
 
Page 1 of 29 

 

 

 1 

Please cite as: Galang, C.M., Pichtikova, M., Sanders, T., & Obhi, S.S. (2021). Investigating the 2 

effects of pain observation on approach and withdrawal actions. Experimental Brain Research. 3 

DOI: 10.1007/s00221-020-05990-w 4 

 5 

 6 

Investigating the effects of pain observation on approach and withdrawal actions 7 

 8 

Carl Michael Galang1*, Mina Pichtikova1, Taryn Sanders1, and Sukhvinder S. Obhi1* 9 

1Social Brain, Body and Action Lab 10 

Department of Psychology, Neuroscience and Behaviour 11 

McMaster University, Canada 12 

*correspondence to Carl Michael Galang (galangc@mcmaster.ca) & Sukhvinder S. Obhi 13 
(obhi@mcmaster.ca)  14 

 15 

 16 

 17 

Address:  18 

Psychology Building (PC), Room 102 19 

McMaster University 20 

1280 Main Street West 21 

Hamilton Ontario L8S 4K1 22 

Canada 23 

Phone: 905-525-9140 x26755 (CMG) x23030 (SSO) 24 

Fax: 905-529-6225 25 

 26 

mailto:galangc@mcmaster.ca
mailto:obhi@mcmaster.ca


 
Page 2 of 29 

 

 

Abstract 27 

Previous research has shown that observing another individual receiving a painful stimulus leads 28 
to motor facilitation as indexed by faster reaction times. The current study explores whether the 29 
type of action that is executed modulates this facilitation effect. Specifically, we examined whether 30 
approach-like and withdraw-like movements are differentially influenced by pain observation. In 31 
experiment 1, participants performed key presses (approach) and releases (withdraw) after 32 

observing another person in pain (vs. no pain). In experiment 2, participants used a joystick to 33 
make forward (approach) and backward (withdraw) movements after observing another person in 34 
pain (vs. no pain). Across both experiments, we did not find evidence for differential effects of 35 
pain observation on approach-like and withdraw-like movements. We do however report a robust 36 
response-general effect of pain observation on motor behaviour (i.e., faster reaction times after 37 

pain observation vs. no pain, regardless of movement type). We discuss these results in relation to 38 

the wider emotion, attention, and social neuroscience of empathy literatures.  39 

 40 
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1. Introduction 61 

When observing another in pain, our own nervous system seems to activate similar regions present 62 

when we ourselves are in pain (e.g., Singer et al., 2004; Avenanti et al., 2005; Singer & Lamm, 63 

2009; Lamm et al., 2011; Riecansky & Lamm, 2019). This “shared network” hypothesis (Singer 64 

& Lamm, 2009) suggests that such a mapping of states may form the building blocks of empathy 65 

(also see the Perception-Action Model of Empathy; Preston & de Waal, 2002; de Waal & Preston, 66 

2017). Some evidence for the shared network hypothesis1 comes from work using fMRI 67 

(functional magnetic resonance imaging), which has shown that observing or imagining another 68 

person in pain activates the same cortical regions (e.g., Bilateral Anterior Insular Cortex and 69 

Medial/Anterior Cingulate Cortex) that are active during the first-person experience of pain (e.g., 70 

Singer et al., 2004; Botvinick et al., 2005; Jackson et al., 2005; Lamm et al., 2011). Further 71 

evidence for the shared network hypothesis comes from work using TMS (transcranial magnetic 72 

stimulation), which has shown that observing “flesh and bone” stimuli of another person in pain 73 

(e.g., a needle stabbing a hand) leads to similar cortico-spinal activity present during the first-74 

person experience of pain (e.g., Avenanti et al., 2005; 2010; De Coster et al., 2014; De Guzman et 75 

al., 2016).  76 

 77 

While such neurophysiological measures shed light on the mechanisms that might underlie 78 

empathy during pain observation, they do not tell us anything about the behavioural consequences 79 

of such mechanisms. One line of research that has investigated this question has explored how 80 

 

