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Abstract 11 

Generous behavior is known to increase happiness, which could be a motive for unselfish behavior. 12 

In this research, we use functional magnetic resonance imaging and a public pledge for future gener-13 

osity to investigate the brain mechanisms linking generous behavior with increases in happiness. The 14 

experimental participants committed to spending money on others, in the future, while the control 15 

participants committed to spending money on themselves. Compared to controls, experimental par-16 

ticipants make more generous choices in an independent decision-making task and show stronger 17 

increases in self-reported happiness. Generous decisions engage the temporo-parietal junction (TPJ) 18 

in the experimental more than in the control group and differentially modulate the connectivity be-19 

tween TPJ and ventral striatum. Importantly, striatal activity during generous decisions is directly 20 

related to changes in happiness. These results demonstrate that top-down control of striatal activity 21 

plays a fundamental role in linking commitment-induced generosity with happiness. 22 

 23 

  24 
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Introduction 25 

Human societies benefit from their members’ generous behavior, such as donating to charity 26 

or volunteering one’s time. Generous behavior is costly as it involves the investment of one’s 27 

own resources for the benefit of others. Nevertheless, generous behavior is common and 28 

occurs even in situations in which reputation or the reinforcing experience of relieving a re-29 

cipient’s distress are irrelevant. For these reasons, standard economic theory fails to explain 30 

generous behavior. Research in the field of psychology suggests that a possible motive for 31 

generous behavior is the increased happiness associated with it 
1–4

. For example, Dunn and 32 

colleagues 
4
 found that spending money on others predicted an increase in happiness. This 33 

finding was supported by experimental studies across cultures and ages showing that partic-34 

ipants who spent money (or sweets) on others reported higher levels of happiness com-35 

pared to those who spent money (or sweets) on themselves 
1–4

. This is in line with the idea 36 

that generous behavior is driven by the positive emotion (also termed warm glow) arising 37 

from it 
5
. Despite the obvious importance of this motivation for generous behavior, we do 38 

not have a mechanistic understanding of the brain processes linking generosity and happi-39 

ness.  40 

In studies using neuroimaging methods, generous behavior and happiness have mostly been 41 

investigated separately. Other-regarding behavior has been associated with activity in the 42 

temporo-parietal junction (TPJ). Specifically, altruistic choice, generous choice, and overcom-43 

ing egocentricity bias have been correlated with functional activity and structural properties 44 

of the TPJ 
6–9

. Conversely, other studies have suggested that happiness, due to its connection 45 

to reward and pleasure, recruits reward-related brain areas such as the ventral striatum and 46 

the orbitofrontal cortex (OFC). For example, in one study in healthy participants, striatal ac-47 

tivation correlated with self-reported happiness that had been induced by reward cues 
10

. 48 

Recently, Rutledge and colleagues proposed a neural model according to which happiness is 49 

directly associated with striatal activation 
11,12

. However, the exact neural mechanisms 50 

through which generosity drives happiness remain unknown.  51 

In the present study, we used functional magnetic resonance imaging (fMRI) to investigate 52 

how generosity is linked to happiness on the neural level. To induce generous behavior, we 53 

used the powerful method of a public pledge 
13–15

. First, we informed all participants that 54 

they would receive weekly monetary endowments. Participants in the experimental group 55 
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were asked to commit to spending their endowment on others during the next four weeks, 56 

while participants in the control group were asked to commit to spending their endowment 57 

on themselves. Then, all participants performed an independent decision-making task, in 58 

which they could behave more or less generously while brain activity was measured using 59 

fMRI. At the beginning of the experiment and again after scanning, participants reported 60 

their subjective level of happiness 
16

. We hypothesized that participants who had committed 61 

to spending their endowment on others would behave more generously in the decision-62 

making task as well as self-report greater increases in happiness as compared to the control 63 

group. Importantly, we predicted that the neural link between generosity and happiness 64 

would involve functional interactions between brain regions engaged in generous behavior 65 

(TPJ) and those mediating happiness (ventral striatum). The results confirmed our hypothe-66 

ses. We found significantly higher levels of generous behavior and happiness, as reflected by 67 

greater TPJ activity for generous choices and generosity-related connectivity of the TPJ with 68 

striatal happiness regions in the experimental group. We thus conclude that the interplay of 69 

these brain regions links commitment-induced generosity with happiness. 70 

 71 

Results 72 

Participants and experimental procedure 73 

The participants (N=50) were randomly assigned to either the experimental or the control 74 

group. In the first part of the experiment (FIG. 1A), we informed the participants that we 75 

would send each of them 25 Swiss francs in each of the following four weeks. We asked the 76 

participants in the experimental group to commit to spending the money on other people of 77 

their own choice (FIG. 1A). Examples included taking others out to dinner or buying gifts for 78 

others. We asked the participants in the control group to commit to spending the money on 79 

themselves. Examples included taking oneself out to dinner or buying oneself a gift.  80 

After the participants had made a commitment, the second part of the experiment took 81 

place, in which the participants completed an independent decision-making task while we 82 

measured blood-oxygen-level-dependent (BOLD) responses using fMRI. In the decision-83 

making task, the participants first selected a person to whom they wanted to give a present 84 

(in the experimental group, the selected person was different from those the participant 85 
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would spend money on in the following weeks). In each trial, the participants were present-86 

ed with an option that they could accept or reject. Each option was a combination of mone-87 

tary benefits for the other person and monetary costs to the participant (FIG. 1B). The mag-88 

nitude of the benefits and the costs varied independently and pseudo randomly from 3 to 25 89 

Swiss francs. All choice options included some costs, so that acceptance required at least 90 

some personal sacrifice on the part of the participant. Hence, we defined generous behavior 91 

in this task as the individual proportion of trials in which each participant accepted costs in 92 

order to benefit someone else. In addition, we assessed individual happiness (subjective 93 

happiness scale, SHS; 
16

 ) as soon as the participant arrived at the laboratory (Time Point 1) 94 

and again after the participant had completed the decision-making task in the scanner (Time 95 

Point 2). This allowed us to determine the change in each participant’s self-reported level of 96 

happiness as a function of time (Time Point 2 vs. Time Point 1) and group assignment 97 

