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Abstract
Volunteering and charitable donations are two common forms of prosocial behavior, yet it is unclear whether these other-benefitting behaviors are supported by the same or different neurobiological mechanisms. During a functional magnetic resonance imaging (fMRI) task, 40 participants (20 female-identifying; age: mean = 18.92 years, range = 18.32-19.92 years) contributed their time (in minutes) and money (in dollars) to a variety of local charities. With the maximum amount of time and money that participants could spend on these charities, they did not differentially donate their time and money. At the neural level, donating time and money both showed activations in brain regions involved in cognitive control (e.g., dorsolateral prefrontal cortex) and affective processing (e.g., dorsal anterior cingulate cortex), but donating time recruited regions involved in reward valuation (e.g., ventral striatum) and mentalizing (e.g., temporal pole) to a greater extent than donating money. Further, the precuneus, which is also a region involved in mentalizing, more strongly tracked the varying amount of money than time donated, suggesting that the precuneus may be more sensitive to the increasing magnitude of a non-social exchange (e.g., donating money is a financial exchange) than a social exchange (e.g., donating time is an interpersonal exchange). Our findings elucidate shared as well as distinct neurobiological properties of two prosocial behaviors, which have implications for how humans share different resources to positively impact their community. 





Significance Statement
	Prosocial behaviors broadly characterize how humans act to benefit others. Various prosocial behaviors such as volunteering and charitable donations share the goal of positively contributing to community. Our study identifies brain regions that may serve as ubiquitous neurobiological markers of community-based prosocial behaviors. Despite this shared goal, our study also shows that the human brain responds to donating time and money in diverging ways, such that brain regions associated with processing emotional reward and thinking about others are more strongly recruited for donating time than for money. Therefore, our study sheds light on how different personal resources, such as one’s time and money, within a prosocial context are represented in the brain. 













Introduction
A building block of community is actions that benefit others. This is often referred to as prosocial behavior (Schroeder & Graziano, 2014). Unlike prosocial behaviors that involve a recipient whom individuals have a personal relationship with (e.g., friends), those dedicated towards the community often involve strangers, and so they can be more motivated by others’ actual needs rather than by obligation or reciprocity (Cnaan et al., 1996; Einolf, 2007; Harbaugh et al., 2007). Community-based prosocial behaviors can be non-institutional and informal such as giving directions to a stranger, or institutional and formal such as donating money to charitable organizations, however the latter occurs relatively less frequently (Einolf, 2007; Taniguchi, 2011; Wilson & Musick, 1997). Despite occurring less frequently, community-based prosocial behaviors that are formal have a large impact on society as well as on the giver who experiences a sense of meaning and happiness (Dunn et al., 2008).
Donating time (i.e., volunteering) and money are common forms of formal community-based prosocial behaviors, yet they are very different in nature (e.g., Choi & Kim, 2011; Einolf, 2007; Lee et al., 1999). Volunteering is primarily a social exchange and might require a larger commitment, whereas donating money is primarily a financial exchange and might be achieved in a few simple clicks on the computer (Drollinger, 2010; Lee et al., 1999). Additionally, individuals who volunteer might consequently experience the direct, tangible impact of their service (Jones, 2006). For instance, picking up trash at a beach allows volunteers to clearly see the immediate cleanliness, while donating money to an environmental cause may lead to more abstract, long-term awareness of the outcome. Both time and money exist on a linear continuum, but time is often perceived as abstract and infinite, and money as concrete and finite (Macdonnell & White, 2015). Further, though there is conflicting evidence as to whether it is the amount of time or the amount of money donations that is linked to greater emotional well-being, prior evidence posit that these two behaviors are psychologically different (Appau & Churchill, 2018; Borgonovi, 2008; Choi & Kim, 2011). In sum, despite donating time and money both aiming to ultimately benefit others, they appear to rely on diverging psychological mechanisms.
To better understand the underlying motives of prosocial behaviors, significant research has examined their neural processes, with a particular focus on donating money. For instance, donating money elicits activation in the ventral striatum (VS), a region implicated in reward processing (Morelli et al., 2018). One inference is that benefiting others via monetary donations is an inherently rewarding experience for humans and elicits a warm glow (i.e., feeling of pleasure), which may subsequently propel them to engage in prosocial behaviors in real life (Harbaugh et al., 2007; Morelli et al., 2018). Brain regions implicated in cognitive and behavioral regulation (e.g., dorsolateral prefrontal cortex; dlPFC) and social cognition (e.g., temporoparietal junction; TPJ) are also recruited during prosocial behaviors (Bellucci et al., 2020), suggesting that such behaviors may involve planning an adequate course of action to enact these behaviors and taking the perspective of others, respectively. One study examined neural correlates of donating time under peer influence among young adolescents, yet the main effect of donating time is unknown, and so it remains unclear if similar or different neurobiological processes undergird donating time and money (Duell et al., 2021). Donating time and money may be subserved by similar neural patterns since they are both community-based prosocial behaviors, but also by different neural patterns since they appear to rely on disparate psychological mechanisms. Taken together, understanding the neurobiological foundation of each behavior will help us understand how humans differentially (or similarly) process donating their time and money for the collective good. 
In the current study, we sought to understand the human social behavior of donating time and money by investigating both the shared and distinct neural correlates of these prosocial behaviors. In addition, since the value of time and money exist on a linear continuum, the neural correlates of donating time and money may vary across the range of values. That is, humans may experience a warm glow associated with VS activation, regardless of how much time or money they donate; humans may also experience an increasing warm glow associated with VS activation with increasing time or money they donate (e.g., Spaans et al., 2019). We thus examined similarities and differences in the overall neural activation when donating time and money, as well as in neural regions that track values of time and money (i.e., neural activation that is sensitive to changes in the amount of time or money donated). 
To investigate how the brain encodes and tracks donating time and money, we designed a novel task where participants indicated how much time and money they would donate to 10 real charities that were local to southeastern United States. Forty participants completed the task during functional magnetic resonance imaging (fMRI). First, we tested behaviorally whether participants differentially donated time and money. Given that socioeconomic status is associated both positively and negatively with donating time and money, we explored whether there were differences based on one’s socioeconomic status (e.g., Lee & Chang, 2007; Piff et al., 2010). We further explored whether there were differences in behavior based on the subjective value of the charities. Next, we ran 4 whole-brain fMRI analyses examining (1) similarities and (2) differences in overall neural patterns between donating time and money, and (3) similarities and (4) differences in neural patterns that track the amount of time and money donated. Given that this is the first study to examine these community-based prosocial behaviors within the same study, we conducted exploratory whole-brain analyses to identify regions that were similarly and differentially activated when donating time and money. 