1 We note that similar activation of cortical regions observed in fMRI cannot confirm the involvement of 

identical neural networks in two tasks. However, we highlight this research as it has been used in the extant 

literature to argue in favor of shared representations in self and other related episodes. 
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basic motor responses, usually in the form of a key press, are influenced by pain observation (also 81 

see Christov-Moore & Iacoboni, 2016; Christov-Moore et al., 2017). An early study by Morrison 82 

et al. (2007a) found that pain observation (i.e., a needle stabbing finger tips) leads to faster key 83 

releases and slower key presses – exclusively when the imperative cue (e.g., an orange square) to 84 

move was shown 500ms after the experimental stimuli (no effects were found when the cue was 85 

shown at 100ms). They suggested that these results could reflect an adaptive response wherein a 86 

facilitation of withdrawal (i.e., key releases) and an attenuation of approach (i.e., key presses) 87 

responses are elicited after observing another in pain. 88 

 89 

In another study, Morrison et al. (2007b) found that key presses were facilitated after pain 90 

observation. However, in this case participants had to respond immediately after seeing the object 91 

hit or miss a hand. Faster responses were found when noxious objects (e.g., a hammer) hit the hand 92 

vs. an innocuous object (e.g., a spoon), and vs. misses of either object type. They also report that 93 

noxious misses elicited faster response times compared to innocuous misses, suggesting that 94 

merely observing a potentially harmful object near another person is enough to elicit faster 95 

response times from the observer.  96 

 97 

More recent work has shown that observing another person in pain leads to a general and 98 

temporally extended response facilitation effect (Galang et al., 2017; Galang & Obhi, 2020). In 99 

Galang et al. (2017), participants observed videos of a hand getting stabbed by a needle or touched 100 

by a Q-tip (the same videos used in previous TMS studies; Avenanti et al., 2010). After each video, 101 

an imperative cue (i.e., an orange square) would appear that would either indicate the participant 102 

to respond or to withhold a response (i.e., a Go/No-Go task). Importantly, these cues either 103 



 
Page 5 of 29 

 

 

appeared immediately after the video stimuli or with a 500ms delay, and participants either 104 

responded with a key press with their right index finger, or a foot press using a pedal. The former 105 

manipulation combines the temporal parameters of the effects that were found in Morrison et al. 106 

(2007a; 500ms) and Morrison et al. (2007b; immediately at the end of stimuli observation), while 107 

the latter manipulation can test for effector-specific effects (as TMS studies often report a muscle-108 

specific effect of pain observation on cortico-spinal activity; e.g., Avenanti et al., 2005). 109 

 110 

Galang et al. (2017) reported that participants responded faster to the imperative cue after pain 111 

observation (vs. no pain) regardless of when the cue was presented, and which effector was used 112 

to make a response. These results are in contrast to those reported by Morrison et al. (2007a), 113 

wherein they reported slower response times to key presses when the imperative cue was shown 114 

500ms after pain observation; however, the results do seem to corroborate Morrison et al.’s 115 

(2007b) results (a general facilitation of motor responses after pain observation). The effector-116 

general effect is also in contrast to the muscle-specific effect found in TMS studies – namely a 117 

reduced amplitude of muscle specific motor evoked potentials during pain observation; however, 118 

we do not discuss this point further here as we do so elsewhere (Galang & Obhi, 2020; also see 119 

Riecansky & Lamm, 2019). Follow-up experiments reported in Galang & Obhi (2020) 120 

corroborated these initial findings, and further showed that instructing participants to explicitly 121 

empathize with the model in the video (vs. no empathy instructions) led to stronger motor response 122 

effects.  123 

 124 

Other recent work has largely corroborated the finding that pain observation leads to faster 125 

response times; for example, in their behavioural study, Fabi & Leuthold (2017) report that 126 
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participants responded faster (via a key press), and with more force, after observing another person 127 

in a painful situation (e.g., a hammer hitting a hand; also see Fabi & Leuthold, 2018; Galang et al., 128 

2019). Interestingly, the stimuli were pictures (in contrast to the videos or apparent motion used in 129 

the studies described thus far) and were displayed for only 200ms. This suggests that the effects 130 

of pain observation on motor behaviour can be elicited even when pain observation occurs rapidly 131 

and for only a short duration.  132 

 133 

Despite these recent findings that observing another in pain leads to faster responses from the 134 

observer, it remains unclear why recent studies do not corroborate Morrison et al.’s (2007a) 135 

original results: faster key releases but slower key presses. Of course, recent studies have primarily 136 

focused on key presses over releases, and most have participants immediately respond after the 137 

experimental stimuli is presented. However, Galang et al. (2017) and Galang & Obhi (2020; 138 

experiment 1) both had conditions that delayed the imperative cue by 500ms, and yet key presses 139 

were still found to be faster after pain observation. One possibility discussed in Galang et al. (2017) 140 

is that Morrison et al. (2007a) provided participants with a natural mapping of an adaptive 141 

behaviour – approach and withdraw. In contrast, all other studies essentially force participants into 142 

one movement type. As such, it is possible that, when provided with the possibility of performing 143 

more adaptive behaviours, then the pattern of results reported in Morrison et al. (2007a) emerges; 144 

in lieu of such a choice, it may be the case that any behavioural response will necessarily be 145 

facilitated after pain observation; we refer to this as the Natural-Mappings hypothesis throughout 146 

the paper. Note that this is an important question, as the functional significance of these response 147 

time effects have yet to be fully explored.  And as such, showing that adaptive behaviours emerge 148 

as a result of pain observation (when given the opportunity) will help us shed further light on this 149 
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topic. 150 