(experimental vs. control group). Furthermore, to rule out the possibility that familiarity with 98 

or affinity for the recipient named in the decision-making task had an impact on our meas-99 

urement of generous behavior, we asked the participants to rate how familiar they were 100 

with the recipient named in the decision-making task and how much they liked him or her. 101 

Two participants were excluded from further analyses because they had accepted all choice 102 

options (and rejected none) in the decision-making task, making a subsequent analysis of 103 

accept versus reject trials impossible. The remaining sample size was 48 (with 24 in each 104 

group). 105 

 106 

Behavioral effects of benefits and costs 107 

As a manipulation check, we first tested whether generosity increased as a function of the 108 

amount of monetary benefits for the other person and decreased as a function of the costs 109 

to the participant. As expected, across both groups, participants were more likely to behave 110 

generously as the amount of benefits for the other person increased and as the costs to the 111 

participant decreased (FIG. 2A; average regression coefficient for other’s benefit; one-112 

sample t-test, n=48, b=0.25, t(43)=17.2, p<0.001; own cost b=-0.22, t(43)=17.7, p<0.001). 113 

This effect was observable in each group separately and the coefficient for costs did not dif-114 

fer from the coefficient for benefits (experimental group;one-sample t-test, n=24, 115 

t(23)=1.72; p=0.1; control group; one-sample t-test, n=24, t(23)=0.42; p=0.68). The similarity 116 
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of weight given to one’s own costs and to the other’s benefits could be due to the fact that 117 

the two were related and that the others were close to the participants, which may have 118 

reduced the amount of loss aversion experienced by the participants during the task. 119 

Our group comparison of the model parameters (weights) showed a significant main effect 120 

(ANOVA, n=48, F(3,138)=198.58, p<0.05) and a significant interaction (model parameters × 121 

group: F(3,138)=2.9, p<0.05). Post hoc t-tests revealed that neither the coefficient of cost (t-122 

test, n=48, t(46)=0.72, p=0.477) nor of benefit (t(46)=-0.18, p=0.86) significantly differed, 123 

whereas the interaction coefficient (t-test, n=48, t(46)=-2.08, p<0.05) and the constant (t-124 

test, n=48, t(46)=2.04, p<0.05) showed significant differences between the groups (Supple-125 

mentary Table 1 for group mean±s.e.m.). The interaction coefficient was more negative in 126 

the experimental group than in the control group, indicating that experimental group partic-127 

ipants were more likely than control group participants to accept offers in which costs and 128 

benefits were dissimilar, such as when recipients received a small benefit at a high cost. 129 

 130 

Control for familiarity and affinity 131 

The two groups did not significantly differ with respect to their ratings of familiarity with and 132 

liking of the recipients (Kolmogorov-Smirnov test, n=48, familiarity: p=0.99; liking: p=0.65). 133 

Also, the familiarity and liking ratings did not significantly predict the individual differences 134 

in generosity (Kolmogorov-Smirnov test, n=24 for each group; experimental group: familiari-135 

ty r=0.04, p=0.85; liking: r=0.16, p=0.46; control group: familiarity r=-0.12, p=0.58; liking: r=-136 

0.02, p=0.93; all participants: familiarity r=-0.1, p=0.51; liking: r=-0.01, p=0.93). Therefore, 137 

we can rule out the possibility that the changes in generous behavior described below were 138 

driven by group differences with respect to the familiarity with or liking of the recipient.  139 

 140 

Commitment to be generous increases generosity and happiness 141 

Next, we assessed commitment-induced group differences in generosity and happiness. On 142 

average, the experimental group was more likely to make generous choices than the control 143 

group, as indicated by a significantly higher acceptance rate (i.e. individual differences in 144 

generous behavior; FIG. 2B; t-test, n=48, t(46)=2.02, p<0.05). Furthermore, participants in 145 

the experimental group reported a greater increase in happiness than did those in the con-146 
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trol group (FIG. 2C; t-test, n=48, t(46)=1.87, p<0.05). However, generous behavior and 147 

changes in happiness were not significantly correlated (Pearson correlation over all partici-148 

pants, n=48, r=0.2, p=0.16; experimental group: n=24, r=0.13, p=0.55; control group: n=24, 149 

r=0.16, p=0.46). Although it is difficult to compare results due to the differing study designs, 150 

this result is in line with that of a previous experimental study, namely, that participants re-151 

ported being happier after behaving generously independent of the degree of generous be-152 

havior displayed 
4
. Thus, our behavioral results converge with those of the previous study in 153 

two aspects: 1) the increase in generous behavior was concomitant to an increase in happi-154 

ness and 2) the magnitude of the increase in happiness was independent of the increase in 155 

generosity 
4
. 156 

We performed numerous tests to rule out alternative explanations for the increases in gen-157 

erosity and happiness. First, we considered the peak-end effect 
17

, according to which out-158 

comes towards the end of the experiment more strongly influence subjective experience 159 

than earlier outcomes. We thus tested whether one of the groups received significantly bet-160 

ter offers in the final trials and whether the final offers were related to increases in happi-161 

ness. We did not find any significant group differences with respect to the options offered in 162 

the final trial (t-test, n=48, t=1.2, p=0.24), the mean over the final five trials (t-test, n=48, 163 

t=0.82, p=0.42), the mean over the final ten trials (t-test, n=48, t=0.33, p=0.74), or the mean 164 

over the final twenty trials (t-test, n=48, t=0.59, p=0.56). Furthermore, none of these values 165 

predicted the increase in happiness (Pearson correlation; n=48, final trial: r=0.08, p=0.57; 166 

mean over the final five trials: Pearson correlation; n=48, r=0.11, p=0.46; mean over the final 167 

ten trials: Pearson correlation; n=48, r=-0.01, p=0.96; mean over the final twenty trials: Pear-168 

son correlation; n=48, r=-0.03, p=0.82). Thus, it is unlikely that the peak-end effect played a 169 

major role in explaining the observed group differences in happiness. 170 

We also assessed whether other variables could explain the behavioral effects and found 171 

that the two groups did not differ in trait empathy
18

 (t-test, n=48, all p’s>0.3, see Supple-172 

mentary Table 2 for details) or in prosociality
19

 (t-test, n=48, t(46)=0.49, p=0.63). Moreover, 173 

we could not find a link between these variables and generous behavior (Pearson correla-174 

tion; n=48, all p’s>0.2; see Supplementary Table 3 for details). We also found no relationship 175 

between increase in happiness and inequality aversion as captured by Fehr and Schmidt’s
19