Materials and Methods
Participants 
Participants were first-year undergraduate students who took part in a larger study on prosocial decision-making, and were recruited through flyers and advertisements on campus. We screened participants to make sure they were free from neurological or psychological disorders, or any MRI contraindications. One participant was excluded due to excessive motion (>0.5mm framewise displacement on ≥10% of slices), one due to an incidental finding, and another due to eligibility criteria being unmet after recruitment. The final sample consisted of 40 participants (Mage(SD) = 18.92(0.29) years, range: 18.32-19.92 years, 20 female-identifying). Participants were from diverse racial backgrounds (White = 20, Asian = 11, Black = 3, Latinx = 1, Native American = 1, Mixed = 2, and Other = 2). See Table 1 for a summary of self-reported family income. All participants provided written consent and the University’s Institutional Review Board approved all procedures. Using a sample of first-year undergraduate students uniquely positioned us to examine the relative role of time and money in a prosocial domain. That is, undergraduate students are in a transitory period from late adolescence to young adulthood, during which, prosocial motivation such as perspective-taking and moral reasoning increases (Eisenberg et al., 2005). Thus, it is important to leverage this developmental window to understand how prosocial behaviors for the collective good arise. 
Charity Game
Participants completed the newly developed Charity Game during an fMRI scan (Figure 1). The Charity Game used l0 local charities that were a mix of person- and non-person-based charities. Prior to the scan, participants were shown a logo and description of each charity and learned about the charities’ goals. Participants were told they had the opportunity to support the charities by donating their time by stuffing envelopes with donation letters after the scan or donating money which was part of their earnings from the scan. Before the scan, participants indicated how much they cared about each charity (i.e., subjective value) on a scale from 1 (“Not at all”) to 5 (“Very much”), and ranked their top 3 charities. Table 2 displays the 10 charities, how much participants cared about each, and how often they were chosen as the number one charity of choice. 
The task consisted of a money condition and a time condition. In the money condition, participants indicated how much of their overall payment of 50 dollars (between 0-9 dollars) they would like to donate to a charity. In the time condition, participants indicated how much of their personal time (between 0-18 minutes) they would like to spend stuffing envelopes with fundraising letters for a charity after the scan. Participants were instructed that the computer would randomly select one trial after the scan session, which could be either a money or time decision. Thus, decisions were not cumulative such that participants would spend up to 9 dollars or up to 18 minutes. This random selection of trial ensured that participants’ decisions to donate time and money were not hypothetical, as they were led to believe that any of their decisions could be selected. However, in reality, the random selection was limited to money trials and we selected the participant’s first decision for the charity that they had ranked as their number one. When participants completed the study, they were given their 50 dollars compensation, out of which their money donation was deducted from. The money was donated to the respective charity by the study team. 
Participants completed 80 total trials, 30 of which they made decisions to donate money, 30 to donate time, and 20 trials were control trials. For each condition (money, time), trials were distributed over randomized 4 blocks that each consisted of 10 trials. On control trials, participants were told that decisions on these trials do not count and they could just press any button. The goal of the control trials was to distil neural activity specifically related to prosocial motivation from motor movement needed to make a decision. 
Each block started with a screen indicating the type of round – money or time – which was displayed for 2000ms. Trials were separated with a randomized jitter (M = 2300ms; range: 500-4500ms). The decision screen presented a logo of the charity, a description in key words, and a rating scale, and was displayed for a maximum of 3000ms or until a decision was made. The money condition ranged from donating 0 to 9 dollars in increments of 1 dollar, while the time condition ranged from donating 0 minutes to 18 minutes in increments of 2 minutes. These ranges and increments differ since these numbers represented similar percentages: 9 dollars in the task out of 50 dollars that is associated with the study session earnings (9/50 = 18% of total earnings donated) is similar to 18 minutes in the task out of 120 minutes that is associated with the study session participation (18/120 = 15% of total time donated). Control trials were similar in aesthetics but lacked a logo and keywords, and contained an instruction of “Just Press”. Each decision was highlighted on the screen for 500ms. If participants did not respond within the allocated 3000ms, they saw a “Too Late” screen for 1000ms and subsequently proceeded to the next trial.  
Experimental Design and Statistical Analysis
fMRI Data Acquisition
Data were collected with a 3T Siemens Prisma MRI scanner, using a 32-channel head coil. The task was presented on a computer screen, which participants could see through a mirror attached to the head coil. We obtained the functional data using T2*-weighted echoplanar images (EPI; slice thickness = 3mm; 38 slices; TR = 2sec; TE = 25msec; matrix = 92x92; FOV = 230mm; voxel size = 2.5x2.5x3mm3). In order to provide an anatomical reference, structural scans were also acquired, including a T2*weighted, matched-bandwidth (MBW; slice thickness = 3mm; 38 slices; TR = 4sec; TE = 64msec; matrix = 192x192; FOV = 230) and a T1* magnetization-prepared rapid-acquisition gradient echo (MPRAGE; slice thickness = 0.9 mm; 192 slices; TR = 1.9sec; TE = 2.32msec; matrix = 256x256; FOV = 230; sagittal acquisition plane). EPI and MBW scans were collected with an oblique axial orientation to reduce signal drop-out in orbital and temporal regions, thereby maximizing coverage of the brain.