 151 

As such, the aim of the current study is to test the Natural-Mappings hypothesis. To do so, 152 

participants completed a Go/No-Go task responding (or not) to coloured squares. Videos of a hand 153 

getting stabbed by a needle or touched by a Q-tip (the same as those used in Galang et al., 2017 154 

and Galang & Obhi, 2020) were interleaved between each imperative cue. Furthermore, the 155 

imperative cue either appeared immediately after the video stimuli or after a 500ms delay. To 156 

better match Morrison et al.’s (2007a) original design, in experiment 1, participants alternated 157 

between key presses (approach) and releases (withdrawal). However, in experiment 2, participants 158 

used a joystick to perform more natural approach and withdraw movements.  159 

 160 

Given this design, the Natural-Mappings hypothesis predicts that participants will perform slower 161 

key presses/joystick forward movements and faster key releases/joystick backward movements 162 

after pain observation. A strict interpretation of the Natural-Mappings hypothesis would predict 163 

that this effect should specifically be found when the imperative cue appears after 500ms delay 164 

(matching Morrison et al.’s (2007a) original results). However, a more general interpretation 165 

predicts that such an effect will occur regardless of delay. Of course, it is also possible that the 166 

Natural-Mapping hypothesis is not supported in these experiments. In this case, however, we at 167 

the very least expect to replicate recent work and find faster responses after pain observation (vs. 168 

no pain), regardless of all other conditions.  169 

 170 

2. Experiment 1 171 

2.1 Methods 172 
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2.1.1 Participants 173 

60 right-handed participants were recruited to participate in this study for course credit (male = 174 

13; mean age = 20.4 [SD = 5.2]). Prior to participation, participants provided written informed 175 

consent. The study was approved by the McMaster Research Ethics Board (MREB).  176 

 177 

2.1.2 Apparatus and Stimuli 178 

The experiment was programmed and presented using SuperLab v4.5 (Cedrus Corporation, San 179 

Pedro, CA, U.S.A.) and was run on a Lenovo P910 ThinkStation. Participants responded to a Dell 180 

keyboard spacebar using their right index finger. We used short videos developed by Avenanti et 181 

al. (2010) depicting a Caucasian hand being stabbed by a needle or lightly touched by a Q-tip on 182 

the area of skin overlaying the first dorsal interosseous (FDI). Each Video Type (Needle vs. Q-tip) 183 

consisted of three separate videos with the colour of the syringe or Q- tip handle varying. As per 184 

Avenanti et al. (2010), this was done to minimise effects of habituation. At the end of the 185 

experiment, participants completed the Interpersonal Reactivity Index (IRI; Davis, 1980, 1983). 186 

 187 

2.1.3 Design 188 

The experiment used a 2x2x2 within-subjects ANOVA design, wherein Video Type (Needle, Q-189 

tip), Movement Type (Press, Release), and Delay (Immediate, 500ms), were the factors of interest. 190 

The crossed Video Type x Delay factors (i.e., Needle-Immediate, Needle-500ms, Q-tip-191 

Immediate, Q-tip-500ms) were fully randomized throughout the experiment; however, following 192 

Morrison et al.’s (2007a) procedures, participants alternated between Presses and Releases 193 

throughout the experiment (participants would press the spacebar and hold it until the next trial 194 

where they would then release it). To avoid possible order effects, we counterbalanced which 195 
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Movement Type participants started with across participants. Participants completed 8 blocks of 196 

60 trials each.  80% of total trials were Go signals (384/480 trials). This leads to 48 Go trials per 197 

fully crossed Video Type x Movement Type x Delay factors (i.e., Needle-Press-Immediate, 198 

Needle-Press-500ms, Needle-Release-Immediate, Needle-Release-500ms, Q-tip-Press-199 

