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Summary  20 

Prosocial acts – those that are costly to ourselves but benefit others – are a central 21 

component of human co-existence1–3. While the financial and moral costs of 22 

prosocial behaviours are well understood4–6, everyday prosocial acts do not typically 23 

come at such costs. Instead, they require effort. Here, using computational modelling 24 

of an effort-based task we show that people are prosocially apathetic. They are less 25 

willing to choose to initiate highly effortful acts that benefit others compared to 26 

benefitting themselves. Moreover, even when choosing to initiate effortful prosocial 27 

acts, people show superficiality, exerting less force into actions that benefit others 28 

than themselves. These findings replicated, were present when the other was 29 

anonymous or not, and when choices were made to earn rewards or avoid losses. 30 

Importantly, the least prosocially motivated people had higher subclinical levels of 31 

psychopathy and social apathy. Thus, although people sometimes ‘help out’, they 32 

are less motivated to benefit others and sometimes ‘superficially prosocial’, which 33 

may characterise everyday prosociality and its disruption in social disorders. 34 

 35 
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The willingness to be prosocial – to perform acts that benefit others – is a central 52 

component of human social and moral behaviour. Prosocial behaviours are argued 53 

to be a key driver of bonding within groups and facilitate social cohesion1–5,7. Acts of 54 

prosociality are often reduced in those with criminal levels of psychopathy, in healthy 55 

individuals lower in empathy, and after brain damage4,7–13. Prosociality has 56 

commonly been investigated in terms of people’s willingness to benefit others when 57 

these acts come at a personal cost2,4,6,14. Typically these costs have been financial, 58 

such as when donating to other individuals or charities,6 or moral, such as deciding 59 

whether to profit from others’ harm4,5. Yet in day-to-day life financial and moral costs 60 

are often negligible. Instead, prosocial acts require motivation to exert effort. Here, 61 

we use computational modeling to precisely characterise how effort costs influence 62 

motivation to benefit ourselves and other people.  63 

 64 

Theoretical accounts of motivation highlight that there are at least two key 65 

components that define the willingness to exert effort. First, prior to an action being 66 

performed, its costs and benefits are evaluated15–20. When rewards are high, or effort 67 

costs low, the value of a behavior will be high and people will be motivated to choose 68 

to perform that action. However, when rewards are low or the effort required is high, 69 

the subjective value of reward is reduced. Recent accounts suggest that such 70 

‘devaluation’ or ‘discounting’ of rewards by effort can be quantified using 71 

computational modelling approaches17,21–27. Using such models, it is possible to 72 

precisely characterise the form that the devaluation takes, and the extent to which 73 

each individual devalues rewards by effort costs. Second, once chosen, actions must 74 

be energised to such a degree that they are sufficiently forceful28–30, in order to 75 

obtain the desired outcome. While this framework has been used extensively to 76 

provide quantifiable measures of motivation to reward oneself, surprisingly such 77 

models have not been applied to understand how we motivate actions that benefit 78 

others. 79 

 80 

Are people prosocial or are they more selfish when it comes to putting in effort for 81 

others? As far as we are aware there are no studies that have quantified either 82 

willingness or force exerted when people have to put in physical effort for others’ 83 
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benefit. However, results of studies using economic games are often consistent with 84 

a largely selfish view of human behaviour6,31. While individuals are willing to 85 

cooperate and share financial resources with others, they still value their own 86 

financial gains above those of other people6,31,32. In contrast, studies of moral 87 

decision-making have painted a more positive picture of human behaviour. When 88 

individuals trade-off a financial cost to themselves against a number of painful 89 

shocks delivered to them or to an anonymous stranger, they appear to be 90 

‘hyperaltruistic’4,5. They are willing to pay more money to avoid painful shocks being 91 

delivered to another person, than they are to themselves. Thus, if prosocial effort 92 

costs are like moral choices, people might be more willing to exert effort to benefit 93 

others over themselves and therefore should be hyper-motivated to benefit others. 94 

On the other hand, if effort costs are treated similarly to financial costs, people may 95 

be prosocially apathetic and far less willing to work to benefit others.  96 

 97 

Levels of self-motivation and prosocial behaviours vary considerably between 98 

people. Self-motivation, in terms of the willingness to exert effort for oneself, has 99 

been shown to relate to state and trait levels of apathy17,33. Apathy is as a reduction 100 

in the willingness to exert goal directed behaviours34. Multiple lines of evidence are 101 

emerging that as well as being common in several neurological and psychiatric 102 

disorders, apathy is also present to varying degrees in the general population17,35–39, 103 

and can be reliably measured as a dimensional construct35. This dimensional 104 

approach to understanding psychiatric and clinical disorders is consistent with the 105 

recent RDoC approach to uncover the mechanisms of psychopathology in health 106 

and disease40.  107 

 108 

Individuals who have high levels of behavioural activation apathy are less likely to 109 

exert effort to benefit themselves17,33. However, apathy is not a unitary construct, and 110 

recent evidence demonstrates that another key component of lack of motivation can 111 

relate to social apathy35. Those who are more socially apathetic report less 112 

engagement in social behaviours35. Here we use the term “prosocial apathy” to refer 113 

to reduced motivation to put in effort for others benefit, relative to one’s own benefit. 114 

Whether individuals who are more socially apathetic also show reduced willingness 115 
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to exert prosocial acts and to put in effort to benefit others is currently unknown. 116 

Outside the domain of motivation, moral and financial prosocial choices often vary 117 

considerably between individuals4,7,41,42; and levels of psychopathic traits are 118 

negatively correlated with trait measures of prosociality43 and self-reported 119 

enjoyment of prosocial interactions44. However, the significance of such trait level 120 

associations for behavior is unclear. For these reasons, we also tested whether 121 

those high in psychopathic traits or social apathy are less willing to exert effort to 122 

benefit others. 123 

 124 

To examine whether people are hyper-motivated or apathetic when choosing or 125 

energising acts that benefit other individuals, we designed an effort-based decision-126 

making task based on rodent, primate and human research15,45,46. Across two 127 

studies, participants made choices about whether they were willing to exert an 128 

offered level of effort for rewards and subsequently executed the chosen effort 129 

