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Abstract 

Human prosocial behaviors are constantly shaped by the push-and-pull between societal need for 

cooperation and one’s natural tendency to self-prioritize. Nevertheless, it remains elusive how 

our valuation and perceptual systems might contribute to altruistic acts under the influence of a 

real-world crisis. Here, using computational modeling and a game-theoretic approach, we 

investigated how the coronavirus pandemic perturbed altruistic choices in the United States 

between April and May 2020. Overall, people made more altruistic choices as the pandemic 

became worse, an effect primarily driven by increased preference for social welfare. 

Paradoxically, participants also processed self-relevant information (i.e., “self-prioritization”) 

more efficiently at the perceptual level, as the pandemic became worse. These effects were not 

observed one year later (May-June, 2021) when the variability of the pandemic diminished. 

Furthermore, individuals’ prosocial choices and preferences did not correlate with their self-

prioritization efficiency. Collectively, these results revealed a more nuanced view of human 

altruism — that as a dynamic and context-dependent construct, altruism can co-exist with 

increased attention to the self.  



 3 

Introduction 

Prosocial behaviors are critical for the evolution of human cooperation and civilization 1,2. 

Accumulating data suggest that as a social species, humans have a strong inclination to behave 

altruistically, improving others’ welfare often at a cost to their own welfare 3-5. These acts are 

considered critical for maintaining group norms and survival in the long term 5,6 and are heavily 

shaped by the formation of human society. Despite its ubiquity, altruism is not a static construct. 

Instead, the extent to which humans exhibit altruistic behaviors can change dynamically and 

rapidly based on the context, as shown in previous laboratory studies 7,8. For example, altruism 

changes as a function of recipient identity — people donate more money to recipients with 

certain characteristics, such as those they believe to be “deserving” (i.e., an established charity) 

than others (e.g., an anonymous individual) 9. Moreover, people make less selfish choices and 

exhibit increased trustworthiness when they are under high stress environment (e.g., time or 

social pressures) 10,11. These experimental data pinpoint a context-dependent aspect of human 

altruism that is still not well understood at a mechanistic level. 

Crises are an extreme situation where prosocial behavior plays a pivotal role in ensuring 

cooperation and survival. Such adverse events are also known to elicit biologically rooted “fight-

or-flight” responses 12 which are encoded by brain structures preserved across species, 

supporting the automaticity and evolutionary nature of these self-prioritized perception and 

responses 13,14. In contrast, behaviors such as self-initiated rescue of stranded others and donation 

to those who lost their homes are widely observed following disasters like 9/11 or Hurricane 

Katrina, indicating that people do care about others’ wellbeing15. The push-and-pull between our 

perceptual and valuation systems make it debatable whether a crisis automatically makes people 

more selfish or more prosocial and how these two systems might interact to contribute to 

prosocial behavior 16. 

Thus far, much of the empirical work studying altruism was done in experimental settings with 

artificial manipulations of the context (e.g., stress), often sampling college students 17,18. It 

remains elusive how real-world events that take place outside the lab could impact altruistic 

behaviors in large diverse samples. The answer to this question is fundamental to understanding 

the role of altruism in coping with crises. Here, using the COVID-19 pandemic as a natural 

stressor that caused a significant perturbation to social cognition and behavior, we examined the 

dynamics of human altruism at both valuation and perceptual levels between April 2nd, 2020 and 

June 4th, 2020 (Fig 1A, B) — approximately spanning the first wave of the COVID-19 pandemic 

in the United States. A total of 1,512 current U.S. residents enrolled in our study on April 2nd, 

2020 (T1), and completed decision-making tasks every 14 days (i.e., at time points T1, T3, T5, 

T7, and T9; Fig. 1B) and self-reports every seven days (i.e., at all time points from T1 to T10; 

Fig. S1). A control study was conducted a year later (May – June 2021) as a comparison to the 

main study (see Methods for details). 