Immediate, Q-tip-Press-500ms, Q-tip-Release-Immediate, Q-tip-Release-500ms). 200 

 201 

2.1.4 Procedure 202 

Participants first read over a letter of information going over the tasks in the study. If they were 203 

comfortable with the procedures, they were asked to sign a consent form. For the main 204 

experimental task, participants were told that they would see visual cues in the form of coloured 205 

squares. One colour (e.g., orange) would represent the Go signal, while another colour (e.g., 206 

purple) would represent the No-Go signal (the colours were counterbalanced across participants). 207 

Furthermore, they were told that they would be shown videos of a hand being stabbed by a needle 208 

or touched by a Q-tip before each visual cue. They were told to imagine “what the stimulated 209 

individuals might have felt” while watching the videos. After confirming that the participant 210 

understood the instructions, they were given 24 practice trials before beginning the main part of 211 

the experiment. The main part of the experiment consisted of 8 blocks of 60 trials each. Participants 212 

were given a self-paced break after each block. A single trial consisted of the following order of 213 

events: Fixation Cross (500ms) → Video Stimuli (1800ms) → Delay (None or 500ms) → Go 214 

Signal (Until Response)/No-Go Signal (500ms or sooner if participant erroneously responds) → 215 

ISI (500ms) (See Figure 1). Afterwards, the participants completed the IRI. Lastly, participants 216 

were debriefed about the purpose of the study before ending the experiment. 217 

 218 
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FIGURE 1 ABOUT HERE 219 

 220 

2.2 Results 221 

2.2.1 Reaction Times 222 

Average mean error (responding to the No-Go signal) rate was ~4.1%. Correct reaction times less 223 

than 150ms (anticipations) or greater than 1000ms (missed trials) were removed before final 224 

analysis (~1%). The 2x2x2 repeated measures ANOVA yielded a significant main effect of Video 225 

Type [F(1,59) = 49.8, p < 0.00001, partial-eta = 0.46], wherein participants responded after 226 

watching the Needle videos [M = 416ms, SE = 8.35] compared to Q-tip videos [M = 427ms, SE = 227 

8.42] (See Figure 2a); a significant main effect of Movement Type [F(1,59) = 60.8, p < 0.00001, 228 

partial-eta = 0.51], wherein participants responded faster when conducting a key press [M = 229 

400ms, SE = 7.78] compared to a key release [M = 443ms, SE = 9.67] (See Figure 2b); and a 230 

significant main effect of Delay [F(1,59) = 486, p < 0.0001, partial-eta = 0.9], wherein participants 231 

responded faster to the Go signal when it was presented with a 500ms delay [M = 390ms, SE = 232 

8.03] compared to no delay [M = 453ms, SE = 8.89] (See Figure 2c). We also found a significant 233 

Movement Type x Delay Interaction [F(1,59) = 60, p < 0.00001, partial-eta = 0.48]. This two-way 234 

interaction indicates that main effect of Movement Type (faster RTs for key presses vs. key 235 

releases) is weaker, but still significant, when the Go signal is presented with a 500ms delay [Key 236 

Release: M = 407ms, SE = 9.2; Key Press: M = 373ms, SE = 7.56; t(59) = 6.45, p < 0.00001, d = 237 

0.8] compared to when it is presented with no delay [Key Release: M = 479ms, SE = 10.4; Key 238 

Press: M = 428ms, SE = 8.16; t(59) = 8.7, p < 0.00001, d  = 1.2]. 239 

 240 

FIGURE 2 ABOUT HERE 241 
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 242 

2.2.2 IRI 243 

The IRI is broken down into 4 subscales: Perspective Taking (PT), Empathic Concern (EC), 244 

Fantasy Scale (FS), and Personal Distress (PD). As the only significant effect related to pain 245 

observation was a main effect of Video Type, we opted to take the difference score of reaction 246 

times across the collapsed Needle and Q-tip conditions and correlate this pain observation effect 247 

with each of the IRI subscales. 1 participant did not fully complete the IRI and, thus, was not 248 

included in this analysis. No significant correlations were found [all p > 0.3].  249 

 250 

2.3 Discussion 251 

Experiment 1 provides evidence for significant main effects of all three factors. The main effect 252 

of Movement Type shows that participants responded significantly faster to the Go signal if they 253 

responded with a key press vs. a key release, which is consistent with Morrison et al. (2007a). The 254 

main effect of Delay shows that participants responded significantly faster if the Go signal 255 

appeared after a 500ms delay (compared to no delay), which is consistent with Galang et al. (2017). 256 