fMRI Data Preprocessing and Analysis
Standard preprocessing was conducted using the FSL FMRIBs Software Library (FSL v6.0; https://fsl.fmrib.ox.ac.uk/fsl/). Data were corrected for slice-to-slice head motion using MCFLIRT (Jenkinson et al., 2002), skull-stripped with BET (Smith, 2002), spatially smoothed with a 6mm FWHM Gaussian kernel, and a high-pass temporal filtering with a 128s cutoff was applied to remove low-frequency drift across time (Gaussian-weighted least squares straight line fitting; sigma = 64.0s). Image co-registration was done using a three-step registration procedure (EPI to T2 to T1), and each functional image was resampled to 2x2x2mm and warped to the standard Montreal Neurological Institute 2mm brain using FLIRT (Jenkinson & Smitch, 2001; Jenkinson et al., 2002). Moreover, to remove artifact signals such as motion and physiological noise, we applied an independent component analysis (ICA) denoising procedure using MELODIC (Beckmann & Smitch, 2004), combined with an automated signal classification toolbox (classifier NP-threshold = 0.3; Tohka et al., 2004).
 After preprocessing, statistical analyses were conducted on the individual subject’s data using the general linear model (GLM) in the Statistical Parametric Mapping software package (SPM12; Welcome Department of Cognitive Neurology, London). Each trial was convolved with the canonical hemodynamic response function. For overall neural activation, individual-level fixed-effects models were created for each participant with regressors for the following 5 conditions: money donations of 1 dollar or more, time donations of 1 minute or more, money decisions of 0 dollars, time decisions of 0 minutes, and control trials. For neural tracking, we created a second GLM. Individual-level fixed-effects models were created for each participant with regressors for the following 3 conditions: money decisions, time decisions, and control conditions. Here, a parametric modulator (PM) for money and time decisions was added, whereby the PM for money decisions represented the amount of money donated on that trial, and for time decisions represented the amount of time donated on that trial divided by 2 (e.g., a trial with 4 minutes donation had a PM value of 2) so that both money and time decisions are on the same scale. 
For both models, trials in which participants did not respond and volumes containing motion in excess of 0.5mm framewise displacement were included as separate regressors of no interest. Six motion regressors were modeled as covariates of non-interest to control for head movement in six dimensions. Each trial was modeled using the onset of the charity (or control) and a duration equal the time needed to make a decision (i.e., reaction time). Jittered intertrial periods were not explicitly modeled and therefore served as the implicit baseline. 
For similarities in neural processing of donating time and money, we ran a conjunction analysis using AFNI 3dcalc (images thresholded at p < .0005; t-values = 3.5737 for overall neural activation and 3.5911 for neural tracking). Using a more standard threshold of p < .005 produced large cluster sizes and so a more conservative threshold of p < .0005 was used to identify more refined overlaps between donating time and money. This program identified voxels within brain regions that overlap between the two prosocial behaviors. For overall neural activation, we tested the conjunction between time donation > control and money donations > control. For neural tracking, we tested the conjunction between time decisions > control and money decisions > control, with the PM representing participants’ decision.
For differences in neural processing of donating time and money, random effects, group-level analyses were run using GLMFlex (http://mrtools.mgh.harvard.edu/index.php/GLM_Flex). GLMFlex offers several advantages including removing outliers and sudden activation changes, correcting for variance-covariance inequality, partitioning error terms, and analyzing all voxels containing data. For overall neural activation, our contrast of interest was time donations > money donations. For neural tracking, our contrast of interest was time decisions > money decisions, with the PM. Whole-brain group-level contrasts are available on Neurovault (https://neurovault.org/collections/13410/). Note, for overall activation, 2 participants were excluded for only making decisions of 0 minutes or dollars, which entailed not making any prosocial decisions; and for neural tracking, 2 additional participants were excluded for not having sufficient variability in their decisions to model tracking at the neural level.
To correct for multiple comparisons, we conducted a Monte Carlo simulation using the 3dFWHMx and 3dClustSim programs from the AFNI software package (Ward, 2000) and the group-level brain mask. Smoothness was estimated with the -acf option, which used an average of individual-level autocorrelation function parameters that is obtained using each participant’s residuals from the first-level model. A p < .05 Family-Wise Error (FWE) corrected would be achieved with a voxel-wise threshold of p < .005 and 187 voxels for the overall neural activation model, and 184 voxels for the neural tracking model. As aforementioned, we used a voxel-wise threshold of p < .0005 for the conjunction analyses, which would attain p < .05 FWE corrected with 55 voxels for the overall neural activation model and 57 voxels for the neural tracking model. Given that subcortical regions such as the VS often do not survive stringent threshold corrections, we further calculated a small-volume corrected threshold for the VS, which identified a voxel-wise threshold of p < .005 and 9 voxels within the VS for both the neural activation and neural tracking models. VS activation was only checked for the primary contrasts of interest.