Specifically, each participant was asked to play both a modified version of dictator game (DG) 
19, a paradigm that has been extensively used to probe altruistic choices (Fig. 1C); and a 

perceptual task (self-tagging task; Fig. 1D) which quantifies how people perceptually prioritize 

self-relevant information over information pertaining others (i.e., self-prioritization) 20. Using 

computational modeling, we found that after controlling for the effects of time and demographic 

characteristics, altruistic choices — primarily driven by a greater preference for social welfare — 



 4 

increased as a function of the worsening of the pandemic over 9 weeks, indexed by a 7-day 

change in new cases. Paradoxically, people also prioritized self-relevant information at the 

perceptual level as the pandemic became worse. Nevertheless, such perceptual effect did not 

correlate with altruistic preferences or choices at any time point. Taken together, our results 

suggest that human altruism is a dynamic construct that can be amplified by the worsening of a 

naturalistic stressor (i.e., pandemic); and that humans’ natural tendency to self-prioritize at the 

perceptual level does not necessarily interfere with our ability to make altruistic choices during a 

time of extreme crisis. 

 

 

Figure 1. Data acquisition scheme and experiment design for the main study (2020 cohort). A. The 7-day change in 

new cases over behavior acquisition time points in each state (gray lines) and the USA average (red line) during 

April and May in 2020. The 7-day change was defined as the fractional change in new case number at one time 

point compared to new case number as of 7 days before. B. Data acquisition scheme, dropouts, and exclusions. ST, 

self-tagging task. C. An example trial of the dictator game. The monetary allocations in each option vary among 

trials. D. Examples of shape-label associations and two trials (one self-matched, the other stranger-matched) in the 

self-tagging task. Self-prioritization is quantified as the accuracy for self-matched pairs subtracted by the accuracy 

for stranger-matched pairs.  
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First, we investigated the extent to which participants displayed altruistic behaviors towards 

anonymous partners in the DG (Fig. 1C) over 9 weeks. In each round, two options of monetary 

allocation between self and an anonymous partner were displayed. Participants were asked to 

make a series of choices (24 trials) between two options where one was an altruistic option and 

the other was a selfish option. Each participant’s altruism level was defined as the probability of 

choosing the altruistic option across all trials. With a repeated-measures analysis of variance 

(ANOVA) test, we found a significant main effect of time, in that the percentage of altruistic 

choices generally decreased over time (F(4, 1984) = 8.47, p < 0.001, 𝜂𝑝
2 = 0.017; Fig. 2A). Post 

hoc analyses suggest that this effect was primarily contributed by a drop in altruistic levels from 

T1 to subsequent time points (all p values < 0.05).  

Importantly, we asked how altruistic choices were affected by the severity of the pandemic. To 

do so, we calculated the 7-day change in new cases for each week, a standard index representing 

how fast the pandemic was worsening. We then fit a linear mixed-effects model which estimated 

how the 7-day change in new cases predicted altruistic choice after controlling for data 

acquisition time, sex, and age (see Methods for details). We again found that the probability of 

altruistic choice was positively associated with the 7-day change (unstandardized β = 0.013, se = 

0.004, 95% confidence interval [CI] = 0.004 – 0.021, t(1754) = 2.925, p = 0.003; Fig. 2B), over 

and above the effects of time, sex, and age (see details in Table S1). Such an association was not 

observed against the number of new cases itself (unstandardized β = -8.36E-05, se = 5.79E-05, 

95% CI, -1.97E-04 – 3.00E-05, t(1433) = -1.445, p = 0.149; see details in Table S2). In other 

words, participants were more altruistic when there was a larger weekly increase in new cases in 

the week preceding the day of task completion. Taken together, these model-agnostic results 

demonstrate a positive impact of the crisis on increasing levels of altruism.  
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Figure 2. Altruism in the dictator game at each time point and its association with the 7-day change in new cases. A. 

Probability of altruistic choice at each time point in the 2020 cohort. B. The probability of altruistic choice against 

the 7-day change in new cases, pooling all time points in the 2020 cohort (Trend line: y = 0.013 x + 0.343). C. The 

model-based weight on social welfare at each time point in the 2020 cohort. D. The model-based weight on social 

welfare against the 7-day change in new cases, pooling all time points in the 2020 cohort (Trend line: y = 0.021 x + 

0.359). E. The model-based weight on total social surplus at each time point in the 2020 cohort. F. The model-based 

weight on total social surplus against the 7-day change in new cases, pooling all time points in the 2020 cohort. 