 176 

model (tested by two-sample t-test; n=48; no group differences in distaste for disadvanta-177 
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geous inequity (t=0.04, p=0.97) or in distaste for advantageous inequity (t=0.88, p=0.38)). 178 

Furthermore, we also found no link between inequality aversion and increase in happiness 179 

(tested by Pearson correlation; n=48, across groups: advantageous r=-0.06, p=0.67 disadvan-180 

tageous r=-0.14, p=0.33; experimental group: advantageous r=-0.3, p=0.15 disadvantageous 181 

r=-0.09, p=0.67; control group: advantageous r=-0.16, p=0.47 disadvantageous r=-0.14, 182 

p=0.51). Thus, groups were well matched in terms of trait empathy, prosociality and inequal-183 

ity aversion, and these factors did not account for the effects of commitment on happiness 184 

and generosity. 185 

 186 

Commitment to be generous increases TPJ responses 187 

In a first step, we aimed to identify the general effects of the experimental manipulation 188 

(i.e., commitment to generosity versus control commitment) on decision-related activity. We 189 

modeled BOLD activity at the time of decision, separately for decisions to accept and to re-190 

ject. We expected that a commitment to be generous would increase the recruitment of 191 

brain regions engaged in generous behavior during such choices (i.e., accept vs. reject deci-192 

sions). Indeed, a two-sample t-test revealed greater left TPJ activity in the experimental 193 

group than in the control group during generous choices (FIG. 3A, [-51, -70, 34], n=48, 194 

t(46)=4.70, p<0.05, whole brain family-wise-error (FWE) corrected). The left TPJ was the only 195 

region showing significantly greater activity in the experimental group than in the control 196 

group at this threshold (see Supplementary Figure 1 for a bar graph depicting the left TPJ 197 

activation separately for accept and reject trials for each group; Supplementary Table 4 for 198 

whole-brain results; Supplementary Table 5 for correlation with behavioral generosity across 199 

groups), and there was no brain region showing greater activation in the control than in the 200 

experimental group. Although it is only the left TPJ that survives the threshold, our data do 201 

not support strong arguments for lateralization as a direct statistical comparison of left ver-202 

sus right hemisphere, with 3-mm or 5-mm spheres around the left peak coordinates, did not 203 

reveal a significant difference between left and right hemispheres (3-mm: t(47)=0.69, 204 

p=0.49; 5-mm: t(47)=0.98, p=0.33; paired t-tests; please note that testing at peak coordi-205 

nates maximizes the chance for finding a difference; in line with this finding, an exploratory 206 

analysis at a more lenient threshold also revealed activity in right TPJ: Supplementary Figure 207 

2). 208 
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 209 

TPJ connectivities reflect commitment-dependent generosity  210 

In a next step, we examined the effects of commitment-induced increases in generosity-211 

related TPJ activity on downstream brain regions. To this end, we performed a psychophys-212 

iological interaction (PPI) analysis (see Methods) using the TPJ as a seed region 
20,21

. We hy-213 

pothesized that activity in the ventral striatum and the OFC would be modulated by TPJ ac-214 

tivity (accept vs. reject) as a function of individual differences in generous behavior and the 215 

type of commitment (self vs. other). To test this hypothesis, we computed the group x ac-216 

ceptance rate interaction for TPJ connectivity during accept vs. reject decisions. In line with 217 

our prediction, we found significant group differences in how connectivity between the TPJ 218 

and the ventral striatum was modulated by generous behavior (FIG. 4A right: [12, -1, -2], t-219 

test, n=48, t(44)=5.81; left: [-15, 11, -5], t(44)=5.07, p<0.05, small-volume family-wise error 220 

(SV – FWE) corrected; Supplementary Table 6 for whole-brain results; Supplementary Table 221 

7 for analysis across groups). The TPJ-striatal connectivity was not modulated by the gener-222 

osity commitment per se (t(47)=.311, p=0.76). Importantly however, the experimental and 223 

the control group showed different patterns of correlation between TPJ-striatal connectivity 224 

and generous behavior (FIG. 4B). Specifically, greater TPJ-ventral striatum connectivity dur-225 

ing accept versus reject trials was only associated with a greater acceptance rate in the ex-226 

perimental group, whereas this association was reversed in the control group. Thus, stronger 227 

TPJ-ventral striatum connectivity modulation facilitated generosity in the experimental 228 

group.  229 

Given that the TPJ has been shown to modulate value signals in OFC during prosocial deci-230 

sions 
8
, we hypothesized that commitment-induced generosity would affect interactions 231 

between the TPJ and value-coding OFC regions during generous decisions in our task. In line 232 

with this hypothesis, the PPI analysis showed that TPJ-OFC connectivity depended on both 233 

generosity and group (Fig. 5A & 5B; [18, 38, -17], t-test, n=48, t(44)=5.60, p<0.05, SV - FWE 234 

corrected; see Supplementary Table 6 for whole-brain results). Furthermore, we tested 235 

whether this OFC region also coded the subjective value of the decision option by integrating 236 

other’s benefit and own cost and found that it did (Fig. 5, and see section below entitled ‘TPJ 237 

modulates OFC region coding value of the choice option’). 238 

 239 
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Ventral striatum activations predict changes in happiness 240 

The above analysis shows that the functional interaction between the TPJ and the ventral 241 

striatum is positively associated with generosity in the experimental group. We further pre-242 

dicted that the ventral striatum would play a key role in linking generous behavior to happi-243 

ness. We reasoned that activity in the striatum might link commitment-induced generosity 244 

and happiness by showing both 1) generosity-related and 2) happiness-related modulation, 245 

even though these two concepts have no significant shared variance. We therefore tested 246 

whether activity in the ventral striatum correlated with group-dependent changes in happi-247 

ness. In other words, we tested the group x change-in-happiness interaction during accept 248 

vs. reject decisions. We found that activity in the ventral striatum was significantly related to 249 

changes in happiness in a group-dependent manner (FIG. 4C, [-21, 2, -5] t-test, n=48, 250 

t(44)=4.34, p<0.05, SV - FWE corrected; Supplementary Table 8 for whole-brain results). Spe-251 

cifically, higher striatal activity during accept vs. reject decisions was associated with greater 252 

increases in happiness in the control group (FIG. 4D). Conversely, in the experimental group, 253 

the participants with lower striatal activity reported greater increases in happiness. As a final 254 

step, we performed a conjunction analysis that confirmed the convergence of 1) group-255 

specific generosity-predicting TPJ-ventral striatum connectivity and 2) group-specific coding 256 

of individual increases in happiness in the very same striatal region (FIG. 4E). Moreover, the 257 