Results
Behavioral Results
In order to directly compare donating time and money in the Charity Game, we calculated the proportion between participants’ average donation decision and total amount of donation possible for each condition. On average, participants donated 41.9% of the total possible minutes (M = 7.54 minutes, SD = 4.87, range: 0-18) and 42.5% of the total possible dollars (M = 3.82 dollars, SD = 2.39, range: 0.13-9), and these percentages did not significantly differ (t(39) = -0.293, MTime-Money = -0.005, p = .39). Next, we ran an exploratory analysis by focusing only on participants’ top charity of choice and saw the same effect (t(39) = 0.217, MTime-Money = 0.058, p = .42). Similarly, random effects ANOVA with trials nested within participants showed an insignificant interaction between donation type (time, money) and subjective value of that charity on the amount of donation, suggesting that the amount of time versus money donated do not significantly differ based on how much participants care about a charity ( = 0.037, SE = 0.063, p = 0.56). Removing the interaction term showed a significant main effect of subjective value, suggesting that controlling for donation type, participants donated more to charities they cared more about ( = 1.181, SE = 0.034, p < 0.0001). Finally, we examined links with socioeconomic status and found that the higher the self-reported family income, the more time ( = 0.72, p = .003) and money (  = 0.29, p = .02) participants donated in the task, but family income was not associated with the difference between the amount of time and money donated (in proportions;  = 0.01, p = .2). 
Neuroimaging Results
For fMRI analyses, we first ran whole-brain contrasts for each prosocial behavior. We examined the overall activation when donating time and money, and identified neural regions that tracked the amount of donation. Donating time on average recruited the ventromedial PFC (vmPFC) and ventrolateral PFC (vlPFC), with the vmPFC also showing increasing activation with increasing minutes donated. Donating money on average recruited the dlPFC and medial PFC (mPFC), with the TPJ showing increasing activation with increasing dollars donated. See Table 3 for full list of activations. 
Similarities in neural processing of donating time and money
We used conjunction analyses to query which neural regions are activated for both donating time and money, each relative to control condition. For overall neural activation, donating time and money both evinced increased activation in the vmPFC extending into the dorsomedial PFC (dmPFC), dlPFC, vlPFC, precuneus, and dorsal anterior cingulate cortex (dACC; Figure 2). For neural tracking, tracking the amount of time (in minutes) and money (in dollars) donated both showed a positive activation in the VS, TPJ, and the vmPFC extending to the dmPFC, indicating that there was greater activation in each of these regions with greater amount of time and money donated (Figure 3). 
Differences in neural processing of donating time and money
We used whole-brain contrasts to identify brain regions that are differentially activated when donating time and money. For overall neural activation, donating time elicited greater activation in the VS, vmPFC, and temporal pole than donating money (Figure 4). For neural tracking, linear increases in the amount of money donated elicited greater activation in the precuneus than the amount of time donated (Figure 5). 