(Trend line: y = -0.006 x + 0.277). G. The inverse temperature at each time point in the 2020 cohort. H. The inverse 

temperature against the 7-day change in new cases, pooling all time points in the 2020 cohort (Trend line: y = -0.107 

x + 1.940). I. Probability of altruistic choice at each time point in the 2021 cohort. J. The probability of altruistic 

choice against the 7-day change in new cases, pooling all time points in the 2021 cohort (Trend line: y = -0.017 x + 

0.430). Trend lines were defined by the fixed effect obtained in mixed-model regression. 

Computational modeling reveals that the pandemic-modulated increase in altruistic choices 

was primarily driven by increased preference for social welfare  

To characterize the underlying motivations for altruistic choices, we constructed a computational 

model in which the utility of an option of monetary allocation was modulated by a social-welfare 

criterion 21 (see Methods for details). Two parameters were estimated based on participants’ 

choices in the DG at each time point; 𝛾 denoting the extent to which one cares about maximizing 

the social welfare (i.e., an aggregate of their own payoffs and other’s) over their own, and 𝛿 

denoting the extent to which one weighs maximizing the total social surplus against helping the 

worse-off person (self included). With parameter recovery (see Methods for details), we 

confirmed that all parameters could be identified independently (weight on social welfare: r = 

0.94, p < 0.001; weight on total social surplus: r = 0.88, p < 0.001; inverse temperature 𝜏: r = 

0.87, p < 0.001). 

We found a significant main effect of time for the model-based weight on social welfare (𝛾) 

(F(4, 1984) = 8.427, p < 0.001, 𝜂𝑝
2 = 0.017; Fig. 2C). Post hoc analyses suggest that this effect 

was primarily contributed by a drop in 𝛾 from T1 to subsequent time points (all p values < 0.05). 

Consistent with the model-agnostic measure of altruism, after controlling for time, sex, and age, 

𝛾 was positively associated with the 7-day change in new cases (unstandardized β = 0.021, se = 

0.007, 95% CI = 0.008 – 0.034, t(1765) = 3.193, p = 0.001; Fig. 2D), but not with the number of 

new cases per se (unstandardized β = -1.66E-04, se = 8.72E-05, 95% CI = -3.37E-04– 5.07E-06, 

t(1481) = -1.902, p = 0.057), see details in Table S1 & S2. In other words, people exhibited a 

stronger preference for social welfare when there was a higher weekly increase in new cases. 

We found an opposite, yet significant, effect of time on the weight on total social surplus (𝛿) 

(F(4, 1948) = 5.634, p < 0.001, 𝜂𝑝
2 = 0.011; Fig. 2E), with 𝛿 increasing from T1 to T5 (p < 

0.029) and from T1 to T7 (p = 0.002). However, 𝛿 was not associated with the 7-day change in 

new cases (unstandardized β = -0.006, se = 0.006, 95% CI = -0.018 – 0.007, t(1869) = -0.925, p 

= 0.355; Fig. 2F), nor with new case number per se (unstandardized β = 8.15E-05, se = 7.33E-

05, 95% CI = -6.22E-05 – 2.25E-04, t(1099) = 1.111, p = 0.267), see details in Table S1 & S2. 

Taken together, these results suggest as the pandemic worsened, increased level of altruistic 

behavior was primarily driven by increased concern for social welfare. 