TPJ-striatal connectivity is not modulated by the generosity commitment per se (t(47)=0.311, 258 

p<0.76).  259 

 260 

TPJ modulates OFC region coding value of the choice option 261 

The preceding analysis reavealed no association between OFC activity and happiness (t-test, 262 

n=48, t(47)=-.825, p=0.414), suggesting that the OFC is not involved in linking generosity and 263 

happiness. However, it is conceivable that the OFC links generosity and subjective value. 264 

Next, we therefore investigated the role of the OFC region that communicated with the TPJ 265 

in a group-specific manner. Since several studies have found that the OFC plays a role in cod-266 

ing the subjective value of choice options and social rewards, we conducted a parametric 267 

modulation analysis to test whether OFC activity codes the net subjective value of the pre-268 

sented choice option in each trial. We found that this was indeed the case: Over all partici-269 

pants, the OFC reflected the subjective value of the trial option (FIG. 5C; [0, 62, -11]; t-test, 270 
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n=48, t(45)=4.63, p<0.05, SVC FWE-corrected; Supplementary Table 9 for whole-brain re-271 

sults). Moreover, a conjunction analysis confirmed that the very same OFC region was also 272 

modulated by the TPJ in the connectivity analysis (Fig. 5D). In other words, the OFC region 273 

that coded the net subjective value of the option was functionally coupled with the TPJ in a 274 

manner that depended on commitment type and predicted generosity. Taken together, the-275 

se results suggest that the generosity commitment modulated activity in the TPJ, which 276 

changed its connectivity with OFC coding the subjective value of the choices. 277 

 278 

Discussion 279 

Throughout human history, economics, psychology, biology and philosophy have attempted 280 

to elucidate possible motives of generous behavior. Proposed motives, such as helping kin, 281 

reciprocation, or reputation, have limited explanatory power for the pervasive propensity of 282 

humans to be generous in different settings. One further explanation for generous behavior 283 

is its link to happiness. The warm glow experienced when acting for the benefit of others has 284 

been proposed as a mechanism that reinforces generous behavior in humans 
5
. Our data 285 

suggest that a commitment to generous behavior can increase happiness and thereby pro-286 

vide a neural mechanism that links commitment-induced generosity to happiness. Alterna-287 

tive explanations would be trait empathy, individual differences in prosociality and familiari-288 

ty and liking of the recipient. In our data, we could not find a link between these variables 289 

and generous behavior. Furthermore, we were also able to rule out the peak-end effect. We 290 

also tested for a link between inequality aversion and increase in happiness in our data and 291 

found no relationship to inequality aversion as captured by the Fehr-Schmidt model 
22

. How-292 

ever, our study was not specifically designed to identify such a link and a recent study by 293 

Rutledge et al. 
23

 did reveal a link between inequality aversion and subjective happiness.  294 

We find that a public pledge to be generous efficiently boosted generous behavior and hap-295 

piness in experimental relative to control participants, who had committed to spend money 296 

on themselves. The behavioral and neural changes induced by this method are striking, con-297 

sidering that participants had neither received nor spent any money at the time of the ex-298 

periment. In human society, public pledges are widely used to motivate future behavior 
14,15

, 299 

Supplementary References. Also, in laboratory experimental settings, it has been shown that 300 

precommitment influences behavioral and neural self-control mechanisms 
13

. On the psy-301 
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chological level, precommitment could induce a preference for avoiding inconsistency, lead-302 

ing people to act in line with their past or committed behavior 
24,25

. Yet, it is important to 303 

keep in mind that the opposite effect, the so-called moral licensing effect, has been ob-304 

served as well. With moral licensing, past good behavior increases subsequent immoral be-305 

havior 
26,27

. The critical factors leading to one or the other effect are still under debate 
26

. 306 

One factor potentially enhancing the efficiency of commitment is framing: When initial goal 307 

pursuit is framed as commitment, people show commitment-consistent behavior; framing it 308 

as progress towards the goal appears to facilitate licensing behavior (
28 

Study 3). At the time 309 

of the experiment, our participants had not yet behaved according to their commitment 310 

(note that the beneficiary named in the scanning session and those the participant would 311 

spend money on in the subsequent behavioral implementation differed), which may have 312 

counteracted moral licensing. Our results demonstrate that a public pledge can be used as 313 

commitment strategy motivating commitment-consistent generous behavior, which not only 314 

has an impact on generous decision making, but also on happiness. 315 

Several studies have demonstrated changes in happiness induced by generous behavior in 316 

both field and experimental settings 
1–4

. Our study shows that even in a strictly controlled 317 

laboratory setting involving decision making in the MRI scanner, commitment induces gen-318 

erosity along with increases in happiness. The commitment fundamentally changed not only 319 

TPJ responses, but also TPJ connectivity with striatum and OFC. Our results were specific to 320 

the experimental group, and collapsing across groups did not reveal any significant results. 321 

Interestingly, changes in happiness were driven by the commitment to be generous as such, 322 

independent of the absolute monetary amount spent on others. That is, the individual de-323 

gree of generosity did not predict the individual changes in happiness in our study. This con-324 

firms previous findings. For example, Dunn and colleagues 
4
 also reported that the amount 325 

of money spent on others was not directly related to changes in happiness. 326 

The experimental group showed greater left TPJ activation than the control group when par-327 

ticipants made generous decisions. Previous research has linked activity in the TPJ to social 328 

cognition 
7,29

. For instance, theory-of-mind (ToM) and empathy paradigms activate the TPJ 329 

30,31
. Another brain region that has often been found to be activated in this context is the 330 

dorsomedial prefrontal cortex (DMPFC, 
32–35

). Recent studies have suggested slightly differ-331 

ent roles for the two regions. For example, DMPFC may be preferentially involved in the in-332 
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tegration of different emotions whereas the TPJ may be particularly involved in evaluating 333 

others’ emotions 
36

, which could explain its role in prosocial behavior. Indeed, across differ-334 

ent paradigms, the TPJ showed increased activity especially when participants chose to forgo 335 

their own rewards in favor of rewards for others, which was not the case for DMPFC 
6,8,37