(Fig.1). To precisely quantify effort, we used different levels of grip-force, with the 130 

levels of effort scaled as a percentage of each individual’s maximal voluntary 131 

contraction (MVC). Participants made choices between a baseline no effort (0% of 132 

MVC), low reward option (1 credit) and a variable ‘offer’, that was higher in reward 133 

(2-10 credits) but also higher in effort (30-70%). We also examined choices and 134 

force exerted when avoiding losing rewards (2-10 credits) if they chose the ‘offer’.  135 

 136 

Once they made their choice, participants were required to squeeze the handle to 137 

the required degree of force. Crucially, on half of the trials they made choices in 138 

order to earn payment for themselves (Self condition) and on the other half of trials 139 

they had the option to put in effort to reward another person (Other condition). Using 140 

computational modelling approaches we quantified how willing people were to 141 

choose to exert effort to benefit themselves versus others and the mathematical 142 

function that characterized the discounting of reward. We also examined how 143 

energised people’s actions were by measuring the force exerted at each level of 144 

effort. We could therefore test our key question of whether effort is costlier when 145 

benefitting others or ourselves and whether trait levels of apathy and psychopathy 146 

explain individual differences in prosocial apathy. 147 
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 148 
Figure 1. Prosocial Motivation Measure (PMM) for Self vs. Other 149 

a. In Study 1 participants were assigned to two different roles in the experiment 150 
completely anonymously. They made choices between a fixed low effort, low reward 151 
option (shown on left) or a variable higher effort (30%, 40%, 50%, 60%, 70% 152 
maximum voluntary contraction, MVC) but higher reward option (2-10 credits). Once 153 
a choice was made the chosen force was exerted on a handheld dynamometer in 154 
the participant’s dominant hand (Exert effort). Only if the required level was reached 155 
for 1s out of a 3s window would the offered reward be obtained, otherwise 0 credits 156 
would be delivered. On half the trials, the credits on offer were for themselves (Self: 157 
shown in red). On the other half of trials, credits were for the other participant (Other: 158 
blue). b. In Study 2 participants met face-to-face with a confederate (whom they 159 
believed to be another participant taking part in the same study). Participants took 160 
part in two sessions in counterbalanced order. In one session, they made choices to 161 
win money for the other person and themselves; in another session, they made 162 
choices to avoid losing money for the other person and themselves. 163 



 7 

 164 

Using ANOVAs on proportion of acceptance of the ‘variable offer’, we first examined 165 

whether the willingness to choose to put in effort to obtain rewards differs by agency 166 

(Self or anonymous Other) of the beneficiary. In Study 1, there was a significant 167 

Agent x Effort level interaction (F(4,188) = 11.21, p<.001; Fig 2A), as well as main 168 

effects of Effort and Agent (Effort: F(4,188) = 128.01, p<.001; Agent: F(1,47) = 169 

54.93, p<.001). Thus, as the offer increased in effort, people were less willing to 170 

choose it. However, this effect was further exaggerated when another person was 171 

the beneficiary, with a greater reduction in the willingness to exert higher levels of 172 

effort for the other person. Therefore, when the costs are low, people are willing to 173 

choose to benefit both themselves and others. However, when the costs are high, 174 

people are less willing to put in effort to help others than themselves. Are people less 175 

incentivized by rewards for others? We found a significant main effect of Reward 176 

(F(4,188) = 52.05, p<.001) and Agent (F(1,47) = 54.93, p<.001) and an interaction 177 

between Agent and Reward (F(4,188) = 6.34, p<.001). Thus, as rewards increased, 178 

people were more incentivized for self versus other (Fig 2A).  179 

 180 
In Study 2 we aimed to replicate the findings of Study 1 and also examine whether 181 

prosocial motivation could be increased by changing the nature of the other person 182 

and the rewarding incentives. Previous studies suggest that prosocial behaviour can 183 

be affected by whether this is public or private43,47,48. For example, the introduction of 184 

an audience increases levels of prosociality43,47,48, while anonymity reduces it49. 185 

Therefore, we examined whether face-to-face contact with the person who would 186 

receive the outcomes would increase the effort exerted for others. In addition, we 187 

also included an avoid loss condition as studies of moral harm have often used 188 

negative valence to the benefit on offer (e.g. losing money to avoid harm4,5). 189 

Moreover, previous research has suggested that self-motivation can be increased 190 

when the aim is to avoid the loss of rewards, rather than trying to earn them50,51. 191 

Thus, Study 2 allowed us to examine three questions. First, do the effects of effort 192 

replicate when minimal contact is made with another person whom the participant is 193 

led to believe is the ‘Other’ person? Second, is there a loss aversion effect that 194 
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results in higher levels of prosocial motivation? And finally, is there still an increased 195 

willingness to exert higher levels of effort when avoiding losses? 196 

 197 

First, examining the win session only (Fig 2B), we replicated the findings of Study 1 198 

for effort (Agent x Effort interaction (F(4,176)=18.02, p<.001) but not for reward, 199 

(Agent x Reward interaction F(4,176)=2.22, p=.069). This suggests that even when 200 

participants met the person who would be receiving the outcomes, their prosocial 201 

motivation did not increase in terms of the effort they were willing to expend. 202 

Moreover, in this analysis, effort levels were collapsed across reward and the 203 

 variable offer was always associated with an effort cost. Thus, the interaction 204 

between agent and effort across both studies suggests that it is a reduced 205 

willingness to exert  effort for others that consistently drives reduced choices of 206 