Crucially, the main effect of Video Type shows that participants responded significantly faster to 257 

the Go signal if it was preceded by a Needle video vs. a Q-tip video, which replicates previous 258 

work showing that pain observation leads to a general facilitation of motor responses (e.g., Galang 259 

et al., 2017; Galang & Obhi, 2020). There were no significant correlations with the IRI subscales 260 

(discussed further in “General Discussion”).  261 

 262 

Note that, given the lack of a Video Type x Movement Type x Delay or a Video Type x Movement 263 

Type interaction, the results of experiment 1 do not support the Natural-Mappings hypothesis 264 
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(indeed, we report only a significant but theoretically uninteresting Movement Type x Delay 265 

interaction effect). One possible reason for our failure to find evidence for the Natural-Mappings 266 

hypothesis is that the key presses and releases may not have been accurate enough representations 267 

of approach and withdrawal behaviour. Of course, this does not explain how such movements 268 

yielded the pattern of effects reported in Morrison et al. (2007a). Nevertheless, it is possible that 269 

having participants perform more naturalistic movements will lead to Movement Type modulation 270 

during pain observation. Experiment 2 tests this possibility. 271 

 272 

3. Experiment 2 273 

3.1 Methods 274 

3.1.1 Participants 275 

60 separate right-handed participants were recruited to participate in this study for course credit 276 

(male = 12; age = 18.2). One participant was removed and replaced due to voluntarily withdrawing 277 

halfway through the experiment, and another participant was removed and replaced due to making 278 

>95% error during the task. As we replaced both participants, our sample size remains at 60. Prior 279 

to participation, participants provided written informed consent. The study was approved by the 280 

McMaster Research Ethics Board (MREB). 281 

 282 

3.1.2 Apparatus and Stimuli 283 

Experiment 2 generally followed experiment 1; however, two important differences were made. 284 

First, rather than responding via the spacebar on a keyboard, participants in experiment 2 used a 285 

Joystick (Thrustmaster) to perform forward (approach) and backward (withdrawal) movements. 286 

Second, rather than completing a Go/No-Go task and alternating between key presses and releases 287 
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per trial, we opted to cue participant Movement Type via a symbol (i.e., a circle or a hexagon - 288 

counterbalanced) that appeared before each video stimuli. Participants then made simple reaction 289 

time responses to an orange square. 290 

 291 

3.1.3 Design 292 

Experiment 2 follows the same 2x2x2 within-subjects design used in experiment 1. However, as 293 

participants no longer needed to alternate between key presses and releases every other trial, we 294 

could now fully randomize all fully crossed conditions (i.e., Needle-Forward-Immediate, Needle-295 

Forward-500ms, Needle-Backward-Immediate, Needle-Backward-500ms, Q-tip-Forward-296 

Immediate, Q-tip-Forward-500ms, Q-tip-Backward-Immediate, Q-tip-Backward-500ms) 297 

throughout the experiment. Participants completed 8 blocks of 40 trials. This leads to 40 trials per 298 

fully crossed conditions.   299 

 300 

3.1.4 Procedure 301 

Experiment 2 generally followed the same procedures as experiment 1. However, rather than being 302 

instructed on key presses and releases, participants were first trained to perform an approach or 303 

withdrawal movement with a joystick. At the start of the experiment, we instructed participants to 304 

either move the joystick forward if they saw one symbol (e.g., a circle) and move it backwards if 305 

they saw different symbol (e.g., a hexagon). We counterbalanced symbol-movement associations 306 

across participants. They were given 12 practice trials to get used to this association. The main 307 

part of the experiment consisted of 8 blocks of 40 trials each. Participants were given a self-paced 308 

break after each block. A single trial consisted of the following order of events: 309 

Forwards/Backwards Symbol (2000ms) → Fixation Cross (1000ms) → Video Stimuli (1800ms) 310 
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→ Delay (None or 500ms) → Response Cue (i.e., an orange square; until response) → ISI (500ms) 311 

(See Figure 3). Participants completed the IRI before finishing the experiment.   312 

 313 

FIGURE 3 ABOUT HERE 314 

 315 

3.2 Results 316 

3.2.1 Reaction Times 317 

Average mean error (making the wrong movement type) rate was ~5.2%. Correct reaction times 318 

less than 150ms (anticipations) and greater than 1000ms (missed trials) were removed before final 319 

analysis (~6.9%). The 2x2x2 repeated measures ANOVA yielded a significant main effect of 320 

