produced, and therefore heard, 30s
before testing, whereas the ‘other’ cries had never been heard before.
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Thus, although contagious crying is a reliable phenomenon, the evi-
dence suggests that it is due to the relative novelty of stimulus cries, and
to matching emotional associations formed through self-stimulation.

4.3. Adults

Research with adult humans suggests that Empathy’ depends on
regions of the brain with mirror properties — including fronto-parietal
motor areas, the anterior insula, and perigenual anterior cingulate
cortex (Christov-Moore et al., 2014; Gallese et al., 2004; Rizzolatti and
Caruana, 2017). These regions are active both when an agent is ex-
periencing an emotion directly, in their own right, and when the agent
is experiencing the same emotion indirectly, empathically, as a result of
observing a target’s emotion. For example, there is evidence that the
anterior insular is involved in direct experience of disgust from studies
showing that electrical stimulation of the anterior insula induces dis-
gust (Krolak-Salmon et al., 2003), and that lesions to this area impair
the capacity to feel disgust in response to stimuli such as body products
(Calder et al., 2000). In addition, there is evidence that the anterior
insular is involved in indirect, empathic experience of disgust from
studies showing that it is activated by exposure to facial expressions of
disgust (Krolak-Salmon et al., 2003), and that permanent and tem-
porary lesions to the anterior insular impair recognition of those ex-
pressions (Calder et al., 2000; Papagno et al., 2016; Wicker et al.,
2003).

Learned Matching suggests that both motoric and somatic mirror
areas acquire their mirror properties through associative learning. They
start out as areas involved only in direct experience of emotion; become
connected through self-stimulation, synchronous emotion, and affect
mirroring with areas involved in the perception of emotion cues pro-
duced by other agents; and, by virtue of these connections, end up being
activated, not only directly by stimuli representing threats and oppor-
tunities for the agent, but also indirectly by the emotions of other
agents (Heyes and Bird, 2007). This hypothesis, which builds on pre-
vious models of the development of mirror neurons (Cook et al., 2014;
Giudice et al., 2009; Heyes, 2001; Keysers and Gazzola, 2014; Keysers
and Perrett, 2004; Kilner et al., 2007), has not been tested for somatic
mirror areas, such as the anterior insula and perigenual anterior cin-
gulate cortex. However, there is now a substantial body of evidence that
motoric areas in the fronto-parietal cortex acquire their mirror prop-
erties through associative learning (Cook et al., 2014). For example,
research using fMRI, transcranial magnetic stimulation (TMS), elec-
troencephalography (EEG) and behavioural methods shows that the
mirrorness of motoric mirror areas — their potential to be activated by
execution and observation of the same action — increases with corre-
lated experience of seeing and doing the same action (e.g. Calvo-Merino
et al., 2006; Klerk et al., 2015), and decreases, sometimes to the point of
making them counter-mirror areas, with experience of seeing one ac-
tion while doing another (Catmur et al., 2011; Cavallo et al., 2014).

Learned Matching predicts marked cross-cultural variation, not only
in the functioning of Empathy? (all theoretical perspectives would an-
ticipate cultural variation in cognitive and metacognitive appraisal
processes), but in the functioning of Empathy’ - in the range of emo-
tions that are contagious, and the strength of contagious responses. For
example, in cultures where there is a high rate of affect mirroring, and
where children are encouraged to engage in synchronous emotion, one
would expect more emotional contagion. Dedicated cross-cultural stu-
dies are needed, but, consistent with this prediction, a study involving
more than 100,000 people from 63 countries found marked cross-cul-
tural variation in Empathic Concern, the component of the
Interpersonal Reactivity Index (Davis, 1983) most closely related to
emotional contagion, and greater Empathic Concern in collectivist than
individualist cultures (Chopik et al., 2017).

There is a tendency to think of associative mechanisms as primitive
and inflexible. Consequently, research showing that empathy is subject
to modulation by contextual cues (Zaki, 2014) may appear at first sight
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Fig. 3. Robot empathy from associative learning. (Reproduced with permission from Watanabe et al., 2007).

to conflict with the Learned Matching hypothesis. However, on reflec-
tion it becomes clear that contextual modulation is at least as compa-
tible with Learned Matching as with the standard, nativist view of the
origins of Empathy".