‘offers’ for others and not only a  reduced sensitivity to rewards that others will 207 

receive. 208 

 209 

Analysis of behaviour from the losing session (Fig 2C) showed that framing the task 210 

as avoiding losses for self and other did not change motivation. Again, participants 211 

were less willing to choose to put in effort to avoid losing money for the other person 212 

compared to themselves at increasing levels of effort (Agent x Effort interaction 213 

(F(4,176)=13.59, p<.001)). They also demonstrated significantly lower loss sensitivity 214 

for others compared to themselves (Agent x Reward interaction (F(4,176)=3.10 215 

p<.017)). These findings were also replicated when including winning and losing in 216 

the same ANOVA model (See Supplementary Results). Comparing choice behaviour 217 

between study 1 and 2, we did not find a significant interaction between sample x 218 

agent x effort (F(4,364)= 2.13 p=.08). 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 



 9 

 227 
 228 

Figure 2. Prosocial apathy when deciding to exert effort to reward others.  229 

A. Proportion of higher effort/higher reward option chosen over baseline option 230 
(lower reward, lower effort) plotted against effort (top panel) and reward levels 231 
(bottom panels) in Study 1 (n=48). Effort levels 1-5 correspond to 30, 40, 50, 60 and 232 
70% of a participant’s maximum voluntary contraction (MVC). Reward levels 1-5 233 
correspond to 2, 4, 6, 8 and 10 credits. Participants chose the high effort/higher 234 
reward option more frequently for self (red bars) than other (blue bars), with this 235 
difference increasing with effort level. They were also less reward sensitive for other 236 
people than themselves. Error bars show S.E.M. B. In Study 2 (n=45), people again 237 
chose the higher effort/higher reward option more frequently for self than other, with 238 
this effect increasing with effort level (top panel). Participants were also less reward 239 
sensitive for others compared to self (bottom panel). Error bars show S.E.M. C. 240 
When making choices to avoid losing for self or other in Study 2, participants chose 241 
the higher effort/lower loss option more frequently for self than other (top) and were 242 
less loss sensitive for self than other. Error bars show S.E.M. 243 
 244 

 245 

Next, to precisely quantify the subjective influence of effort on rewards for self and 246 

other we created a range of computational models that characterised how rewards 247 

were being devalued by the amount of effort. This approach allowed us to quantify 248 

people’s motivation to put in effort to reward others using a single parameter, that 249 

meaningfully characterizes how motivation is influenced by the balance between 250 

effort and reward. The model also allowed us to use this parameter to test for 251 

associations between discounting rates and self-report measures, which can provide 252 
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more interpretable results than using individual difference measures as covariates in 253 

ANOVAs that contain multiple factors, with multiple levels.  254 

Models were fitted to behavioural data using the softmax function (See Materials and 255 

Methods and Supplementary Methods). Each model contained idiosyncratic 256 

parameters characterizing (‘K’) the degree to which a reward was devalued by effort, 257 

and ‘noise’ parameters characterizing the stochasticity of choices (β). There were 258 

two features that were varied to create the model space. First, we varied the 259 

mathematical function that characterises the form of the discounting (i.e., whether 260 

rewards are devalued linearly, hyperbolically, or parabolically by physical effort22,52). 261 

Second, we compared models which tested whether people devalue or ‘discount’ 262 

rewards by effort to the same degree on self or other trials, or instead used separate 263 

discounting rates. We therefore created two classes of models that had either the 264 

same parameters to characterise discounting (K) on self and other trials (models 1-6) 265 

or separate ones (models 7-12, Fig 3.). Within these models, we tested a further two 266 

classes of models that characterized whether separate parameters for levels of noise 267 

(β, softmax) (models 4-6, 10-12), or single parameters for noise (models 1-3, 7-9) 268 

best explained behaviour.  269 

 270 

The winning model in Study 1 was a parabolic model in which separate parameters 271 

characterised the devaluation of rewards for self and other trials, but had a single 272 

noise parameter (model 7, Fig 3A). This model was best able to explain participants’ 273 

choices when correcting for the number of parameters in the models. The Bayes 274 

Information Criterion (BIC) scores of this model were very close to a parabolic model 275 

that had separate discounting parameters for self and other but also separate 276 

parameters for noise (BIC two discount, one noise parameter 5591.69; BIC separate 277 

Kself and Kother, one noise parameter = 5574.28; Fig 3A,D). However, choice 278 

behavior of the majority of participants (32 out of 48) was explained better by the 279 

model with a single noise parameter. Thus, devaluation of rewards by effort for self 280 

and other can be characterised in the following manner: 281 
 282 
 283 

𝑆𝑉 = 𝑅 − 𝐾𝐸( 284 
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 285 

𝐾 = 	 𝐾𝑠𝑒𝑙𝑓	if	self	trial
					𝐾𝑜𝑡ℎ𝑒𝑟	if	other	trial

 286 

   287 

In this model, SV is the subjective net-value of a variable offer of given Effort (E) and 288 

Reward (R). The extent to which rewards are subjectively discounted is dependent 289 

on the discount parameter (K) which is different on self and other trials. A high K 290 

indicates participants are discounting rewards by the effort to a higher degree.  291 

The winning model (model 7) was replicated with the winning session data from 292 

Study 2 (BIC = 3671.72; Fig 3B) and in the majority of participants (33/45 people) 293 

compared to the separate noise model (model 10). Furthermore, the same model 294 

was again replicated as the best fitting to the avoiding loss session of Study 2 (BIC = 295 