Video Type [F(1,59) = 26.9, p < 0.00001, partial-eta = 0.31], wherein participants made faster 321 

responses after viewing the Needle videos [M = 483ms, SE = 9.19] compared to Q-tip videos [M 322 

= 495ms, SE = 9.04] (See Figure 4a); a significant main effect of Movement Type [F(1,59) = 20.9, 323 

p = 0.00002, partial-eta = 0.26], wherein participants made faster backward movements [M = 324 

482ms, SE = 8.43] compared to forward movements [M = 497ms, SE = 9.88] (See Figure 4b); and 325 

a significant main effect of Delay [F(1,59) = 623, p < 0.00001, partial-eta = 0.91], wherein 326 

participants made faster responses when the imperative cue was shown after a 500ms delay [M = 327 

442ms, SE = 8.6] compared to no delay [M = 536ms, SE = 9.8] (See Figure 4c). We also found a 328 

significant Movement Type x Delay interaction [F(1,59) = 11, p = 0.0016, partial-eta = 0.16]. 329 

This two-way interaction indicates that the main effect of Movement Type (faster backward 330 

movements compared to forward) is being driven primarily by the no delay condition [Forward: 331 

M = 547ms, SE = 10.6; Backward: M = 525ms, SE = 9.2; t(59) = 5.9, p < 0.00001, d = 0.77] 332 

compared to the 500ms delay condition [Forward: M = 446.2ms, SE = 9.6; Backward: M = 438ms, 333 
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SE = 8.1; t(59) = 1.94, p = 0.057]. 334 

 335 

FIGURE 4 ABOUT HERE 336 

 337 

3.2.2 IRI 338 

Following experiment 1, the only significant effect related to pain observation was a main effect 339 

of Video Type, and as such, we opted to take the difference score of reaction times across the 340 

collapsed Needle and Q-tip conditions and correlate this pain observation effect with each of the 341 

IRI subscales. 3 participants did not fully complete the IRI and, thus, were not included in this 342 

analysis No significant correlations were found [all p > 0.23].  343 

 344 

3.3 Discussion 345 

Experiment 2 yielded the same pattern of results as experiment 1: a significant main effect of 346 

Movement Type, which shows that participants made faster backward movements compared to 347 

forward movements; a significant main effect of Delay which shows that participants made faster 348 

overall movements if the response cue was delayed by 500ms (compared to no delay); and a 349 

significant main effect of Video Type, wherein participants made faster overall movements after 350 

observing the Needle videos vs. Q-tip videos. We again found no significant correlations with the 351 

IRI subscales (discussed further in “General Discussion”), and crucially, we found no evidence 352 

supporting the Natural-Mappings hypothesis (although we again found a significant but 353 

theoretically uninteresting Movement Type x Delay interaction effect).  354 

 355 

4. General Discussion 356 
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The aim of the current study was to empirically test the Natural-Mappings hypothesis, which 357 

predicts that, when participants are aware that there is a possibility of performing adaptive 358 

behaviours, pain observation should lead to slower approach-like movements and faster withdraw-359 

like movements. Neither experiment 1 nor experiment 2 yielded data to support this hypothesis. 360 

Instead, the results corroborated recent work showing that pain observation leads to a response-361 

general facilitation effect of motor behaviour (e.g., Galang et al., 2017; Galang & Obhi, 2020; Fabi 362 

& Leuthold, 2017). Given this, we can now state with some confidence that pain observation does 363 

not differentially facilitate adaptive approach/withdraw movements. Thus, such adaptive 364 

behaviour cannot be used to explain the functional significance of motor facilitation after pain 365 

observation. 366 

 367 

There at least two possibilities for what the functional significance of this effect could be. One 368 

possibility arises out of work by Han et al. (2017), which has recently shown that motor facilitation 369 

as a result of pain observation, in the form of a stronger response force, may be functionally related 370 

to inducing self-distress relief via attenuating neural responses (specifically the bilateral secondary 371 

somatosensory cortex) associated with pain observation. Such a mechanism may enhance 372 

empathic experiences towards another in pain, as current models of empathy suggest that, to 373 

appropriately empathize with another, one must focus on the other’s state and not confuse it with 374 

one’s own (e.g., Bird & Viding 2014). This self to other shift in attention may become easier if 375 

one’s own distress is not distracting, and as such, having a mechanism to decrease one’s own 376 

distress would be useful if one were attempting to empathize with another. It is important to note, 377 

however, that Han et al. (2017) had participants respond (and continue to respond) by pressing a 378 

key during pain observation, and their main dependent variable indexing motor facilitation was 379 
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response force. As such, it is unclear whether motor facilitation, as indexed by reaction times, after 380 

pain observation provides the same self-relief mechanism. 381 

 382 

The other possibility comes from work showing that higher arousal levels can lead to faster 383 

reaction times (e.g., Martinie et al., 2010). As such, it is possible that the general motor facilitation 384 

effects seen in these (and previous) studies is primarily due to general arousal levels increasing 385 

while watching the Needle videos, which then leads to faster reaction times when responding to 386 

the imperative cue. While this might at first appear to be a plausible explanation, it is important to 387 

note that high arousal does not always lead to faster reaction times. For example, work by de 388 