We found a significant main effect of time for the model-based inverse temperature (𝜏) (F(4, 

1984) = 24.815, p < 0.001, 𝜂𝑝
2 = 0.048; Fig. 2G). Post hoc analyses found that 𝜏 increased from 

T1 to T3 (p < 0.001) , and continued to increase from T3 to T5 (p = 0.009). After controlling for 
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time, sex, and age, 𝜏 was negatively associated with the 7-day change in new cases 

(unstandardized β = -0.107, se = 0.044, 95% CI = -0.193 – -0.021, t(1918) = -2.437, p = 0.015; 

Fig. 2H), but not with the number of new cases per se (unstandardized β = 0.001, se = 4.67E-04, 

95% CI = -3.90E-05– 0.002, t(1052) = 1.876, p = 0.061), see details in Table S1 & S2. In other 

words, people’s choices were more diffuse and variable when there was a higher weekly increase 

in new cases. 

 

People also show heightened attention to self at the perceptual level 

The aforementioned results suggest that as the pandemic became more pressing, individuals 

made more altruistic choices overall. However, it remains unclear how these explicit prosocial 

choices might be related to perceptual processing of self-relevant information. Self-prioritization 

— at the perceptual level — is known to promote adaptation to complex and dynamically 

changing environments, and optimizing self-survival 20. Thus, one might expect that self-

prioritization would be enhanced during a pandemic. To examine this hypothesis, each 

participant completed a self-tagging task in which they learned associations between three 

geometric shapes and three people (self, their best friend, and a stranger), and were asked to 

indicate whether a shape-label pairing was correct or not (Fig. 1D, see Methods for details). At 

the first time point (T1), participants were more accurate for self-matched pairs (i.e., when the 

shape was the one associated with “self”, and correctly labeled) (mean ± standard deviation, 87.9 

± 12.4%) than stranger-matched pairs (75.1 ± 17.3%; paired-samples t (496) = 16.20, p < 0.001). 

As in previous studies 22, the difference in accuracy between self-matched and stranger-matched 

pairs was used as a measure of self-prioritization at each time point. 

Similar to the dictator game, we found a significant main effect of time (F(4,1984) = 14.14, p < 

0.001, 𝜂𝑝
2 = 0.028). However, self-prioritization actually reduced from T1 to T3 (p = 0.014) and 

from T3 to T7 (p = 0.038) (Fig. 3A). Importantly, self-prioritization was positively predicted by 

the 7-day change in new cases (unstandardized β = 0.015, se = 0.005, 95% CI = 0.006 – 0.025, 

t(2153) = 3.099, p = 0.002; Fig. 3B) beyond the effects of time, sex, and age (see details in Table 

S3), but not by the number of new cases per se (unstandardized β = -8.72E-06, se = 4.49E-05, 

95% CI = -9.68E-05–7.93E-05, t(1063) = -0.194, p = 0.846), see details in Table S3. In other 

words, participants became more efficient at percpetual processing of self-relevant stimuli when 

there was a larger weekly increase in new COVID-19 cases. We will examine how this 

perceptual effect directly relates to altruistic choices next. 

Altruistic choices and preferences were not predicted by self-prioritization at the perceptual 

level 

Thus far, we have observed that in spite of an increase in self-prioritization at the perceptual 

level, altruistic choices still became more frequent as the pandemic worsened. This raised the 

possibility that these two levels of processes might not be associated. To directly examine this 

possibility, we investigated whether self-prioritization in the self-tagging task was correlated 

with altruism in the DG (see Methods for details). Indeed, self-prioritization was not associated 

with the model-agnostic altruistic choices (unstandardized β = -0.009, se = 0.020, 95% CI = -

0.047 – 0.029, t(1928) = -0.467, p = 0.641), the model-based parameter 𝛾 representing concern 
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for social welfare (unstandardized β = -0.005, se = 0.030, 95% CI = -0.063 – 0.053, t(1971) = -

0.174, p = 0.862), the weight on social surplus 𝛿 (unstandardized β = -0.026, se = 0.028, 95% CI 

= -0.081 – 0.029, t(2098) = -0.914, p = 0.361), nor the inverse temperature 𝜏 (unstandardized β = 

0.165, se = 0.190, 95% CI = -0.209 – 0.538, t(2234) = 0.864, p = 0.388), see details in Table S4. 