. 336 

We found that commitment primarily affected generosity-related TPJ activity in the left 337 

hemisphere. The literature about TPJ effects in social tasks is mixed with regard to lateraliza-338 

tion. For example, direct current stimulation during social tasks shows bilateral effects 
38

. 339 

While the functional neuroimaging literature often focuses on the right TPJ, meta-analyses 340 

of fMRI data in social tasks also report left-dominant effects 
39

. The fact that, in our task, 341 

activity did not differ significantly between hemispheres is in line with the ensuing view that 342 

both left and right TPJ contribute to social functions. 343 

Previous studies have reported an association between generous behavior and activity in 344 

reward-related regions 
8,40–42

. For example, the OFC has been shown to be involved in com-345 

puting the value of the option to donate to a charity 
42

 and in coding the value of generosity 346 

decisions 
8
. In both of these studies, the OFC changed its connectivity with the TPJ. Our re-347 

sults concur in that we find trial-by-trial decision values to be reflected in OFC activity and 348 

this activity to be modulated by TPJ connectivity.  349 

In contrast, our findings suggest that TPJ activity as such is predominantly associated with 350 

generous behavior 
6–8,42

. Indeed, recent evidence suggests that the TPJ plays a crucial role in 351 

overcoming one’s own selfish motives when generosity is costly for oneself 
43

. Our data is in 352 

line with this interpretation. Since generous behavior in our paradigm included costs to the 353 

participant, generous behavior always required overcoming selfish motives. Extending previ-354 

ous studies, our data show that TPJ activity can be enhanced by a public pledge to behave 355 

prosocially. Thus, compared to participants in the control group, participants in the experi-356 

mental group were more effective in recruiting the TPJ and overcame their selfish response 357 

tendency to a larger extent, which resulted in more generous behavior. 358 

In line with numerous reports across species 
44

, our results show that the OFC represents the 359 

subjective value of choice options. Previous studies also found the OFC to be engaged during 360 

charitable donations 
42

, social rewards 
45,46

 and equitable interpersonal decisions 
47

. Thus, 361 

the OFC does not exclusively represent one’s own reward values but incorporates other-362 

regarding preferences in its value computation. Recent research suggested that this modula-363 
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tion takes place via a modulation from the TPJ 
8
. Our data confirm this modulation of OFC 364 

activity by the TPJ. More specifically, we were able to show that greater TPJ-OFC connectivi-365 

ty predicts enhanced generous behavior in the experimental group, suggesting that the TPJ 366 

regulates activity in the OFC and thereby increases the value of generous behavior.  367 

Our results demonstrate that the TPJ modulates activity in the ventral striatum and that this 368 

predicts generous behavior in a group-dependent manner. As discussed above, the TPJ has 369 

previously been shown to modulate value-related activity in the OFC during generous choice 370 

8
. Our findings suggest that the TPJ also functionally interacts with the ventral striatum and 371 

that this interaction is directly linked to commitment-induced generous behavior. Important-372 

ly, our data further show that striatal activity during generous choices is predictive of in-373 

creases in happiness. An interesting question arises whether the increase in happiness is 374 

driven by the generosity commitment per se or by generous behavior during the experi-375 

ment. Although, in line with previous studies 
1,3,4

, we do not observe a behavioral link be-376 

tween the increase in happiness and generous behavior, our neural data provide such a link 377 

in that the striatal region that codes the increase in happiness is also modulated by TPJ con-378 

nectivity in a generous-behavior-dependent manner.  379 

In the control group, greater striatal activity during accept vs. reject choices was associated 380 

with greater happiness. This is in line with previous evidence showing that momentary hap-381 

piness is reflected in striatal activity 
11,12

, which encouraged our a priori hypothesis that the 382 

ventral striatum would be the primary region for the link between generosity and happiness. 383 

In line with these observations, previous studies have shown that ventral striatum activity 384 

can reflect both rewards for the self and for others 
40,41,48

. 385 

In contrast, the opposite pattern was observed in the experimental group. Here, surprisingly, 386 

a lower level of striatal activity during accept vs. reject choices was linked to greater happi-387 

ness. One possible interpretation for this finding is that people who have committed to be 388 

generous at a later time are more willing to sacrifice short-term hedonic gain for themselves 389 

(as assessed trial-by-trial) for longer-term happiness (as assessed at the very end of experi-390 

ment). This could explain why participants in the experimental group showed lower trial-by-391 

trial ventral striatum activation during accept vs. reject decisions, but reported greater hap-392 

piness at the end of the experiment. Alternatively, it is possible that the discrepancy be-393 
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tween our results and previous findings (e.g., 
40,41

 arises because each of the choices in the 394 

present study involved a balance of rewards for self vs. others, which implicitly pits self-395 

interest against other-regarding motives. In contrast, in the other studies, choices to give to 396 

oneself vs. others were separated. Thus, it may be possible to harness ventral striatum activ-397 

ity for other-regarding ends, particularly when benefits for self and others are independent 398 

of each other and considered separately. Conversely, striatal lesions resulting in striatal hy-399 

poperfusion can result in so-called pathological generosity and personal ruin 
49

, suggesting 400 

that the striatum may tip the balance towards self-interest in situations in which generosity 401 

comes at a personal cost. 402 

Generosity and happiness improve individual well-being and can facilitate societal success. 403 