Discussion
The goal of our study was to investigate the shared and distinct neural correlates of different community-based prosocial behaviors — donating time and money to charitable organizations. Given that both donating time and money benefit the larger community and have potential societal impact, we examined which neural regions are mutually activated for both behaviors. Moreover, given that they each rely on diverging psychological mechanisms, we also examined which neural regions are differentially activated. Characterizing the neurobiological properties of donating time and money may help explain why humans behave the way they do, particularly in terms of how humans expend their own resources to benefit unknown others for the collective good.
Money is often experienced as finite while time as infinite and altering the abundance of a resource also modifies its respective prosocial behavior (Macdonnell & White, 2015). Indeed, the higher the self-reported family income, the more time and money participants in our study donated, corroborating the idea that the amount of resource impacts prosocial behaviors. Thus, one possible explanation of donating time and money in our study not being differently likely is that time and financial resources were construed similarly (i.e., both as finite) in the task. Participants in our study indeed knew the highest amount of time and money they could donate, and so they likely understood that both resources were limited. Contrary to prior findings that show that individuals are more likely volunteer than donate money, our findings reveal that individuals do not differentially intend to engage in the two forms of community-based prosocial behaviors, perhaps because both time and money were constrained in the task (e.g., Brown et al., 2018; Costello & Malkoc, 2002). An alternative possibility is that changes in time and money perception from younger to older adulthood affect the level of engagement in time- and money-related prosocial behaviors (Freund & Blanchard-Fields, 2014; Zhang et al., 2018). Given that our sample consisted of first-year undergraduate students (i.e., older adolescents), it is possible that the assumption that these two resources are similarly salient is an age-specific effect that is independent of the task, but this assumption warrants further investigation.  
At the brain level, both donating time and money on average recruited the medial as well as the lateral portions of the PFC (though vmPFC activation was ultimately stronger for donating time) and the dACC. The vmPFC is a part of the valuation system, whereby animal and human neuroimaging studies have consistently highlighted the role of the vmPFC in value computation and subsequent value-based decision-making (Bartra et al., 2013). The dmPFC and mPFC respectively encode other-oriented and self-other overlap processes, subserving the social-cognitive aspects of prosocial behaviors (Van Overwalle et al., 2014). The dlPFC and vlPFC are thought to support goal pursuit and behavioral regulation, respectively, during prosocial behaviors (Gęsiarz & Crockett, 2015; Majdandžić et al., 2016). Finally, the dACC encodes self-interest versus prosocial motivations and also responds to emphatic emotions, which is subsequently necessary for prosocial learning to take place (Feng et al., 2015; Lockwood et al., 2022). Taken together, our study suggests that certain brain regions that are typically linked to prosocial behaviors may be consistently recruited across various modalities of community-based prosocial behaviors, whether that be contributing to one’s community interpersonally or financially. Namely, brain regions linked to reward valuation, social cognition, cognitive control, and affective processing may be ubiquitous neurobiological signatures of how humans donate to benefit others. 
Despite these shared neural markers, donating time on average recruited the VS, vmPFC, and temporal pole to a greater extent than donating money. The VS and vmPFC are integral regions of the reward circuity (Delgado, 2007; Freund & Blanchard-Fields, 2014), and so donating time may solicit greater levels of reward valuation than donating money. Prior research has consistently shown that donating money to charitable organizations is neurobiologically rewarding; we extend these findings by demonstrating that this effect is even stronger for donating time (Harbaugh et al., 2007; Moll et al., 2006). Further, the temporal pole is thought to be involved in mentalizing (Ruby & Decety, 2004), suggesting that donating time engages higher levels of understanding of others’ thoughts and feelings than donating money. These neural differences are particularly interesting since there is a lack of behavioral difference in the time and money conditions, indicating that these two similar behaviors may be supported by varying degrees of reward valuation and mentalizing processes. Therefore, the brain encodes donating time and money differently, with stronger neurobiological sensitivity to donating time than to money. 
Since brain activity may vary as a function of the amount of resources expended, our study also probed how the brain tracks the value of time and money donated. We found that the VS, TPJ, temporal pole, and a large PFC cluster that contains the vmPFC, mPFC, and dmPFC all increase in activation with increasing amount of time and money donated. Regions implicated in reward valuation (e.g., VS, vmPFC) differentially respond to different levels of reward value (Barkley-Levenson & Galván, 2014); thus, these regions track the amount of time and money distributed. In addition, regions within the social brain network (e.g., TPJ, temporal pole, mPFC, dmPFC) track social values such as social distance and other people’s emotions, and is thought to promote prosocial behaviors by modulating neural signals from the vmPFC (Strombach et al., 2015; van Hoorn et al., 2018). Thus, the social brain network may act in concert with the reward valuation network to gauge the social consequences of one’s varying prosocial actions (e.g., high versus low amount of donations).
Interestingly, the precuneus more strongly tracks the amount of money donated than the amount of time. Precuneus is also a member of the social brain network, and is involved in many social-cognitive functions such as self-referential processing and perspective-taking (Cavanna & Trimble, 2006). One possible explanation of our finding is that since donating money is a financial exchange while donating time is a social exchange, perhaps greater social-cognitive processing is needed in a non-social form of prosocial behavior in order to socially contextualize the financial exchange, with this neurocognitive demand and thus the precuneus recruitment increasing when the stakes are getting higher (i.e., donating more of one’s money). Indeed, the precuneus is thought to integrate both external and self-generated information (Cavanna & Trimble, 2006), suggesting that perhaps the precuneus may be making a social meaning (a self-generated information) from a non-social exchange (an external information). In sum, we speculate that this specific region within the social brain network may be recruited at a greater extent when the social impact of one’s prosocial contribution is less clear. The precuneus may therefore serve as a neurobiological marker for the magnitude of community-based donations. 
The current study has several strengths. We used parametric modulators to identify brain regions that are differentially sensitive to the amount of donations, and conjunction analyses to identify regions that are mutually recruited for both types of community-based prosocial behaviors. In addition, we used a novel paradigm to assess time and money donations to a variety of local charities. Despite these strengths, we did not assess whether participants already had existing relations with any of the local charities listed in the Charity Game, which may impact how participants selected their top charity of choice. Future research should also use donation values greater than 18 minutes or 9 dollars to examine how these outcomes differ when the stakes are even higher or more costly. Lastly, future research should examine individual differences in neural activation in predicting real-life community-based prosocial behaviors in order to better understand the brain-behavior links and implications for potentially improving society. 
In conclusion, our study sheds light on the neurobiological underpinnings of two common forms of community-based prosocial behaviors. In particular, we highlight the importance of brain regions implicated in reward valuation (e.g., VS, vmPFC) and social cognition (e.g., TPJ, temporal pole, precuneus). These two sets of brain network are commonly activated between donating time and money, but more so for donating time than money, and they further vary in the extent of activation depending on the donation magnitude such that these regions more strongly track the amount of money than time donated. These variations in neural activation build on prior studies demonstrating that volunteering boosts well-being such as happiness (Dunn et al., 2008). Perhaps, this effect is due to the greater level of neurobiological warm glow and understanding of others’ when we give our time than money to positively impact our community. 