3597.85, Fig 3C), and in the majority of participants (40/45 participants). We also ran 296 

model comparisons with the combined winning and losing data from Study 2 to test 297 

whether separate win and loss parameters were also needed to explain participants’ 298 

behaviour. This additional family of models also showed that separate parameters 299 

were needed to explain self and other discounting, but also that separate parameters 300 

were explained the discounting of rewards and losses (see Supplementary Fig. 1). 301 
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 302 
Figure 3. Model comparison robustly shows across two studies that a model 303 
with separate discount parameters for self and other best explains behaviour. 304 
A. Model comparison results from Study 1 with x-axis depicting model number and y-305 
axis the sum of Bayesian information Criterion (BIC) Score. Models with parabolic, 306 
linear and hyperbolic discounting functions with either single (models 1-6) or 307 
separate discount (K) parameters (models 7-10) for self and other and/or single (red 308 
and green) or separate noise (β) parameters (yellow and blue) for self and other. A 309 
parabolic model with separate parameters for self and other discounting but a single 310 
noise parameter best explained participant’s behavior and in the majority of subjects 311 
(model 7 in all studies), which was determined by having the lowest summed BIC 312 
score in combination with explaining behaviour in the majority of participants. Pie 313 
chart shows the proportion of participants the winning model explains behaviour in 314 
(green) compared to the same model with separate noise parameters (blue). 315 
Asterisks show the two models with lowest BIC scores. B Model comparison results 316 
from Study 2-win replicated the winning model from Study 1. Asterisks show the two 317 
models with lowest BIC scores. C Model comparison results from Study 2-lose also 318 
replicated the winning model from Study 1 and Study 2-win. Asterisks show the two 319 
models with lowest BIC scores. D Mathematical formula for the winning parabolic 320 
model. The graph shows discount parameters for the median K scores for self and 321 
other at reward level 4 for illustrative purposes. 322 
 323 
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 324 
To support the univariate analyses outlined at the beginning of the results, we also 325 

compared the discounting parameters from the model for Self and Other. The 326 

discounting parameters were higher for other compared to self in both studies and 327 

also for the winning data (one participant was excluded from Study-2 win due to very 328 

poor model fit resulting in a K value>3SDs above the mean; Wilcoxon Signed-Rank 329 

Test: Study 1 Kother > Kself, Z = 5.60, p<.001; Replicated in Study 2-win Z = 5.01, 330 

p<.001 and Study 2-loss Z = 4.41, p<.001). However, the parameters were also 331 

correlated, albeit only weakly in Study 1, suggesting that there is some baseline level 332 

of motivation that affects discounting for both self and other (Study 1 r=.26, p=.08 333 

(marginal) Study 2-win r=.39, p=.008; Study 2-loss r =.35, p=.017). We also 334 

compared discount rates for self and other across the two samples. Intriguingly, we 335 

found that participants discounted rewards by effort for others to a lesser degree in 336 

study 2 compared to study 1 (z=-2.83, p=.005), but no greater discounting of rewards 337 

for self (z=-1.49, p=.14). This suggests that meeting another person face to face did 338 

in fact increase prosocial motivation, but still not to the same level as self motivation. 339 

Note that using, ANOVAs we did not find a significant interaction between agent, 340 

effort and sample, suggesting that the model may have provided a more sensitive 341 

measure of the balance between reward and effort on participant choices. In sum, 342 

these findings support the notion that people are less willing to choose to put in effort 343 

to obtain rewards for others, than they are for themselves. That is, they are more 344 

apathetic when being prosocial, than when benefiting themselves. 345 

 346 

Existing studies suggest that there may be substantial variability in the extent to 347 

which people are prosocial4,7,13,41,42. Consequently, we investigated whether 348 

individual differences in self-reported motivation could explain some of the variance 349 

in behaviour. To ensure adequate power for these analyses we pooled together self-350 

report and behavioural data from Study 1 and the winning session of Study 2 (N= 92; 351 

one participant excluded for extremely poor model fit providing discount (K) values > 352 

3 SDs above mean). Our first set of questions related to whether self-report levels of 353 

motivation would correlate with willingness to put in effort on the task. We used the 354 
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Apathy-Motivation Index (AMI), a self-report measure of levels of motivation with 355 

strong psychometric properties35 (see Supplementary Methods). 356 

 357 

The AMI divides apathy into three different domains: Behavioural activation (Self) 358 

motivation, emotional sensitivity and Social (Other) motivation. Our main hypothesis 359 

was that individuals who were less willing to put in effort on the ‘Other’ trials would 360 

show higher levels of social apathy on the AMI. Consistent with this view, there was 361 

a significant positive correlation between levels of Social Apathy on the AMI and 362 

‘Other’ K values from the model (r = .22, p =.03).  Previous studies have shown that 363 

willingness to put in effort to obtain rewards for ourselves correlates with behavioural 364 

activation17,33. In line with these studies, we found that people who had higher 365 

discounting for ‘Self’ (higher self K) also had higher levels of behavioural activation 366 

apathy on the AMI (r = .34, p =.002). In contrast, there was no correlation between 367 

the ‘Other’ K parameter and the behavioural activation subscale. Thus, variation in 368 

the willingness to exert effort for others in the task appears to relate specifically to 369 

everyday self-reported social apathy whereas willingness to put in effort to benefit 370 

ourselves related to behavioural apathy. 371 

 372 

Another key individual difference that may affect willingness to help others is our 373 

level of psychopathic traits. Psychopathy is a disorder characterised by a 374 

constellation of cognitive and behavioural atypicalities including callousness, shallow 375 

affect, lack of guilt, antisocial behaviour and impulsivity53–56. In the typical population, 376 

psychopathic traits can be reliably measured, with these traits existing on a 377 

continuum, and often mirroring associations with related constructs that are found in 378 

clinical samples57–59. Individuals high in psychopathic traits have consistently been 379 

found to be less willing to engage in prosocial behaviours43,44.	  In contrast, they may 380 

also engage in behaviours associated with impulsivity and antisociality53,60,61. 381 