Further pair-wise correlations confirmed that self-prioritization was not correlated with any of 

the measures in the DG at any of the time points (all p values > 0.05; Fig. 3C & 3D). The change 

in self-prioritization between adjacent time points was not predictive of the change in the 

altruistic choice either (unstandardized β = -0.022, se = 0.018, 95% CI = -0.058 – 0.014, t(1988) 

= -1.184, p = 0.237), the model-based parameter 𝛾 (unstandardized β = -0.039, se = 0.028, 95% 

CI = -0.0951 – 0.017, t(1988) = -1.374, p = 0.170), the model-based parameter 𝛿 (unstandardized 

β = -0.027, se = 0.028, 95% CI = -0.081 – 0.027, t(1988) = -0.972, p = 0.331), nor the model-

based parameter 𝜏 (unstandardized β = 0.289, se = 0.192, 95% CI = -0.087 – 0.665, t(1988) = 

1.508, p = 0.132), see details in Table S5. Again, we further calculated pair-wise correlations and 

confirmed that the change in self-prioritization was not correlated with change in any of the 

measures in the DG at any of the time points (all p values > 0.05). These results suggest an 

orthogonal, instead of co-dependent, relationship between social valuation and social perception 

under the influence of a crisis. 
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Figure 3. Self-prioritization in the self-tagging task at each time point and its association with the 7-day change in 

new cases and altruism. A. Self-prioritization at each time point in the 2020 cohort. B. Self-prioritization against the 

7-day change in new cases, pooling all time points in the 2020 cohort. Trend line was defined by the fixed effect 

obtained in mixed-model regression (y = 0.015 x + 0.063). C. Pearson correlation coefficients (r) for pairs of self-

prioritization in the self-tagging task and probability of altruistic choices as well as model-based parameters in the 

dictator game at each time point in the 2020 cohort. D. Self-prioritization at each time point in the 2021 cohort. E. 

Self-prioritization against the 7-day change in new cases, pooling all time points in the 2021 cohort (Trend line: y = 

-0.019 x + 0.084).  

2021 cohort: no change in altruism over time. 

To further confirm that the observed effect so far was specific to the rapidly unfolding state of 

the emergency of the pandemic that was characteristic to the spring of 2020, we collected data 

from a new cohort from May 7th, 2021 to June 4th 2021, during a time when the 7-day change in 

severity had a very different, less variable, pattern from the 2020 cohort (Fig. S2A). A total of 

355 current U.S. residents enrolled in this new cohort on May 7th, 2021 (week 1) and completed 

both DG and the self-tagging task every 14 days (i.e., at time points week 1, week 3, and week 5; 

Fig. S2B; see Methods for details).  

In the 2021 cohort, the change in new cases was relatively flat compared to that of the 2020 

cohort (Fig. S2A). The pattern of change in altruism was also flat – there was not a significant 

change over time in the percentage of altruistic choices (F(2, 376) = 0.833, p = 0.436, 𝜂𝑝
2 = 

0.004; Fig. 2I). The main effect of time for the model-based weight on social welfare (𝛾) was not 

significant either (F(2, 376 = 2.159, p = 0.117, 𝜂𝑝
2 = 0.011; Fig. S3A). These results in the new 

cohort support that the pandemic-modulated increase in altruistic choices, which was primarily 

driven by increased preference for social welfare, was specific to the first wave of the pandemic. 

In addition, we found similar effects of time on the weight on total social surplus and inverse 

temperature in the 2021 cohort as those in the 2020 cohort. Specifically, time had a significant 

impact on the weight on total social surplus (𝛿) in the 2021 cohort (F(2, 376) = 3.233, p = 0.042, 

𝜂𝑝
2 = 0.017; Fig. S3C), with 𝛿 having a trend of increase from week1 to week5 (p = 0.057). The 

effect of time on the model-based inverse temperature (𝜏) was also significant in the 2021 cohort 

(F(2, 376) = 13.077, p < 0.001, 𝜂𝑝
2 = 0.065; Fig. 3E), with 𝜏 increasing from week1 to week 5 (p 

< 0.001), as well as from week3 to week5 (p = 0.006). 