References
Barkley-Levenson, E., & Galván, A. (2014). Neural representation of expected value in the 
adolescent brain. Proceedings of the National Academy of Sciences of the United States of America, 111(4), 1646–1651. https://doi.org/10.1073/pnas.1319762111
Bartra, O., McGuire, J. T., & Kable, J. W. (2013). The valuation system: a coordinate-based 
meta-analysis of BOLD fMRI experiments examining neural correlates of subjective value. NeuroImage, 76, 412–427. https://doi.org/10.1016/j.neuroimage.2013.02.063
Beckmann, C. F., & Smith, S. M. (2004). Probabilistic independent component analysis for 
functional magnetic resonance imaging. IEEE Transactions on Medical Imaging, 23(2), 137–152. https://doi.org/10.1109/TMI.2003.822821
Bellucci, G., Camilleri, J. A., Eickhoff, S. B., & Krueger, F. (2020). Neural signatures of 
prosocial behaviors. Neuroscience and Biobehavioral Reviews, 118, 186–195. https://doi.org/10.1016/j.neubiorev.2020.07.006
Borgonovi, F. (2008). Doing well by doing good. The relationship between formal 
volunteering and self-reported health and happiness. Social Science & Medicine, 66(11), 2321–2334. https://doi.org/10.1016/j.socscimed.2008.01.011
Brown, A.L., Meer, J., & Williams, J.F. (2018). Why Do People Volunteer? An 
Experimental Analysis of Preferences for Time Donations. Management Science, 65(4),1455-1468. https://doi.org/10.1287/mnsc.2017.2951
Cavanna, A. E., & Trimble, M. R. (2006). The precuneus: a review of its functional anatomy 
and behavioural correlates. Brain, 129(Pt 3), 564–583. https://doi.org/10.1093/brain/awl004
Choi, N. G., & Kim, J. (2011). The effect of time volunteering and charitable donations in 
later life on psychological wellbeing. Ageing & Society, 31(4), 590
610. https://doi.org/10.1017/S0144686X10001224
Costello, J.P., & Malkoc, S.A. (2022). Why Are Donors More Generous with Time Than 
Money? The Role of Perceived Control over Donations on Charitable Giving, Journal of Consumer Research, 49(4), 678–696, https://doi.org/10.1093/jcr/ucac011
Delgado, M. R. (2007). Reward-related responses in the human striatum. Annals of the New 
York Academy of Sciences, 1104, 70–88. https://doi.org/10.1196/annals.1390.002
Dunn, E. W., Aknin, L. B., & Norton, M. I. (2008). Spending money on others promotes 
happiness. Science, 319(5870), 1687–1688. https://doi.org/10.1126/science.1150952
Eisenberg, N., Cumberland, A., Guthrie, I. K., Murphy, B. C., & Shepard, S. A. (2005). Age 
Changes in Prosocial Responding and Moral Reasoning in Adolescence and Early Adulthood. Journal of Research on Adolescence, 15(3), 235–260. https://doi.org/10.1111/j.1532-7795.2005.00095.x
Feng, C., Luo, Y. J., & Krueger, F. (2015). Neural signatures of fairness-related normative 
decision making in the ultimatum game: a coordinate-based meta-analysis. Human Brain 
Mapping, 36(2), 591–602. https://doi.org/10.1002/hbm.22649
Freund, A. M., & Blanchard-Fields, F. (2014). Age-related differences in altruism across 
adulthood: making personal financial gain versus contributing to the public good. Developmental Psychology, 50(4), 1125–1136. https://doi.org/10.1037/a0034491
Gęsiarz, F., & Crockett, M. J. (2015). Goal-directed, habitual and Pavlovian prosocial 
behavior. Frontiers in Behavioral Neuroscience, 9, 135. https://doi.org/10.3389/fnbeh.2015.00135
Harbaugh, W. T., Mayr, U., & Burghart, D. R. (2007). Neural responses to taxation and  voluntary giving reveal motives for charitable donations. Science, 316(5831), 1622–1625. https://doi.org/10.1126/science.1140738
Jenkinson, M. & Smith, S.M. (2001). A global optimisation method for robust affine registration of brain images. Medical Image Analysis, 5(2), 143-156.
Jenkinson, M., Bannister, P., Brady, M., & Smith, S. (2002). Improved optimization for the robust and accurate linear registration and motion correction of brain images. NeuroImage, 17(2), 825–841. https://doi.org/10.1016/s1053-8119(02)91132-8
Lockwood, P. L., Wittmann, M. K., Nili, H., Matsumoto-Ryan, M., Abdurahman, A., Cutler, J., Husain, M., & Apps, M. A. J. (2022). Distinct neural representations for prosocial and self-benefiting effort. Current Biology, 32(19), 4172–4185.e7. https://doi.org/10.1016/j.cub.2022.08.010
Macdonnell, R., & White, K. (2015). How Construals of Money versus Time Impact Consumer Charitable Giving, Journal of Consumer Research, 42(4), 551–563, https://doi.org/10.1093/jcr/ucv042
Majdandžić, J., Amashaufer, S., Hummer, A., Windischberger, C., & Lamm, C. (2016). The selfless mind: How prefrontal involvement in mentalizing with similar and dissimilar others shapes empathy and prosocial behavior. Cognition, 157, 24–38. https://doi.org/10.1016/j.cognition.2016.08.003
Morelli, S. A., Knutson, B., & Zaki, J. (2018). Neural sensitivity to personal and vicarious reward differentially relate to prosociality and well-being. Social Cognitive and Affective Neuroscience, 13(8), 831–839. https://doi.org/10.1093/scan/nsy056
Ruby, P., & Decety, J. (2004). How would you feel versus how do you think she would feel? A neuroimaging study of perspective-taking with social emotions. Journal of Cognitive Neuroscience, 16(6), 988–999. https://doi.org/10.1162/0898929041502661
Smith S. M. (2002). Fast robust automated brain extraction. Human Brain Mapping, 17(3), 143–155. https://doi.org/10.1002/hbm.10062
Spaans, J. P., Peters, S., & Crone, E. A. (2019). Neural reward-related reactions to monetary gains for self and charity. Cognitive, Affective & Behavioral Neuroscience, 19(4), 845–858. https://doi.org/10.3758/s13415-018-00672-1
Strombach, T., Weber, B., Hangebrauk, Z., Kenning, P., Karipidis, I. I., Tobler, P. N., & Kalenscher, T. (2015). Social discounting involves modulation of neural value signals by temporoparietal junction. Proceedings of the National Academy of Sciences of the United States of America, 112(5), 1619–1624. https://doi.org/10.1073/pnas.1414715112
Tohka, J., Zijdenbos, A., & Evans, A. (2004). Fast and robust parameter estimation for statistical partial volume models in brain MRI. NeuroImage, 23(1), 84–97. https://doi.org/10.1016/j.neuroimage.2004.05.007
van Hoorn, J., McCormick, E. M., & Telzer, E. H. (2018). Moderate social sensitivity in a risky context supports adaptive decision making in adolescence: evidence from brain and behavior. Social Cognitive and Affective Neuroscience, 13(5), 546–556. https://doi.org/10.1093/scan/nsy016
Van Overwalle, F., Baetens, K., Mariën, P., & Vandekerckhove, M. (2014). Social cognition and the cerebellum: a meta-analysis of over 350 fMRI studies. NeuroImage, 86, 554–572. https://doi.org/10.1016/j.neuroimage.2013.09.033
Ward, B. D. (2000). Simultaneous Inference for fMRI data. AFNI 3dDeconvolve Documentation, Milwaukee, WI: Medical College of Wisconsin.
Zhang, F., Gong, X., & Fung, H. (2018). Are older adults more willing to donate? The roles of donation form and social relationship. Innovation in Aging, 2(Suppl 1), 754. https://doi.org/10.1093/geroni/igy023.2785











