Psychopathic traits are therefore prototypically linked to selfish behaviour and a 382 

reduced willingness to help others relative to oneself. On this basis, we predicted 383 

that psychopathic traits would be associated with a lower willingness to put in effort 384 

for rewards for others relative to oneself. As hypothesized, the  difference in the 385 

discounting parameters between motivation for Other and Self (Kother – Kself) was 386 
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correlated with total psychopathy scores (r= .24, p=.02; Kother, r=.05, p=.66; Kself, 387 

r=-.15, p=.15). Follow up-analyses to determine if this effect was associated with 388 

specific aspects of psychopathy showed that there was a correlation with affective-389 

interpersonal (core) psychopathic  traits (r= .23, p = .03; KOther, r=.10, p=.37, Kself 390 

r=-.10, p=.35) but not lifestyle antisocial traits (r=-.09, p=.40; KOther, r=.-.12, p=.28, 391 

Kself r=-.19, p=.08) (see Supplementary Methods). Thus, those higher in 392 

psychopathic traits devalue rewards by effort to a greater degree when another 393 

person is the beneficiary, relative to when they are putting in effort to help 394 

themselves. These findings suggest there might be utility in using our paradigm to 395 

understand prosocial deficits in clinical disorders. 396 

 397 

Even when subjects do choose to exert effort for others, do they subsequently 398 

energise the actions to the same degree? To address this question, we ran linear 399 

regressions predicting the area under the curve (see Materials and Methods) of the 400 

force applied on each trial. Only trials where participants chose the variable offer 401 

were included in this analysis (since these were the only trials where they chose to 402 

put in effort).  In Study 1 we found an Agent x Effort interaction indicating that as the 403 

amount of effort required increased there was an greater difference in the total 404 

amount of force exerted (average b = -0.04, Agent x Effort interaction, p<.001). 405 

Reduced levels of force exerted at the higher levels of effort for others, relative to 406 

self, drove this effect (Fig 4A). There were also main effects of Effort, Agent and 407 

Reward (Effort: b = .86, p<.001; Agent: b = -0.05, p<.001; Reward b = 0.04, p<.001). 408 

Thus, in Study 1 the force exerted increased as the effort required increased, but this 409 

happened to a lesser degree when exerting effort to benefit another person. 410 

 411 

These findings were replicated in Study 2 for winning (Agent: b = -.08, p<.001; b = 412 

0.51, Effort: b = .85, p<.001; Reward: b = .05, p<.001; Agent x Effort interaction,  b = 413 

-.03, p<.001). However, for losses there was a main effect of agent on force exerted 414 

(b = -0.06, p<.001) but no significant interaction between agent and effort (b = -0.02, 415 

p=.14). Given the effects of effort across study 1 and 2, and the interactions between 416 

effort and agent when winning rewards in both studies, these results consistently 417 

show that people apply less grip force when exerting effort to reward others 418 
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compared to themselves. Moreover, when benefitting others, at higher levels of effort 419 

prosocial acts are energized to a lesser degree when winning monetary rewards 420 

(See Supplementary Fig. 2). 421 

 422 
Figure 4. Reduced force when exerting effort to help others.  423 

Even when choosing the experimental option for other, participants applied less grip 424 
force than when applying force to reward themselves. A. Force exerted as the total 425 
area under the curve during the ‘effort period’ on each trial (top panel). Participants 426 
applied less grip force when rewarding the other person compared to self at the 427 
higher levels of effort. In a linear regression, Agent, Reward, Effort and the Agent x 428 
Effort interaction were all significant predictors of force exerted (all p<.001). Asterisks 429 
show significant beta weight (p<.001). Error bars show S.E.M. B. Reduced force 430 
when rewarding others was replicated in Study 2 (top). As in Study 1, Agent, 431 
Reward, Effort and Agent x Effort interaction were significant predictors of force 432 
exerted (all p<.001). Asterisks show significant beta weight (p<.001). Error bars 433 
show S.E.M. C. Participants also applied less force when avoiding losses for others 434 
compared to self (top). Agent, Reward and Effort were again all significant predictors 435 
of force exerted (all p<.001). Asterisks show significant beta weight. Error bars show 436 
S.E.M. (p<.001). Together, these results show that people are superficially prosocial, 437 
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even after choosing to exert effort participants apply less grip force to reward other 438 
people than themselves.  439 
 440 

 441 

There is considerable debate in philosophy, economics and psychology as to 442 

whether humans are truly prosocial, willing to suffer costs to themselves to benefit 443 

others2,3,6,14,62. While empirical studies have quantified how willing people are to 444 

donate to charity or individuals and to cooperate with others4–7,63,64, a crucial factor of 445 

everyday prosocial acts is they come at the cost of quantums of effort that must be 446 

exerted. Here we derived a computational model, through Bayesian model 447 

comparison approaches, that characterises how motivated people are to exert effort 448 

to benefit themselves versus others. On two different metrics of effort, which were 449 

set to people’s own level of strength, we found that people are in fact prosocially 450 

apathetic. Although they will perform prosocial acts, they choose to do so less 451 

frequently than acts that benefit themselves (Fig. 2). Moreover, even after choosing 452 

to do so, they put in less force (Fig. 4). These effects were replicated across two 453 

studies, either when winning rewards or when avoiding losses, and when the other 454 

person was completely anonymous or not.  455 

 456 

To characterize the subjective influence of effort on rewards for self and other we 457 

examined a range of computational models that describe how rewards are devalued 458 

by the amount of effort required to obtain them. The winning model was a parabolic 459 

discount with separate parameters for devaluation of rewards for Self and Other 460 

person trials and a single noise parameter (Fig. 3). This was robust across studies, 461 

regardless of whether people had to exert effort to gain reward or avoid losing it. 462 

Moreover, there was a significant correlation between levels of self-reported social 463 

apathy and the model discount (K) values for how people devalued reward for 464 

another person. The difference in the discounting parameters between motivation for 465 