We also tested the association between altruism and the pandemic severity in the 2021 cohort, 

with the effects of time, sex, and age controlled. No significant association was found between 

altruism and the 7-day change in new cases (Fig. 2J & Fig. S3, see details in Table S6) or 

between altruism and the new case number per se (see details in Table S7). These findings also 

suggest that the pandemic-modulated increase in altruistic choices was specific to the first wave 

of the pandemic.  

In the self-tagging task, similarly to the 2020 cohort, we found a significant main effect of time 

in the 2021 cohort (F(2,376) = 6.924, p = 0.001, 𝜂𝑝
2 = 0.036). Self-prioritization reduced from 

week1 to week5 (p = 0.001) (Fig. 3D). However, self-prioritization was not associated with the 

7-day change in new cases (unstandardized β = -0.019, se = 0.017, 95% CI = -0.054 – 0.015, 

t(368.6) = -1.100, p = 0.272; Fig. 3E) after controlling for the effects of time, sex, and age (see 
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details in Table S8), nor with the number of new cases per se (unstandardized β = 1.06E-05, se = 

1.89E-04, 95% CI = -3.61E-04 – 3.82E-04, t(288.5) = 0.056, p = 0.955).  

Lastly, consistent with our findings in the 2020 cohort, self-prioritization in the 2021 cohort was 

not associated with the model-agnostic altruistic choices (unstandardized β = 0.040, se = 0.037, 

95% CI = -0.033 – 0.113, t(391.1) = 1.079, p = 0.281), the model-based parameter 𝛾 representing 

concern for social welfare (unstandardized β = 0.101, se = 0.057, 95% CI = -0.012 – 0.214, 

t(412.2) = 1.758, p = 0.080), the weight on social surplus 𝛿 (unstandardized β = 0.071, se = 

0.061, 95% CI = -0.048 – 0.190, t(442.4) = 1.163, p = 0.245), nor the inverse temperature 𝜏 

(unstandardized β = -0.266, se = 0.360, 95% CI = -0.973 – 0.440, t(460.2) = -0.739, p = 0.460; 

see details in Table S9). Further pair-wise correlations confirmed that self-prioritization was not 

correlated with any of the measures in the DG at any of the time points in the 2021 cohort (all p 

values > 0.05). Again, we further calculated pair-wise correlations and confirmed that the change 

in self-prioritization was not correlated with change in any of the measures in the DG at any of 

the time points in the 2021 cohort (all p values > 0.05).  

Overall, these results suggest that the main behavioral effects we observed during the first wave 

of the pandemic (spring 2020) were not found a year later (spring 2021), and that they were 

specifically tied to the initial worsening of the pandemic. 

 

Discussion 

While altruistic behaviors are common in human society, the effect of real-world crises on 

altruism has been long debated. Using the COVID-19 pandemic as a natural perturbation to 

human behavior, we demonstrated that participants made more choices that benefitted others 

more than themselves, as the pace of the pandemic became faster during the first wave of the 

pandemic; this effect was primarily driven by a heightened preference for social welfare over 

their own payoffs. We also found that individuals’ altruistic choices and preferences were not 

associated with their perceptual efficiency related to the self. Our results indicate that altruism is 

a context-dependent construct that can be elevated by the acceleration of a real-world crisis, and 

that social valuation and perception are dissociable processes during complex social decision-

making. 

At the first time point in the main study (April 2nd, 2020), around when the COVID-19 pandemic 

deteriorated most rapidly and nation-wide and stay-at-home orders were in effect in most states 
23, participants displayed the highest level of altruistic behaviors and preference for social 

welfare but the lowest weight on total social surplus in the DG. As time went by, and as the 

pandemic subsided in most states, people made less altruistic choices and had a decreased 

preference for social welfare but an increased weight on total social surplus. These results are 

consistent with previous findings in laboratory settings showing that altruism changes 

dynamically according to contextual manipulations such as stress17 and empathy induction18. 