However, in everyday life, people underestimate the link between generosity and happiness 404 

and therefore overlook the benefits of prosocial spending. When asked, they respond that 405 

they assume there would be a greater increase in happiness after spending money on them-406 

selves and after spending greater amounts of money 
4
. Our study provides behavioral and 407 

neural evidence that supports the link between generosity and happiness. Our results sug-408 

gest that, for a person to achieve happiness from generous behavior, the brain regions in-409 

volved in empathy and social cognition need to overwrite selfish motives in reward-related 410 

brain regions. These findings have important implications not only for neuroscience but also 411 

for education, politics, economics and health. 412 

 413 

Method 414 

Participants  415 

Fifty healthy, right-handed participants (11 males; 25.6±0.7 years old, mean±SEM) with normal or 416 

corrected-to-normal vision participated in the experiment. Two participants were excluded because 417 

they accepted all choice options in the decision-making task, making it impossible to compare brain 418 

measures for accept vs. reject decisions. The remaining sample size was 48, 24 in each group. The 419 

study was approved by the Research Ethics Committee of the Canton of Zurich, and all participants 420 

provided informed consent. 421 

 422 

Experimental procedure  423 
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Upon arrival at the laboratory, the participants completed the subjective happiness scale (SHS;
16

). 424 

Then the participants were randomly assigned to either the experimental or the control group. We 425 

informed the participants that we would send each of them 25 Swiss francs in each of the following 426 

four weeks. We asked the participants in the experimental group to commit to spending the money 427 

on other people of their own choice. Examples included taking others out to dinner or buying pre-428 

sents for others. We asked the participants in the control group to commit to spending the money on 429 

themselves. Examples included taking oneself out to dinner or buying oneself a present. We told the 430 

participants that they were completely free to choose their recipients. All participants made a com-431 

mitment and none of them knew about the existence of the other group. After making a commit-432 

ment, all of the participants performed an independent decision-making task in the MRI scanner (see 433 

section below entitled “Decision-making task”). Finally, subjective happiness was assessed a second 434 

time and the participants completed the social desirability scale (SDS; 
50

). 435 

 436 

Decision-making task  437 

All participants completed the decision-making task while we measured BOLD activity using fMRI. 438 

The participants first selected a person to whom they wanted to give a present. In the experimental 439 

group, this person was to differ from those the participants would spend money on in the subse-440 

quent weeks. Participants rated their familiarity with and liking of the recipient. In each trial, the 441 

participants were presented with an option that they could accept or reject. The option was a com-442 

bination of monetary benefits for the other person and costs to the participant. For example, to be 443 

able to give a present worth 18 Swiss francs, the participant would have to pay the price of 25 Swiss 444 

francs. The benefits and costs varied independently and pseudorandomly from 3 to 25 Swiss francs in 445 

1-franc steps. In half of the options, the participant’s own cost was lower than the other’s benefit, 446 

whereas in the other half, the participant’s own cost was higher than the other’s benefit. As partici-447 

pants always incurred a cost when they accepted an option, we defined generosity as the acceptance 448 

rate. The participants were endowed with 30 Swiss francs per hour, which they could also use to bear 449 

the costs of gifts for others. After the entire experiment was completed, one trial was randomly se-450 

lected and, if it was an accept trial, the corresponding monetary benefit for the other person was 451 

sent to the chosen recipient and the participants were asked to pay the costs  of the selected option. 452 

Trials were separated by a variable intertrial interval (ranging from 2-8 s, mean±s.e.m. 3.37±0.231 s). 453 

Importantly, the investigator who explained and conducted the decision-making task in the scanner 454 

was blind to the participant’s group membership. We contacted the participants by telephone at the 455 

end of each week and asked them how they had spent the money. Unfortunately, five participants 456 
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did not respond, but otherwise all other participants (n = 43) reported that they had spent the mon-457 

ey according to the instructions. 458 

 459 

Behavioral data analysis.  460 

For each participant, generosity was defined as the mean acceptance rate, i.e. the number of accept 461 

trials divided by the total number of trials with a response. We examined the effect of the manipula-462 

tion by comparing the experimental group to the control group with a two-sample t-test. We found 463 

little evidence to suggest that distributions of acceptance rates deviated from normal distributions 464 

(Kolmogorov-Smirnov tests, n=24 for each group, both p>0.05). We tracked the increase in happiness 465 

over time by subtracting the mean pre-experimental (Timepoint 1) SHS score from the mean post-466 

experimental (Timepoint 2) score. To test our specific a priori hypothesis, namely, that there would 467 

be a greater increase in happiness in the experimental group than in the control group, we assessed 468 

increase in happiness in a two-sample t-test (one-sided). We compared the two groups’ ratings of 469 

familiarity with and liking of the recipients using the Kolmogorov-Smirnov test. We tested the ratings 470 

for correlations with individual differences in generosity using Spearman’s rho. Each option’s net 471 

subjective value in each trial was computed as:  472 =	 	+	 	+ 	 	+	 + , 473 

where SV(x) is the net subjective value of Option x, cx is the cost of Option x for self, bx is the benefit 474 

of Option x for other, and the βs represent the participant-specific regression weights for the con-475 

stant, cost, benefit and the interaction 
51

. The interaction term estimates the tendency to accept 476 

(negative interaction term) or reject (positive interaction term) offers for which costs and benefits 477 

are dissimilar, such as in cases in which recipients receive a small benefit at a higher cost to partici-478 

pants. This model with the interaction term was selected because it has been shown that a subjective 479 

value model including the interaction term is superior in predicting brain data compared to models 480 

without the interaction term.  481 

 482 

Imaging data acquisition and pre-processing 483 

Functional imaging was conducted by a Philips Achieva 3T whole-body scanner with an eight-channel 484 

sensitivity-encoding head coil (Philips Medical Systems) at the Laboratory for Social and Neural Sys-485 

tems Research, University of Zurich. The task was visually presented through a mirror mounted on 486 

the head coil. We acquired gradient echo T2*-weighted echo-planar images (EPIs) with BOLD con-487 

trast (slices/volume, 33; ascending order; 244 slices × 3 runs). Imaging parameters were as follows: 488 
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repetition time (TR), 2 s; echo time (TE), 25 ms; flip angle, 80°; matrix size, 96 × 96; field of view, 192 489 

mm and voxel size, 2 × 2 × 2.6 mm
3
. Functional data were preprocessed with SPM8 (Wellcome De-490 

partment of Imaging Neuroscience, University College London, Institute of Neurology, London, UK). 491 

Images were slice-time corrected, realigned, spatially normalized to a standard MNI template 492 

(resampling to 3 mm isotropic voxels) and spatially smoothed with a Gaussian kernel of 8 mm 493 