Houwer & Tibboel (2010) found that participants responded slower to a Go signal after observing 389 

a highly arousing image (both negatively and positively valanced). This comparison between de 390 

Houwer & Tibboel (2010) and motor facilitation after pain observation effects (e.g., Galang et al., 391 

2017) is apt, as both use similar paradigms: in both cases, participants completed some sort of 392 

reaction time task (e.g., Go/No-Go Task),  however, whereas previous motor facilitation after pain 393 

observation studies (e.g., Galang et al., 2017) showed videos of either a needle stabbing a hand or 394 

a Q-tip touching a hand before each imperative cue, de Houwer & Tibboel (2010) instead showed 395 

pictures from the International Affective Picture System (IAPS; Lang et al., 2008) (also see 396 

Vergruggen & de Houwer, 2007). They provide an attentional account of these results, pointing 397 

out that high emotional/arousing stimuli command more attentional resources, and as such, detract 398 

from attentional processing of a subsequent cue (e.g. a Go signal). As such, if our results were due 399 

to high arousal levels, we ought to have found slower reaction times after pain observation – given 400 

that we found the opposite, de Houwer & Tibboel’s (2010) results provide some evidence that the 401 

current results are not solely due to arousal levels.  402 
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 403 

It should also be noted that differences in stimuli may have also affected the current results when 404 

compared to those reported by Morrison et al. (2007a): whereas the current experiments used 405 

stimuli of a hand getting stabbed by a needle (or touched by a Q-tip) in the first dorsal interosseous, 406 

Morrison et al. (2007a) used stimuli of a hand getting stabbed/touched on the finger tips; 407 

furthermore, the former stimuli were shot from an 1st person perspective, while the latter from a 408 

3rd person perspective. As such, it is possible that such differences may have played a role in our 409 

results contrasting those of reported by Morrison et al. (2007a). Future studies will be needed to 410 

see if location of painful stimulation and the perspective of the observed pain influences approach 411 

and withdraw like movements during pain observation. 412 

 413 

It is also interesting to note that previous work in the emotion and attention literature has shown 414 

that positive-valenced and negative-valenced stimuli are mapped on to approach-like and 415 

withdraw-like movements, respectively (e.g., Duckworth et al., 2002; Warriner et al., 2017; Fini 416 

et al., 2020). As such, in addition to de Houwer & Tibboel’s (2010) results, the fact that the current 417 

experiments do not provide evidence for this mapping emphasizes a discrepancy between the pain 418 

observation and emotion and attention literatures. One might wonder if the type of stimuli used in 419 

each paradigm plays a role in this discrepancy; whereas those in the latter use emotional pictures 420 

and words, those in the former prefer videos. However, note that previous work showing others in 421 

pain via a picture format have yielded the same motor facilitation after pain observation effects 422 

found in their video stimuli counterparts (e.g., Fabi & Leuthold, 2017; Fabi et al., 2018; Galang et 423 

al., 2019). As such, it is unlikely that the stimulus format is the key factor driving this discrepancy. 424 

Future work will be needed to shed further light on this issue.  425 
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 426 

Regarding the lack of significant correlations between the IRI subscales and the motor facilitation 427 

effect found in both experiments – this finding corroborates what has been reported in previous 428 

work (Galang et al., 2017; Galang & Obhi, 2020). Note that one might argue that the lack of 429 

significant correlations is due to not having a sufficiently large sample size, and indeed, a 430 

sensitivity analysis via G*Power (Faul et al., 2007; 2009) shows that n = 60 is sensitive enough to 431 

detect r = 0.3 (medium effect size) at 65% power and r = 0.2 (small effect size) at 33% power. As 432 

such, there could possibly be an association that the current (and past) studies are not sensitive 433 

enough to detect. However, Hedge et al. (2018) have recently shown that cognitive tasks, such as 434 