Notably, after controlling for the impact of time and demographic characteristics, we found that 

people were still more altruistic and less selfish when there was a more severe deterioration of 

the COVID-19 crisis during the first wave, which also excludes the possibility that the changes 

in behavior were only driven by the simple repetition of the task. Further, our comparison study 

conducted in 2021 when the change in new cases was relatively flat found a flat pattern in the 
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altruistic choice, which further confirmed that the increase in altruism was specifically associated 

with the initial worsening of the pandemic in 2020. This result echoes previous findings showing 

increased prosociality both during crises 24,25 and in those who had experienced disaster and 

violence 26,27. In a similar vein, previous studies have revealed increased altruism in individuals 

who experienced past adverse life events, which was associated with a greater awareness of 

suffering, a heightened empathic concern, and a more positive orientation toward other people 28-

30.  

Our computational model took one step further by revealing that the increased altruism in the 

main study was primarily driven by an increased concern for social welfare during the first wave 

of the pandemic in 2020. Consistent with this finding, a recent study found that people displayed 

stronger intentions to avoid COVID-19 infection when the pandemic was framed as a public 

threat, which concerns the welfare of others, than when it was framed as a personal threat 31. 

Indeed, social preference – sacrificing one’s own benefit to increase the payoffs for all recipients 

– has been observed in a wide range of circumstances and has been associated with subjective 

reward 32,33. Previous studies have found that people increase altruistic behaviors toward poor or 

needy recipients 18,34. Potentially, as the COVID-19 pandemic rapidly unfolded and worsened, 

the distress and needs of others were more profound. Under such a crisis, people might have 

become more sensitive to the value of social welfare over one’s own benefits, which predisposed 

them toward altruistic choices. On the other hand, other studies have shown that people are more 

likely to maximize social welfare and act more altruistically when interacting with in-group 

members 35. Since social identity as a sense of membership in social groups is also context-

dependent36, a rapidly worsening pandemic could form an emergent social identity in people 

framing them as members of a “pandemic society” with shared goals and outcomes during the 

crisis, which could elevate their concerns for social welfare over self-interest37. 

At a perceptual level, humans prioritize information relevant to themselves, which may be an 

evolutionarily evolved instinct. The “fight-or-flight” response, for example, immediately 

increases the attention one pays to the self and improves adaptation to the environment when 

encountering uncertain or dangerous situations 20. Although our study did not measure 

physiological responses directly, the finding of increased self-prioritization as the pandemic 

worsened is consistent with the notion that individuals tend to focus more on self-relevant 

information in endangering times. Indeed, perhaps the rapidly changing environment during the 

COVID-19 pandemic made people more self-focused for adaptive purposes. Interestingly, this 

pandemic-modulated self-prioritization effect showed an opposite pattern from altruistic 

behaviors and preferences which actually increased as the pandemic worsened more rapidly; the 

two sets of measures were also completely dissociable from each other at every time point. We 

speculate that perceptual responses are more closely associated with self-preservation during the 

crisis, whereas altruistic choices might be more complex and involve higher-level cognitive 

processes.  

It should be noted that the DG in the current studies did not require participants to submit 

decisions within a limited time, so it is possible that early perceptual prioritization did play a role 

in information filtering and selection for altruistic decision-making but was attenuated by later 

cognitive processes. In line with this conjecture, a recent study had participants play the DG 

under high time pressure (1.5 seconds) and found that early attentional prioritization of the 

monetary outcomes for other over self (measured by the proportion of early gaze directed to 
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payoffs of self or other) was predictive of their altruistic choices 8. Furthermore, the authors 

showed that forcing individuals to attend to others’ payoffs rather than their own increased 

altruistic choices under time pressure but not in free responses. This hints at the role of 

perceptual-level prioritization during the early stages of altruistic decision-making and the 

potential involvement of higher-level cognitive processes during the later stages. Here, our 

findings suggest the perceptual-level prioritization was dissociable from valuation when 

assessing the impact of a crisis. Still, the potential interaction/dissociation of perceptual- and 

higher-level cognitive processes as well as their underlying neural circuits need to be 

systematically examined with future empirical studies.  