Figure 1. Illustration of the Charity Game with an example (A) money round, (B) time round, and (C) control round (for money). In both money and time rounds, participants were first shown the charity they will be donating to and then indicated how much money (in dollars) or time (in minutes) they would donate to that charity. During the control round, participants were asked to press any button. 
[image: ]





















Figure 2. (A) Medial brain regions that were activated when participants donated time and money. Data is thresholded at p < .0005 with a corrected cluster threshold of 55 voxels. (B) Conjunction analyses of positive activation revealed overlapping voxels between donating time and money within the, for example, ventromedial prefrontal cortex (vmPFC) and dorsal anterior cingulate cortex (dACC). 
[image: ]











Figure 3. (A) Medial brain regions that tracked the amount of time and money donated. Data is thresholded at p < .0005 with a corrected cluster threshold of 57 voxels. (B) Conjunction analyses of positive activation revealed overlapping voxels between tracking time and money within the, for example, ventromedial prefrontal cortex (vmPFC; circled). (C) Increases in the amount of time (in minutes; rescaled to 0-9 minutes to match money donations) and money (in dollars) donated are linked to increases in vmPFC activation. Bold lines represent the group’s average neural tracking in the vmPFC and faint lines represent each participant’s neural tracking in the vmPFC. 
[image: ]










Figure 4. There was greater activation in the ventral striatum (VS), ventromedial prefrontal cortex (vmPFC), and temporal pole when participants donated their time relative to their money.
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Figure 5. (A) The precuneus (circled) differentially tracked the amount of time and money donated. (B) The precuneus more positively tracked increases in the amount of money (in dollars) than time (in minutes; rescaled to 0-9 minutes to match money donations) donated. Bold lines represent the group’s average neural tracking in the precuneus and faint lines represent each participant’s neural tracking in the precuneus. 
[image: ]



















Table 1. Summary of participants’ self-reported family income.

	Family Income
	Frequency
	Percentage 

	< $15000
	1
	2.5

	$15000 - $29999
	2
	5

	$30000 - $44999
	5
	12.5

	$45000 - $59999
	3
	7.5

	$60000 - $74999
	3
	7.5

	$75000 - $89999
	1
	2.5

	$90000 - $99999
	2
	5

	$100000 - $119999
	7
	17.5

	$120000 - $150000
	4
	10

	> $150000
	11
	27.5

	Not Sure
	1
	2.5
































Table 2. Overview of charities used in the Charity Game, including how much participants cared about each charity (mean and range) and how often each charity was chosen as their top charity of choice.
	Charity
	M (SD)
	Range
	% Chosen as #1 

	U.S. Army Project Gratitude
	3.43 (1.17)
	1-5
	15%

	Hospital Hugs
	4.10 (0.93)
	2-5
	20%

	Toys for Tots
	3.20 (1.07)
	1-5
	5%

	Take and Eat Food Pantry
	4.20 (1.02)
	1-5
	18%

	Hope Animal Rescue
	3.05 (1.15)
	1-5
	3%

	Communities in Schools NC
	3.80 (1.04)
	1-5
	18%

	NC Environmental Justice
	3.45 (0.99)
	1-5
	0%

	NC Wildlife Federation
	3.43 (0.81)
	1-5
	5%

	Family Promise
	4.03 (1.07)
	2-5
	18%

	Piedmont Farm Animal Refuge
	2.40 (0.87)
	1-4
	0%



 



	







Note. M represents the mean of how much participants care about that charity, where 1 = Not At All and 5 = Very Much. Range represents the minimum and maximum of participants’ ratings of how much they care about that charity. 





















Table 3. Neuroimaging results including conjunction and whole-brain contrast analyses. 

	Anatomical Region
	Peak x
	Peak y
	Peak z
	t-value
	k

	Time Condition
	 
	 
	 
	 
	 

	Donating time > Control
	 
	 
	 
	 
	 

	Occipitotemporal Area
	-12
	-96
	-14
	11.16
	32732

	Ventromedial PFC
	-8
	58
	-6
	7.03
	8151

	Cerebellum
	18
	-42
	-42
	6.35
	588

	Dorsomedial PFC
	22
	38
	50
	4.64
	342

	Middle Temporal Gyrus
	-56
	-8
	-16
	5.33
	340

	Ventrolateral PFC
	-42
	44
	-4
	4.58
	242

	Orbitofrontal Cortex
	-24
	20
	-16
	4.19
	209

	Donating time < Control
	 
	 
	 
	 
	 

	Temporoparietal Junction
	56
	-52
	10
	-3.98
	5568

	Somatosensory Area
	-66
	-30
	24
	-4.61
	3506

	Anterior Insula
	-36
	4
	10
	-6.13
	957

	Dorsolateral PFC
	-34
	40
	24
	-5.46
	578

	Posterior Cingulate Cortex
	12
	-30
	40
	-5.39
	396

	Posterior STS
	-50
	-28
	-4
	-6.52
	356

	Temporal Pole
	50
	4
	-24
	-5.43
	270

	Tracking time > Control
	 
	 
	 
	 
	 

	Posterior Cingulate Cortex
	-2
	-56
	22
	6.42
	1744

	Ventromedial PFC
	-2
	48
	-12
	5.98
	1223

	Tracking time < Control
	 
	 
	 
	 
	 

	Inferior Parietal Lobule
	50
	-38
	44
	-5.39
	32995

	L Dorsolateral PFC
	-36
	40
	28
	-8.34
	1457

	Premotor Area
	-30
	-4
	64
	-6.96
	996

	R Dorsolateral PFC
	34
	40
	26
	-7.87
	962

	Thalamus
	8
	-20
	2
	-8.28
	392

	Money Condition
	 
	 
	 
	 
	 

	Donating money > Control
	 
	 
	 
	 
	 

	Occipitotemporal Area
	-10
	-96
	-10
	11.25
	25410

	Medial PFC
	-6
	66
	26
	6.38
	3395

	Dorsal Anterior Cingulate Cortex
	6
	20
	44
	6.27
	1471

	Intraparietal Sulcus
	34
	-64
	44
	5.83
	701

	R Cerebellum
	4
	-60
	-50
	5.40
	531

	Dorsolateral PFC
	-48
	22
	28
	4.66
	299

	Ventrolateral PFC
	36
	6
	62
	4.35
	245

	Donating money < Control
	 
	 
	 
	 
	 