Self and Other also correlated with affective-interpersonal psychopathic traits, 466 

consistent with greater discounting of rewards for others compared to self in people 467 

who have higher levels of psychopathy. 468 

 469 
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Overall, these results extend recent research examining the boundaries of prosocial 470 

behaviour. Economic theories posit that humans are inherently self-interested and 471 

predict that a rational agent would not exhibit any prosocial behaviours unless there 472 

was a benefit to themselves6,32. However, research into moral dilemmas has shown 473 

that people can be hyper-altruistic and desire to benefit others more than 474 

themselves4,5. Prosocial motivation therefore does not appear to completely accord 475 

with classical economic theories or research examining prosocial behaviour in terms 476 

of moral decisions. Instead, people are willing to put in effort to help others, 477 

suggesting that they can be altruistic, but they are less motivated to do so than for 478 

themselves, which we refer to as prosocial apathy. 479 

 480 

A plethora of research has now shown that while people can process information 481 

about others, when the same information pertains to ourselves, it is processed with 482 

greater fidelity and speed65. People therefore show a ‘self-bias’ for many sources of 483 

information. In the prosocial domain, this self-bias is also observed when people 484 

learn to perform actions that help others, with individuals being faster to learn what 485 

actions will benefit themselves7. Our results suggest that there may be a similar self-486 

bias for motivation to exert effort. People are indeed willing to exert effort for others 487 

and energise prosocial acts, but to a lesser degree than they will for themselves.  488 

 489 

One important benefit of our design is that we had two metrics of prosocial 490 

motivation: both choices and the measurement of force even when an individual 491 

chose to exert effort. We were therefore able to identify a previously unobserved, but 492 

intuitive, phenomena; people show ‘superficial prosociality’. They indicate they are 493 

willing to put in effort to help others, but when it comes to performing a prosocial act, 494 

they do not put in effort to the same degree as if they were doing it for their own 495 

benefit. Thus, strikingly we find that even when people do show a seeming 496 

willingness to benefit others, they are not in fact as motivated to benefit another 497 

person, particularly when the effort required is high (Fig. 4). Moreover, although we 498 

found consistent results across both metrics, there was no a priori reason to expect 499 

this to be the case.  500 

 501 
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It could be argued that participants in our study were simply complying with a social 502 

norm that prosocial acts should not be directed towards strangers. However, such a 503 

heuristic or norm would logically operate at all levels of reward and effort. That is, 504 

people should always choose not to benefit another, regardless of whether the other 505 

person will get a small or large reward. We found consistent interactions between 506 

effort and agency in people’s decisions, but less consistent reward by agency 507 

effects. At low levels of effort, people were relatively similar in their willingness to 508 

choose to exert effort to benefit self or other, compared to at the higher levels of 509 

effort where the disparity in motivation between self and other was greater. Similar 510 

interaction effects were also present in the people’s energisation of actions that 511 

benefitted self or other. Thus, people’s willingness to exert effort for others really did 512 

depend on the costs of acting, suggesting that participants were being influenced by 513 

the effort costs and not simply using a heuristic that benefiting strangers is 514 

undesirable. 515 

 516 

There is emerging evidence that the systems in the brain that might be crucial for 517 

computing subjective value of exerting effort, and guide our choices of whether it is 518 

worth allocating resources, are partially distinct from those that are engaged in 519 

mobilising the resources that are required to actually execute the actions28,29,66. It is 520 

therefore striking that we found evidence of reduced motivation to benefit others 521 

relative to self in both choices and the energisation of actions. This result also throws 522 

into question whether the hyper-altruistic behaviours observed for morally driven 523 

prosocial acts4,5 may also be due to those studies only examining choice behaviours. 524 

Perhaps, if metrics of people’s actual energisation of acts that prevent harm to Self 525 

vs. Other were examined, their superficiality might lead to a reduction in our 526 

assessment of how altruistic people are. 527 

 528 

Prosocial acts can be driven by the reputation of another person or the possibility 529 

that prosocial acts will be reciprocated2,14,43,47–49. In order to maintain experimental 530 

control, we tried to limit the effects of reputation and reciprocity by keeping the other 531 

participant anonymous in Study 1, and informing the participant that the other person 532 

would not know how much money had been earned or lost in Study 2. We also did 533 
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not observe any interactions between participant gender and the willingness to exert 534 

effort for self or other, suggesting similar levels of prosocial motivation in males and 535 

females. These results show that, regardless of context, people are less motivated to 536 

incur costs to benefit others. However, we did find increased motivation for 537 

benefitting others in the second experiment compared to the first, and therefore 538 

meeting face to face with another may indeed increase prosocial motivation, even if 539 

it still does not lead to same levels of motivation as when benefitting ourselves. 540 

Future studies that manipulate social context, such as reputation of another person, 541 

the reciprocity of acts, or that examine the allocation of effort between individuals 542 

may be able to determine whether prosocial motivation can be raised to an equal or 543 

higher level than self motivation. By examining these effects in ecologically valid 544 

situations, the generalisability of our results across the spectrum of social situations 545 

could be determined.  546 

 547 

An alternative account of prosocial behaviour has come from the notion that people 548 

experience a ‘warm glow’ or ‘vicarious reward’ from acts that benefit others. This 549 

hypothesis is motivated by the fact that areas of the brain that process rewards 550 

others receive overlap with those that process one’s own rewards67–71. This could 551 

potentially account for one element of the results presented here, specifically that 552 

people were motivated to perform acts that benefit others at all. However, it cannot 553 

account for why people show less motivation to benefit others. Intriguingly there is 554 

growing evidence that there are areas of the brain that play important roles in 555 

processing information specifically about costs and benefits that pertain to others 556 

and not ourselves69,72,73. The anterior cingulate gyrus (ACCg) and the subgenual 557 

anterior cingulate cortex (sgACC) have been shown to process this information only 558 

when processing the costs and benefits for others, and not ourselves, and when 559 

learning to be prosocial7,16,69,72,74–76. These regions also show variability in 560 

processing such information that correlates with trait levels of empathy, a crucial 561 

driver of prosocial behaviour7,62,75. Moreover, there is growing evidence that exerting 562 

effort to cooperate or compete with others is driven by separable neural circuits77. 563 