the Go/No-Go task, are not well suited for correlation analysis, as cognitive tasks are designed to 435 

limit between-subjects variance, while trait measures emphasize between-subjects variance (also 436 

see Dang et al., 2020). As such, it is possible that the behavioural tasks used in the current 437 

experiments (and past studies) are not suited to detect individual differences in trait levels of 438 

empathy. More work will be needed to further explore this topic. 439 

 440 

It is also interesting to connect the current behavioural results with the neurophysiological indices 441 

of skeletomotor activity during pain observation (Riecansky & Lamm, 2019). One such measure 442 

is the use of TMS to explore cortico-spinal activity during pain observation – interestingly, this 443 

approach shows that there is a muscle-specific decrease in cortico-spinal activity during pain 444 

observation (e.g., Avenanti et al., 2005). This contrasts with the motor facilitation effect reported 445 

in the behavioural literature; however, given that this reaction time effect occurs after pain 446 

observation, and the TMS effect occurs during pain observation, it is possible that there is a 447 

muscle-specific decrease in activity during pain observation which leads to a response-general 448 
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motor facilitation effect after pain observation. Furthermore, previous TMS research has shown 449 

that the direction of cortico-spinal excitability varies as a function of personal distress, with lower 450 

personal distress predicting cortico-spinal inhibition during pain observation (and vice versa for 451 

higher personal distress; e.g., Avenanti et al., 2009; De Coster et al., 2014; de Guzman et al., 2016). 452 

Given that trait-levels of personal distress do not seem to correlate with the behavioural results of 453 

pain observation, it is possible that the behavioural and TMS results are not tightly related.  454 

 455 

Interestingly, and in contrast to TMS studies, EEG (electroencephalography) studies have found 456 

stronger desynchronization in the Beta and Mu frequency bands during pain observation (e.g., 457 

Yang et al., 2009; Fabi & Leuthold, 2017; Riecansky et al., 2015; 2019). As Beta and Mu 458 

desynchronization are thought to index increased motor and somatosensory activity, respectively 459 

(e.g., Pfurscheller et al., 1999; Fox et al., 2016; although see: Coll et al., 2015; Coll et al., 2017), 460 

these results suggest that there is an increase in sensorimotor activity during pain observation. As 461 

such, while contrary to TMS studies, these results better match their behavioural counterpart: 462 

increased sensorimotor activity during pain observation leads to motor facilitation after pain 463 

observation. However, no work that we are aware of has explicitly explored the relationship 464 

between these measures and behavioural responses; and as such, future work will be needed to 465 

fully explicate this relationship. Furthermore, while we did not find evidence for the Natural-466 

Mappings hypothesis at the behavioural level, it is possible that differential effects of approach-467 

related and withdraw-related movements may be observed with neural measures of empathic pain 468 

observation (e.g., TMS, Mu/Beta desynchronization, etc.). For example, including EEG to the 469 

current experimental set-up would have allowed us to observe whether preparing an approach vs. 470 

withdraw movement during pain observation influences Mu/Beta synchronization (also see Fini et 471 
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al., 2020 for recent work suggesting a direct link between positive/negative valenced stimuli and 472 

approach/avoidance tendencies, respectively, using TMS). Future studies will be needed to explore 473 

this possibility. 474 

 475 

In conclusion, both experiments reported in this study did not find evidence to support the Natural-476 

Mappings hypothesis. Instead, participants showed a response-general effect of pain observation 477 

on motor behaviour, such that they responded faster after observing someone in pain (vs. no pain), 478 

regardless of movement type. Future work is still needed to fully explicate the functional 479 

significance of this effect. 480 

 481 
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FIGURE 1. Schematic of a single trial in Experiment 1. 650 
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FIGURE 2. (A) Boxplot showcasing the main effect of Video Type (Needle vs. Q-tip). (B) 678 
Boxplot showcasing the main effect of Movement Type (Press vs. Release). (C) Boxplot 679 
showcasing the main effect of Delay (500ms, None). Each blue dot represents a single participant. 680 
The dotted line connects participant reaction times across conditions. 681 
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FIGURE 3. Schematic of a single trial in Experiment 2. 714 
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FIGURE 4. (A) Boxplot showcasing the main effect of Video Type (Needle vs. Q-tip). (B) 739 
Boxplot showcasing the main effect of Movement Type (Press vs. Release). (C) Boxplot 740 
showcasing the main effect of Delay (500ms, None). Each blue dot represents a single participant. 741 
The dotted line connects participant reaction times across conditions. 742 
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