In adult humans, the extent and probability of empathic responses
vary with contextual factors including group membership and expertise
(Hein and Singer, 2008; Zaki, 2014). Members of in-groups - political,
ethnic, sports-based, and arbitrarily defined in the laboratory — provoke
more empathy than members of out-groups (Avenanti et al., 2010;
Cikara and Van Bavel, 2014; Hein et al., 2010; Mitchell et al., 2006);
health professionals show less empathy for pain than people from other
professions (Sloman et al., 2005); and people who have received
meditation-based affect training show enhanced empathy / compassion
(Valk, 2017). Many studies demonstrating contextual modulation use

verbal measures that are likely to index emotion recognition rather than
empathy, or a controlled response generated by the combined operation
of Empathy' and Empathy?. These studies using verbal measures, al-
though important in their own right, do not bear on the Learned
Matching hypothesis because any modulation they find could be due to
the cognitive and metacognitive appraisal processes of Empathy? (Zaki,
2014, 2018).

Potentially more relevant to Learned Matching, an ERP study has
found depression of responses to out-group pain just 200 ms after sti-
mulus onset (Sheng and Han, 2012). This effect occurs so early that it is
unlikely to be due to appraisal of the automatic response by Empathy>
(see Fig. 2). However, early effects of this kind are compatible with
Learned Matching because automatic responses mediated by learned
associations are subject, not only to ‘output modulation’ (facilitation
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Outstanding Questions

Does emotional contagion occur in animals such as cephalopods, fishes, frogs and
reptiles, where there is little cooperation and on-demand parental care? If these animals
are presented with congruent emotional cues from conspecifics while they are
experiencing emotion, do they begin to show emotional contagion?

If animals are presented with incongruent emotional cues from conspecifics, do they
develop counter-empathic tendencies? Are empathic and counter-empathic responses
learned at the same rate?

In infancy and childhood, are there individual differences in the degree to which facial
expressions and whole body movements elicit emotional contagion? Are these
individual differences selectively predicted by the frequency and sensitivity of parental
affect mirroring and/or experience of synchronous emotion?

Can typically and atypically developing children who are low on empathy be helped by
interventions that provide affect mirroring and opportunities for synchronous emotion?

To what extent do cultures vary in the range of emotions that are contagious and the
strength of contagious responses? Do these cultural differences co-vary with practices
that encourage affect mirroring and provide opportunities for synchronous emotion?

e Does between-group experience of affect mirroring and synchronous emotion
counteract in-group bias in empathic responding?

e Do people show stronger automatic empathic responses to artificial agents when they
have been affectively mirrored by those agents?

Fig. 4. Questions for future research.

and inhibition following appraisal of the initial response), but also to
‘input modulation’ (facilitation and inhibition by attentional processes)
(Heyes, 2011; Zaki, 2014). Having detected in early trials that the
target is from an out-group, the agent may pay little attention to signs of
their distress, resulting in weaker activation of matching emotional
associations.

Another ERP study found a weaker neural response to the ob-
servation of pain in physicians than in non-physicians just 110 ms after
stimulus presentation (Decety et al., 2010). In combination with evi-
dence that medical training causes a decline in empathy (McFarlane
et al., 2017), this effect of expertise can be more readily explained by
Learned Matching than by nativist accounts of Empathy'. The devel-
opment of genetically inherited adaptations is supposed to be “buf-
fered” against environmental inputs — such as exposure to the pain of
others, frequently encountered during medical training — that were
present when the mechanism was evolving (Cosmides and Tooby, 1994;
Pinker, 1997). In contrast, Learned Matching predicts alteration of
automatic empathic responses, not only by input and output modula-
tion, but by relearning or counter-conditioning (Englis et al., 1982).

Indeed, striking evidence in support of Learned Matching comes
from a study showing that in human adults emotional contagion can be
enhanced and suppressed using conditioning procedures (Englis et al.,
1982). Applying autonomic, facial-expressive, and self-report measures,
Englis and colleagues found an increase in empathic responses after
congruent training — in which, for example, the sight of a target in
distress was paired with experience of distress - and a decrease in em-
pathic responses after incongruent training — in which, for example, the
sight of a target in distress was paired with experience of pleasure.