This would suggest that processing information about the benefits for others might 564 
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be encoded in a separate system, that may motivate prosocial acts, and its variability 565 

drives individual differences in prosocial motivation. 566 

 567 

Although overall participants were prosocially apathetic, we also provide evidence 568 

that this tendency varies between people4,7,17,33,41,42. While self-reported levels of 569 

behavioural activation apathy were associated with increased devaluation of rewards 570 

for self, replicating previous findings17,33, social apathy related specifically to how 571 

motivated people were to put in effort for others. Moreover, apathy in the self or 572 

social domain only related to the willingness to exert effort in the self or other domain 573 

respectively. This suggests that a key component of social apathy might be the lack 574 

of willingness to engage in effortful social acts, which can be characterized by a 575 

specific computational measure. Previous studies have also suggested that self-576 

reported levels of prosociality are lower amongst those with high psychopathic 577 

traits43,44. Here, we show that lower prosocial motivation on the behavioural level is 578 

also apparent in those with higher levels of affective-interpersonal psychopathic 579 

traits. Such findings hold promise for using this measure in future studies to precisely 580 

quantify levels of prosocial motivation in individuals with clinical levels of apathy and 581 

psychopathy 582 

 583 

Using computational modelling on an effort-based decision-making task, we show 584 

that people show a self-bias in motivation. They are less willing to choose to put in 585 

effort and, subsequently energise prosocial acts, less than similarly effortful self-586 

benefitting acts. We also show that people can be superficially prosocial, they are 587 

willing to put in effort to help others, but energise the same actions to a lesser 588 

degree than they would do if they were the beneficiary. These effects replicated 589 

across two studies, were present both when the other person was fully anonymous 590 

or if they had met face to face, and also occurred regardless of whether the aim was 591 

to win more money, or avoid losses. Such effects were correlated with individual 592 

differences in apathy and psychopathy, highlighting the potential for this framework 593 

to enlighten our understanding of prosocial behaviour and its links to disorders of 594 

social cognition. 595 

 596 
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Methods 597 
 598 

Study 1 599 

Participants 600 

Fifty-three participants (mean age 24.4, SD 4.0, 31 female) aged 19-35 took part. 601 

Participants were recruited through university databases. The sample size was 602 

based on the study by Crockett et al4, with additional participants to account for 603 

potential exclusions after testing (see below). All participants provided written 604 

informed consent and the study was approved by the Oxford University Medical 605 

Sciences Inter Divisional Research Ethics Committee. Exclusion criteria included 606 

previous or current neurological or psychiatric disorder (as reported by the 607 

participants) and non-normal or non-corrected to normal vision. Five participants 608 

were excluded from the study because they reported a disbelief in the deception. 609 

Participants were instructed the money they would receive at the end of the 610 

experiment, as well as the earnings of the confederate participant, would depend on 611 

their task performance and would vary between £10-15. 612 

 613 

Design 614 

Participants completed 5 blocks of 30 trials (150 total) comprised of 75 decisions for 615 

themselves and 75 decisions for the other person. Breaks were included to avoid 616 

participant fatigue. Each trial involved a choice between a baseline option that 617 

consisted of gaining 1 credit for no effort or an alternative experimental ‘offer’ that 618 

varied in the level of effort (30%, 40%, 50%, 60%, 70% maximum voluntary 619 

contraction (MVC)) and level of reward (2, 4, 6, 8 or 10 credits; Fig.1).  620 

 621 

Apparatus 622 

Stimulus presentation was programmed on a PC using MATLAB (The Math-Works 623 

Inc., USA) and Psychtoolbox. Force was recorded using a hand-held TSD121B-MRI 624 

(BIOPAC Systems Inc., USA). The PC screen provided subjects with real-time visual 625 

feedback on the force being exerted.  626 

 627 

Procedure 628 
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 629 

Role assignment procedure 630 

To ensure that participants believed that their choices were truly resulting in 631 

outcomes for another person they were told that there was a second participant 632 

taking part in the experiment, but did not see the other participant (who was in fact a 633 

confederate) following the procedure described by Crockett et al4,5. Participants were 634 

told that selecting a ball from a box would randomly assign them to the different 635 

roles. Participants were handed a black glove and told not to speak so that the 636 

identity of either participant could not be uncovered. A second experimenter arrived 637 

in the room, bringing the confederate participant with them who was handed a 638 

second glove but remained behind the other side of the door at all times, without 639 

ever being seen by the participant.  Participants were asked to place their hands in 640 

front of the door and wave to one another to ensure it was clear that there was 641 

another person there. The experimenter then tossed a coin to decide who would pick 642 

from the box first. Each participant selected a ball and was told which role in the 643 

experiment they were assigned to.  644 

 645 

Task procedure 646 

Participants were asked to grip a handheld dynometer with as much force as 647 

possible to determine their MVC. This ensured that although individuals differ in their 648 

strength, the effort levels used in the experiment would be relative to that. This 649 

measurement was then used as a subject specific threshold for the levels of effort 650 

required to obtain rewards in the main task. In the experimental task, participants 651 

made decisions between a baseline low effort (0% of MVC) option that gained 1 652 

credit and a variable offer in which more credits (2, 4, 6, 8 or 10 credits) were 653 

available but also required more force (30%, 40%, 50%, 60%, 70% of the MVC – 654 

represented by segments in a pie chart). The effort and reward levels were varied 655 

independently over trials, with each effort-reward combination sampled three times 656 

for each agent. There were 150 trials in total, with 75 Self trials where participants 657 

chose between the offer and the baseline for themselves and 75 Other trials when 658 

they made these decisions for the other person. To obtain the rewards on each trial 659 

