
Well-integrated pain observers modulate aversive arousal through late top-down 

neural processes

Simon van Rysewyk
PhD Candidate, School of Philosophy, University of Tasmania, Private Bag 41, Hobart, Tasmania, Australia 7001

The Approach/Avoidance Problem1 Top-down processes modulate empathy for pain

 The term automatic refers to a process that does not require conscious and effortful 

processing but can be regulated or controlled. 

 Attention to the other’s aversive state is required for triggering the events starting 

with shared emotion and resulting in empathy for pain. 

 Pain empathy is not a purely sensory-driven process in which aversive states are 

induced in the observer by bottom-up processes.

 Top-down neural processes modulate aversive emotion through self-regulation and 

contextual appraisal.2

 In one study6, male and female subjects played Prisoner’s Dilemma with two 

confederates. One confederate played fairly, the other unfairly.

 Fair players in pain activated the ACC and AI in both groups; unfair players in 

pain elicited this response only in the women. Men showed increased activation 

in areas associated with reward (nucleus accumbens). Activation in these areas 

correlated positively with their desire for revenge (as assessed by self-report 

after scanning). (Fig. 1) 

 This study shows that:

 Observer attitude to the other in pain shapes pain empathy

 Gender is an important variable 

 Neuronal networks subserving pain empathy may not activate the motor 

circuitries seen in action observation and imitation

Figure 1: Pain-sensitive activation networks to the sight of fair and unfair 

players in pain6

When does modulation occur in empathy for pain?

 Shared empathic resonance is automatically activated by the perception of the 

other in pain through bottom-up processes.

 Well-integrated observers modulate aversive arousal by processing information 

about the general or personal context  in parallel.

 The outcome leads to the modulation of the initial empathic response by top-down 

processes.

 Hence, two systems work together in mature pain empathy: empathic resonance 

and appraisal processes.

Figure 2: Late appraisal model of empathy for pain
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Understanding the Approach/Avoidance Problem
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 The Approach/Avoidance Problem may be viewed as a flexible phenomenon that 

involves both automatic and controlled cognitive mechanisms: 

 Bottom-up processes account for direct emotion sharing which is automatically 

activated (unless inhibited) by perceptual input.

 Top-down processes implemented in the prefrontal and cingulate cortex serve 

to modulate aversive emotion through self-regulation.

 Recent fMRI results support contextual appraisal of a situation rather than its 

sensory input alone as determining the empathizer’s neural and behavioural 

response.

 Future research could address the neural development of pain empathy, on which 

little is currently known. 
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How do observers empathize with and approach the other in pain 

when they themselves are in an aversive state?

Bottom-up processes generate emotion sharing 

 fMRI studies indicate that perceiving another person in pain activates regions of the 

neuronal network involved in processing the same state in self.3

 Shared neural networks might result  from associations between simultaneously 

firing, coactivated neurons.

 Whenever perceived pain is accompanied by a certain emotional activation, a 

connection between the pain and the neural representation of the internal 

sensation is formed.

 Later, perceiving another in pain cues the associated emotional neural 

representation, automatically triggering empathy for pain.

Motor theory of empathy

 Perceiving another moving causes a neural simulation of the 

movement and subsequent physical execution by self.4

 Like imitation, empathy is a prepotent response tendency:

 Both depend on shared representations between self and 

other

 Both are automatic

 Both remain offline if inhibited

 Hence, observers see others in pain by internally imitating 

the automatic pain expression. (e.g., facial grimaces, cry)
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Modulation as a function of observer expertise

 In one fMRI study, physicians who practice acupuncture were 

compared to naive participants while observing animated visual 

stimuli depicting needles being inserted into body parts.5

 The control group activated the anterior insula (AI), 

periaqueducal gray (PAG), and anterior cingulate cortex (ACC). 

 The physician group activated the dorsal and ventral regions of 

the prefrontal cortex (PFC), as well as the right temporo-

parietal junction (TPJ).

 These latter regions are associated with emotion regulation 

and meta-cognition.
Addressing empathy for pain

 Bottom-up and top-down neural processes are involved 

in empathy for pain.2

 Bottom-up processes generate negative emotion sharing 

automatically activated by pain expression.

 Top-down processes modulate aversive arousal through 

self-regulation.
Modulation as a function of observer attitude