The Learned Matching hypothesis suggests that the matching emo-
tional associations mediating Empathy' are acquired via unbiased,
domain-general mechanisms of associative learning. In principle, the
learning mechanisms could be biased - we could genetically inherit a
tendency to learn matching associations more readily than non-
matching associations (Casile et al., 2011; Ferrari et al., 2013; Giudice
et al., 2009) — but in practice I have been unable to find any evidence of
such bias. For example, in the study by Englis and colleagues, after just
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16 trials of incongruent training autonomic and facial expressive
measures indicated either indifference to the emotional states of an-
other agent, or “envious” and “sadistic” responding (Englis et al., 1982,
p. 388).

4.4. Robots

As robots become increasingly important in industry, customer re-
lations, and health and social care — especially care for the elderly - the
artificial intelligence community has prioritised the development of
empathic robots (Paiva et al., 2017). Nativist theories of empathy, in-
cluding PAM (de Waal and Preston, 2017; Preston and de Waal, 2002),
provide little support for this enterprise because they do not elucidate
mechanisms. They locate empathy mechanisms — in the genes, and in
parts of the brain - but they do not explain them; they do not tell us how
the mechanisms work. Consequently, turning away from nativist
models, and proving the principle of Learned Matching in a dramatic
way, cognitive developmental robotics has produced artificial agents in
which empathic responses to human faces and voices are based on af-
fect mirroring, synchronous emotion, and associative learning (Asada,
2015; Lim and Okuno, 2015; Watanabe et al., 2007).

In the ‘intuitive parenting’ model of empathy (Fig. 3), a human
caregiver imitates the facial expressions of a robot baby. The robot uses
a camera to sense the caregiver’s facial movements, and categorises her
facial expression using stored information. The caregiver’s emotional
expression is then connected via associative learning with the current
internal state of the robot (blue lines in Fig. 3). After training of this
kind, the robot responds to human facial expressions of hilarity
(laughter), pleasure (smiling) and displeasure (frowning) with
matching facial expressions and internal states (Asada, 2015; Watanabe
et al., 2007).

5. Concluding remarks

Research in ethology, psychology, cognitive neuroscience and arti-
ficial intelligence — involving animals, infants, adult humans and robots
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— suggests that the matching mechanism at the root of empathy is as-
sembled by associative learning. This Learned Matching hypothesis can
be further tested in a variety of ways (see Fig. 4). It implies that em-
pathy’s matching mechanism is functionally and anatomically specia-
lised. The matching mechanism plays a distinctive role in producing
empathic responses, depends on distinctive experience for its develop-
ment, and can be localised to particular cortical circuits. However, the
Learned Matching hypothesis also implies that the matching me-
chanism develops and operates according to domain-general principles.
For example, the development of a matching emotional association
(pleasure-pleasure), like the development of a non-matching emotional
association (pain-pleasure), or an association between an inanimate
stimulus and a non-emotional response (bell-salivation), depends on
contiguity and contingency - the associated events occurring close to-
gether in time, and in a predictive relationship.

More broadly, Learned Matching implies that empathy is not con-
strained by genetic evolution to favour kin and in-group members
(Decety and Cowell, 2014). Cultural forces may promote bias via ap-
praisal processes (Empathyz), and, left to its own devices, associative
learning will favour kin and clique members to the extent that their
expressions of emotion resemble those encountered when the matching
mechanism was under construction (Empathy'). However, crucially, if
the matching mechanism is learned it can be readily re-learned and
unlearned. Even adult humans - including sectarians, medics, and
people who are wary of robots - can learn to empathise more or less
intensively, with a wider or narrower range of agents, not only by
working on their appraisal processes (Schumann et al., 2014; Teding
van Berkhout and Malouff, 2016), but by exposure to novel relation-
ships among emotional cues (Englis et al., 1982). But this plasticity
comes at a price (Heyes, 2018). Whether empathy helps or hinders
morality, if the matching mechanism is learned, we cannot take it for
granted that empathy will spring up with each new generation, re-
gardless of the social environment and child rearing practices to which
each new generation is exposed. Exposure to callous behaviour, in
personal and public life, has the power to undermine empathy among
family members, friends, colleagues and citizens.
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