participants had to apply a force that exceeded the required level for a total of 1s out 660 
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of a 3s window. Failure to do resulted in 0 credits being delivered. 1 credit was used 661 

 for the baseline condition to ensure that there was a clear incentive to choose the 662 

 baseline if the value was not considered worth it, rather than choosing the offer and 663 

 then not exerting any effort at all.  If a choice was not selected 0 credits were 664 

delivered. All trials, regardless of the choice made (or if no response was made), 665 

lasted for the same duration. This ensured that choices were not influenced by 666 

discounting effects of temporal delay rather than effort (e.g.78). Indeed, failure rates 667 

were very low in the main experiment (<3% study 1; <3.5% Study 2-win; <3.2% 668 

Study 2-lose), indicating that subjects were almost always able to achieve a required 669 

amount of force. The fact that failure rates were so low also helps to rule our 670 

potential effects of risk aversion (e.g.79) that may interact with effort discounting, as 671 

participants had a very high probability of receiving the rewards from the options they 672 

chose. 673 

 674 

Prior to the decision-making task, participants experienced each effort level three 675 

 times across 18 trials. They also learnt to associate each level of effort with the 676 

elements in  the pie chart. They were instructed that if only one element of the pie 677 

chart was shown then 0% force was required and that this was the baseline offer, 678 

equivalent to a “rest”. However, they still had to grip the dynometer in their hand. 679 

During the training session, only 1 credit was on offer and participant’s  were 680 

instructed this credit would not count towards their payment, and they did not choose 681 

whether to opt out of exerting the effort.  682 

 683 

Study 2 684 

Participants 685 

Fifty-eight participants (mean age 25.7, SD 6.1, 31 female) took part in two sessions. 686 

The sample size was based on study 1. Participants were recruited through 687 

university databases. All participants provided written informed consent and the 688 

study was approved by Oxford University Medical Sciences Inter Divisional 689 

Research Ethics Committee. Thirteen participants were excluded from the study 690 

because they showed a strong disbelief in the deception. Exclusion criteria included 691 

previous or current neurological or psychiatric disorder (as reported by the 692 
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participants) and non-normal or non-corrected to normal vision. Participants were 693 

instructed the money they would receive at the end of the experiment, as well as the 694 

earnings of the confederate participant, would depend on their task performance and 695 

would vary between £15-25. 696 

 697 

Design 698 

There were two additions to the design of Study 1. Firstly, participants performed a 699 

session where the aim was to win points as in study 1, but they also included a 700 

second session, where the aim was to avoid losing points. Secondly, to avoid 701 

participant fatigue, they performed these sessions on separate days (at least 1 day 702 

apart), in a counterbalanced order across participants. In the loss session, 703 

participants made decisions between a baseline option of -9 credits (equivalent to 704 

winning 1 point) for 0% MVC or a variable offer where the offers would be losing 0, -705 

2, -4, -6, -8 credits for themselves or the other participant. If participants chose to 706 

accept the experimental option but did not obtain the reward they lost 10 credits. The 707 

incentive structure was therefore identical, but the framing was distinct. 708 

 709 

Procedure 710 

Role assignment procedure 711 

In the second study, we used a role assignment procedure where participants met 712 

another person face to face. This allowed us to examine whether increasing the 713 

familiarity and removing the anonymous nature of the other players made people 714 

less prosocially apathetic. At the beginning of the experiment participants were 715 

introduced to another participant who was in fact a confederate of the experiment. 716 

The two participants were instructed that they would be asked to perform different 717 

tasks and that only one of them would be in charge of determining the extra amount 718 

of money that both would earn (Fig.1C).  719 

 720 

Study 1 and 2 721 

 722 
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Statistical analysis of behavioural data 723 

Analyses of behavioural data were performed in SPSS 22 (Armonk, New York: IBM 724 

Corp). We examined differences between conditions in choice behaviour for effort 725 

and reward and self/other using separate repeated measures analyses of variance 726 

(ANOVAs). For the comparison between self and other discounting (k) rates from the 727 

model comparison we used Wilcoxon-Signed Rank Tests as the data were not 728 

normally distributed. For participants who never chose the variable offer, their 729 

discount (k) values were set to 0, as they did not discount rewards by effort (4 730 

participants in Study 2). We also examined bivariate associations between the 731 

Kother, Kself and Kother-Kself using Spearman’s non-parametric correlation 732 

coefficient, also due to non-normality of the data. For the correlations between 733 

psychometric scores and computational parameters we only performed planned 734 

comparisons that were a priori and hypothesized driven. On the basis of previous 735 

findings we hypothesized that discount rates only for others would be associated 736 

with social apathy35, and discount rates only for self would be associated with 737 

behavioural apathy17,33. For correlations with psychopathic traits, we assessed the 738 

correlation with the total score and report the correlations with the two subscales as 739 

exploratory follow-up analyses. All comparisons were corrected for the false-discover 740 

rate (FDR) using the Benjamini and Hochberg FDR procedure80. To test whether 741 

there were differences between the force exerted for other and self we calculated the 742 

area under the curve (AUC) of the voluntary contraction trace recorded from a hand-743 

held TSD121B-MRI (BIOPAC Systems Inc., USA) using the function ‘trapz’ in Matlab 744 

2011b (Mathworks). This standard function computes the integral of Y with respect to 745 

X using the trapezoidal method. We standardized this value by the maximum level of 746 

force exerted to take into account baseline differences in participant’s MVC. We then 747 

used linear regression analyses to predict the amount of force exerted by reward 748 

level, effort level, agent and interactions between these variables. For all analyses, 749 

the alpha level was set to p<.05 two-tailed. 750 

 751 
Data availability  752 

 753 
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The data that support the findings of this study are available from the corresponding 754 

author upon reasonable request. 755 

 756 

Code availability 757 

 758 

The computer code that support the findings of this study are available from the 759 

corresponding author upon reasonable request. 760 

  761 
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