FWHM. 494 

 495 

General activation effects of generosity commitment  496 

To capture the general effect of the commitment to be generous during the decision task, we first set 497 

up a general linear model (GLM) with two onset regressors, one for accept trials and one for reject 498 

trials at the time of decision. Also, six movement parameters were included as regressors of no inter-499 

est. The regressors were convolved with the hemodynamic response function (HRF). Next, we com-500 

puted for each participant the contrast of accept vs. reject trials and assessed the group difference by 501 

taking the resulting contrast images to a second-level mixed-effect analysis using a voxel-wise two-502 

sample t-test. A whole-brain correction for multiple comparisons was performed at the cluster level. 503 

The cluster-defining voxel-level threshold was p<0.001, together with an extent threshold of k≥10 504 

voxels. All reported coordinates (x,y,z) are in MNI space. Furthermore, we tested for lateralization by 505 

comparing extracted signals from the regions of interest in the left and right TPJ (3-mm sphere 506 

around the peak voxel [-51 -70 34] and [51 -70 34], respectively). Here, we applied a paired t-test. 507 

 508 

Generosity-dependent TPJ connectivity modulation 509 

We performed a whole-brain PPI analysis 
20,21,52

 with the TPJ (identified in the preceding analysis) as a 510 

seed region. We extracted the entire time series over the experiment from each participant in the 511 

TPJ cluster that showed a significant group difference in accept vs. reject trials. To create the PPI 512 

regressors, we multiplied the normalized TPJ BOLD time series with two condition vectors containing 513 

ones for six repetition times (TRs) from the time of decision for each decision type (one regressor for 514 

accept trials and one for reject trials) and zeroes otherwise. The method used here relies on correla-515 

tions in the observed BOLD time series, thus making no assumptions about the nature of the neural 516 

events contributing to the BOLD signal 
21,52

. The time window of six TRs (12 s) was selected to capture 517 

the first part of the hemodynamic response function, which peaks after three TRs and is back at base-518 

line at approximately eight TRs after stimulus onset.  519 
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The PPI regressors were used in a separate GLM, which included: (i) psychological regressor of accept 520 

trials, (ii) psychological regressor of reject trials, (iii) physiological regressor (the entire time series of 521 

the TPJ over the entire experiment), (iv) the PPI regressor for accept trials, (v) the PPI regressor for 522 

reject trials. The psychological regressors (i and ii) were convolved with a hemodynamic response 523 

function. The parameter estimates associated with the PPI regressors (iv and v) represent the extent 524 

to which activity in each voxel of the brain correlates with activity in the TPJ during accept or reject 525 

trials. We then computed for each participant the contrast between accept vs. reject PPI regressors 526 

and entered the resulting contrast images into a one-sample t-test together with three covariates: (a) 527 

group (coded as one or minus one for experimental or control group), (b) individual acceptance rate 528 

and (c) group × acceptance rate interaction. Covariate (c) allowed us to identify voxels where group 529 

membership and acceptance rate interacted significantly in TPJ connectivity during accept vs. reject 530 

trials. Since we had a priori hypotheses about the target regions for these analyses, we performed 531 

the multiple comparison threshold corrections at the voxel level [familywise error (FWE), p < 0.05] 532 

within 10-mm spheres of interest that had been defined by previous publications. Rutledge and col-533 

leagues 
11

 defined bilateral ventral striatum (left [-9, 8, -8] and right [18, 8, -5]) as a happiness-coding 534 

region and Kahnt and colleagues 
53

 defined OFC (3, 54, -14) as a reward-coding region. The OFC has 535 

been shown to represent value during both anticipation and receipt of reward.  536 

 537 

Neural link between generosity and increase in happiness  538 

In the previous TPJ-PPI analysis, we identified a cluster in the ventral striatum that was modulated by 539 

specific TPJ connectivity as a function of generosity. In the next step, we investigated the happiness-540 

related function of this region during decisions to be generous (i.e. individual differences in the pro-541 

portion of generous choices). We therefore related the BOLD response during the accept decisions to 542 

individual increases in happiness and investigated whether the relation was group-specific. For this 543 

analysis, we used GLM with two onset regressors, accept and reject trials, respectively (see also Gen-544 

eral activation effects of generosity commitment). At the second level, individual contrast images for 545 

accept vs. reject decisions were then entered into a one-sample t-test together with three covari-546 

ates: (a) group (coded as one and minus one for the experimental and the control group), (b) in-547 

crease in happiness and (c) group × increase in happiness interaction. Covariate (c) allowed us to 548 

identify voxels where BOLD responses reflecting increase in happiness during accept vs. reject trials 549 

interacted with group membership.  550 

Morever, to statistically test whether the striatal region representing an increase in happiness was 551 

the same striatal region in which activity is being modulated by TPJ connectivity, we performed a 552 
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conjunction analysis, defined as an AND between truth statements 
54,55

. For all conjunction analyses, 553 

we set the threshold of p<0.005, k=10 for both images. In other words, only voxels that showed sig-554 

nificantly greater activation above this threshold in both analyses were included 
54,55

.  555 

 556 

OFC coding option value  557 

To identify regions coding subjective option value in relation to individual generosity levels (ac-558 

ceptance rate), we used a GLM with a trial-wise parametric modulator capturing net subjective value 559 

of the presented option for each participant. The option’s net subjective value in each trial was com-560 

puted as described above. In each trial, we parametrically modulated the regressor for the presented 561 

option by the trial-wise subjective value at the time of decision. Both regressors were convolved with 562 

the HRF. The parametric modulator was then regressed against the BOLD signal in each voxel. Indi-563 

vidual contrast images for the parametric value modulation were taken to a second-level random 564 

effect analysis using a one-sample t-test together with two covariates: (a) group (coded as one and 565 

minus one for experimental and control group) and (b) individual acceptance rate. We then identified 566 

significant voxels for (b). This identified regions in which the coding of subjective value correlated 567 

with individual generosity. 568 

Finally, to test whether the OFC region modulated by TPJ connectivity is the same OFC region coding 569 

subjective value, we performed a conjunction analysis analogous to that described in the section 570 

above entitled ‘Neural link between generosity and increase in happiness’.  571 

 572 

Data availability statement 573 

The data that support the findings of this study are available from the corresponding author upon 574 

reasonable request. 575 
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 730 