	Temporoparietal Junction
	64
	-44
	30
	-8.61
	6545

	Inferior Parietal Lobule
	-60
	-46
	44
	-9.66
	4099

	Anterior Insula
	-36
	0
	8
	-5.30
	683

	Posterior Cingulate Cortex
	10
	-28
	42
	-5.42
	671

	Dorsolateral PFC
	-32
	30
	32
	-5.96
	633

	Posterior STS
	-50
	-22
	-8
	-6.09
	499

	Ventrolateral PFC
	54
	32
	-4
	-5.81
	262

	L Cerebellum
	-14
	-80
	-44
	-5.42
	239

	Tracking money > Control
	 
	 
	 
	 
	 

	Posterior Cingulate Cortex
	-4
	-52
	14
	8.17
	2808

	Medial PFC
	-8
	66
	28
	7.33
	1871

	Temporoparietal Junction
	-44
	-68
	26
	4.69
	416

	Ventral Striatum
	10
	24
	2
	5.21
	207

	Tracking money < Control
	 
	 
	 
	 
	 

	Somatosensory Area
	62
	-16
	28
	-5.50
	12855

	Intraparietal Sulcus
	-52
	-38
	42
	-4.60
	6905

	L Cerebellum
	-6
	-74
	-42
	-8.27
	2563

	R Cerebellum
	30
	-52
	-52
	-8.27
	1618

	L Dorsolateral PFC
	-38
	38
	28
	-8.07
	1022

	Lateral Occipital Area
	-44
	-62
	2
	-7.26
	758

	Premotor Area
	-30
	-10
	54
	-5.56
	598

	R Dorsolateral PFC
	30
	40
	26
	-7.19
	570

	Thalamus
	8
	-20
	2
	-7.88
	273

	Conjunction Analyses
	 
	 
	 
	 
	 

	(Donating time vs. Control) ∩ (Donating money vs. Control) - Positive Activation
	 
	 
	 
	 
	 

	L Cerebellum
	-36
	-68
	-42
	 
	14888

	Ventromedial PFC
	-2
	48
	-12
	 
	607

	Precuneus
	-34
	-70
	28
	 
	271

	Dorsal Anterior Cingulate Cortex
	-6
	28
	36
	 
	270

	Intraparietal Sulcus
	38
	-62
	30
	 
	205

	Ventrolateral PFC
	40
	50
	-2
	 
	162

	Orbitofrontal Cortex
	-4
	24
	-30
	 
	89

	R Cerebellum
	40
	-70
	-42
	 
	77

	R Dorsolateral PFC
	46
	34
	20
	 
	76

	L Dorsolateral PFC
	-44
	20
	22
	 
	74

	(Donating time vs. Control) ∩ (Donating money vs. Control) - Negative Activation
	 
	 
	 
	 
	 

	Temporal Pole
	52
	12
	-30
	 
	4730

	Lateral Occipital Area
	-56
	-68
	-2
	 
	3097

	L Posterior Insula
	-40
	2
	0
	 
	452

	Dorsolateral PFC
	-32
	36
	24
	 
	443

	Posterior STS
	-50
	-32
	-10
	 
	317

	Posterior Cingulate Cortex
	-12
	-30
	36
	 
	282

	R Posterior Insula
	48
	-4
	10
	 
	146

	Dorsomedial PFC
	50
	30
	-8
	 
	130

	Cerebellum
	-16
	-84
	-46
	 
	104

	(Tracking time vs. Control) ∩ (Tracking money vs. Control) - Positive Activation
	 
	 
	 
	 
	 

	Parahippocampal Gyrus
	-8
	-52
	0
	 
	1442

	Ventromedial PFC
	4
	30
	-22
	 
	713

	Medial PFC
	-16
	66
	2
	 
	88

	Dorsomedial PFC
	-12
	62
	16
	 
	84

	Temporal Pole
	-58
	-6
	-26
	 
	64

	Temporoparietal Junction
	-44
	-68
	26
	 
	64

	Ventral Striatum
	10
	22
	-2
	 
	59

	(Tracking time vs. Control) ∩ (Tracking money vs. Control) - Negative Activation
	 
	 
	 
	 
	 

	R Occipitotemporal Area
	54
	-62
	-10
	 
	11172

	Anterior Insula
	-38
	18
	-10
	 
	6330

	R Cerebellum
	26
	-60
	-58
	 
	1384

	L Cerebellum
	-32
	-50
	-38
	 
	1182

	L Dorsolateral PFC
	-36
	32
	14
	 
	841

	L Occipitotemporal Area
	-44
	-62
	-14
	 
	627

	Premotor Area
	-28
	-12
	50
	 
	468

	R Dorsolateral PFC
	28
	44
	16
	 
	458

	Ventral Tegmental Area
	8
	-26
	-14
	 
	191

	Intraparietal Sulcus
	-18
	-66
	52
	 
	125

	Thalamus
	-12
	-14
	-2
	 
	72

	Contrast Analyses 
	 
	 
	 
	 
	 

	Donating time > Donating money
	 
	 
	 
	 
	 

	Ventromedial PFC
	10
	32
	-6
	-3.91
	414

	Middle Temporal Gyrus
	-60
	0
	-14
	-5.96
	220

	Temporal Pole
	56
	6
	-22
	-3.69
	192

	Ventral Striatum
	2
	16
	-6
	-4.12
	168

	Donating time < Donating money
	N/A

	Tracking time > Tracking money
	N/A

	Tracking time < Tracking money
	 
	 
	 
	 
	 

	L Cerebellum
	-46
	-66
	-36
	4.03
	424

	Precuneus
	-2
	-72
	34
	3.50
	288

	R Cerebellum
	40
	-66
	-38
	4.61
	275



Note, x, y, and z refer to MNI coordinates; t refers to the peak activation level in each cluster; k refers to the number of contiguous voxels in each significant cluster; L and R refer to the left and right hemispheres; PFC = Prefrontal Cortex and STS = Superior Temporal Sulcus.
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