Figure Legends 731 

 732 

Figure 1. Experimental design  733 

A. First, we informed the participants that we would send them money for the next four weeks 734 

(25 Swiss francs/week). We asked half of the participants to commit to spending this money 735 

on other people (experimental group) and half of the participants to commit to spending the 736 

money on themselves (control group). In addition, we assessed the participants’ subjective 737 

happiness upon their arrival at the laboratory  (T1), i.e. before they had made the commit-738 

ment, and after scanning, i.e. at the end of the experiment (T2). 739 
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B. After the participants had made the commitment, they were asked to select one person to 740 

whom they wanted to give a present. Then they performed an independent decision-making 741 

task in the MRI scanner. In each trial, the participants were presented with an option that 742 

they could accept or reject. Each option was a combination of the benefits for the other per-743 

son and the participants’ own costs. The magnitude of the benefits and costs varied inde-744 

pendently and pseudorandomly from 3 to 25 Swiss francs. Each option was displayed for 4 s, 745 

which was the maximum response time. The selected response and the option were dis-746 

played together until the jittered ITI began. The participants responded by pressing the left 747 

or right arrow button, which corresponded to the ‘yes’ (accept) or ‘no’ (reject) displayed on 748 

the screen. The mapping between ‘yes’ or ‘no’ and left or right arrow buttons was random-749 

ized across trials. 750 

 751 

Figure 2. Behavioral data 752 

A. Mean probability of acceptance across all participants. The probability of acceptance 753 

increased as a function of the magnitude of benefits for the other and decreased as a 754 

function of the magnitude of costs to oneself. The benefits for the other and costs to oneself 755 

varied independently and pseudorandomly from 3 to 25 Swiss francs.  756 

B. The participants in the experimental group, who had committed to spending the money on 757 

others, showed significantly more generous behavior than the control group, who had 758 

committed to spending money on themselves. Generous behavior was defined as the 759 

probability of accepting the option presented (t(46)=2.02; p<0.05). Error bars are s.e.m. 760 

C. The participants in the experimental group showed a greater increase in happiness 761 

(Happiness(T2)-Happiness(T1)) than the control group did (t(46)=1.87; p<0.05). Error bars are 762 

s.e.m. 763 

 764 

 765 

Figure 3. Commitment to be generous enhanced TPJ activity during decisions to be generous 766 

A. Compared to the control group participants, the experimental group participants showed 767 

significantly greater TPJ activation ([-51, -70, 34], t(46)=4.70) while accepting vs. rejecting 768 

options of a costly present to another person. 769 

B. Parameter estimates of the accept vs. reject contrast, extracted from the TPJ region that 770 

showed significant group differences. Error bars are s.e.m. 771 

 772 

 773 

Figure 4. Striatum is modulated by TPJ as a function of generosity and tracks increase in happiness  774 

A. Striatal regions showing group differences in how generosity modulated connectivity with 775 

the TPJ. Inset illustrates TPJ seed region that was identified as the region showing significant 776 

group differences in accept vs. reject trials (Fig. 3A). The psychological variable of the 777 

psychophysiological connectivity analysis was the contrast between accept vs. reject trials. A 778 

group difference in TPJ-striatal connectivity was observable as a function of acceptance 779 

behavior (right: [12, -1, -2], t(44)=5.81; left: [-15, 11, -5], t(44)=5.07; p<0.05, SVC – FWE cor-780 

rected).  781 
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B. We found a positive correlation between TPJ-striatal connectivity and generous behavior in 782 

the experimental group; this correlation was negative in the control group. Thus, across 783 

participants, TPJ-striatum connectivity increased with generosity (defined as acceptance 784 

rate) in the experimental group, but decreased in the control group. In addition, the more 785 

robust analyses against outliers confirmed our results: Kendall’s tie-adjusted tau-b: 0.3, 786 

p=0.042, Spearman’s rho: 0.43; p=0.036. 787 

C. Striatal region tracking group-dependent differences in coding increases in happiness during 788 

accept vs. reject decisions ([-21, 2, -5] t(44)=4.34; p<0.05 FWE-corrected). 789 

D. In the experimental group, we found a negative correlation between increase in happiness 790 

and striatal activity: The smaller the differences in striatal activity in accept as compared to 791 

reject trials, the greater the increase in happiness. In the control group, this correlation was 792 

positive. The ventral striatum activity in the two groups did not significantly differ 793 

(t(47)=1.68; p=0.1). Thus, the two groups differed with respect to how striatal activity pre-794 

dicted an increase in happiness, but not with respect to ventral striatum activity per se. 795 

E. Conjunction analysis confirms that the same striatal region 1) tracks the increase in 796 

happiness and 2) is also modulated by TPJ connectivity as a function of generous behavior. 797 

 798 

Figure 5. OFC codes subjective value of options and is modulated by TPJ 799 

A. TPJ-OFC connectivity reflecting group-dependent generosity (TPJ seed definition and PPI 800 

analysis as described in Fig. 4A). We observed a group difference in TPJ connectivity in a 801 

medial OFC region ([18, 38, -17], t(44)=5.60, p<0.05, SVC – FWE-corrected). Importantly, 802 

across participants, this connectivity was modulated by individual generosity (defined by 803 

acceptance rate) in a group-dependent manner. 804 

B. In the experimental group, the participants who showed greater TPJ-OFC connectivity during 805 

the acceptance of an offer also showed more generous behavior on average. In the control 806 

group, the opposite pattern was observed. To account for the possible outlier, we also 807 

performed the following analyses in the experimental group: Kendall’s tie-adjusted tau-b: 808 

0.32, p=0.029, Spearman’s rho: 0.47; p=0.02. 809 

C. We performed an additional analysis with trial-wise changes in subjective value as a 810 

parametric regressor. We identified an OFC cluster, in whichactivityreflects the subjective 811 

value of the presented option in each trial ([0, 62, -11] t(45)=4.63; p<0.05, SVC FWE-812 

corrected).  813 

D. Conjunction analysis confirms that the OFC region tracking subjective value is the very same 814 

region being modulated by the TPJ during acceptance decisions (conjuntion of A and C). 815 

 816 