Some limitations of the current study should be noted. First, the contribution of local vs. nation-

wide COVID-19 severity cannot be fully disentangled. Our analyses were based on the severity 

of pandemic in each individual’s residential state, since we consider the pandemic situation in 

one’s own state was most salient to them. However, a person could be cognitively affected by the 

neighboring state(s), national-wide, or even the global COVID-19 severity, but our data will not 

reflect that. Second, our study quantified COVID-19 severity as well as its change based on daily 

new COVID-19 cases, which is a commonly reported indicator by the media in the United 

States. We should point out that the meaning of this indicator and how it reflects people’s 

perception of COVID-19 severity has been changing, because the number of tests had increased 

dramatically since the first wave. Third, our study examined altruism based on allocations of 

money which is a general symbol of value, but the dynamic of crisis-specific altruistic decision-

making, like donation of face masks and hand sanitizers in this case, is yet to be explored. 

Taken together, our results demonstrate that a real-world crisis can both increase perceptual-level 

self-prioritization and decrease selfish behaviors at the same time. This finding provides a more 

nuanced view of prosocial behaviors under the threat of survival, and has far-reaching 

implications for the understanding of the origin and motivation of human cooperation and 

altruism. 

 

Materials and Methods 

Participants 

Main study: the 2020 cohort. As displayed in Fig. 1A, 1512 participants (age (mean ± SD), 35.1 

± 13.1 years, range 18-77; 765 males, 736 females, 4 others, 7 unknowns because the subjects 

preferred not to say) enrolled in the online study on Prolific (www.prolific.co) on April 2nd, 

2020. Survey data collection was conducted within a 24-hour time window, every 7 days 

between April 2nd, 2020 and June 4th, 2020 (10 time points in total; Fig. S1), while task data 

collection was conducted within the same time window, every 14 days between the same time 

periods (5 time points in total; Fig. 1B). Exclusion criteria for data quality were: (1) voluntary 

dropping out of the study (567 or 37.5% of participants), (2) duplicate responses at any of the 5 

time points for task data collection, resulting in removal from the study (34 or 2.2% of 

participants), (3) failing to respond accurately to attention-check questions (e.g., “If you are 

paying attention, please select ‘most of the time’”) at any task data acquisition time point (198 or 

13.1% of participants)), and (4) having an accuracy below 50% in the self-tagging task at any 

time point (216 or 14.3% of participants). Overall, 497 participants (age, 35.4 ± 13.0 years, range 
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18 - 76; 255 males, 240 females, 2 others; from 48 states) completed all surveys and both tasks at 

every task data acquisition time point without failing any data quality check at any of these time 

points. Behavioral responses for different subsets of participants with valid responses at all or 

some of the time points for task data collection are presented in Fig. S4. Consistent patterns of 

behaviors in both tasks indicate that our findings may have not been biased by the data exclusion 

procedure. Participants received base compensation for their time each week ($7.25 for weeks 

that included both surveys and behavioral tasks, $3 for weeks that included only surveys), as 

well as a performance-based bonus. At week five, participants received an extra $10 bonus for 

completing half of the study, and at week 10, participants received an extra $15 bonus for 

completing the entire study. 

Comparison study: the 2021 cohort. As displayed in Fig. S2, a new cohort of participants (N = 

355; age, 33.9 ± 10.7 years, range 18-63; 173 males, 181 females, 1 unknown because the 

subject preferred not to say) enrolled in the follow-up study on Prolific on May 7th, 2021. None 

of the participants in the 2020 cohort were included in the 2021 cohort. Survey data collection 

was conducted biweekly between May 7th, 2021 and June 4th, 2021 (3 time points in total). 

Exclusion criteria for data quality were the same as the 2020 cohort. Overall, 189 participants 

(age, 35.5 ± 10.5 years, range 18 - 63; 92 males, 97 females; from 41 states) completed both 

tasks at every data acquisition time point without failing any data quality check at any of these 

time points. Behavioral responses for different subsets of participants with valid responses at all 

or some of the time points for task data collection are presented in Fig. S5. Again, consistent 

patterns of behaviors in both tasks indicate that our findings may have not been biased by the 

data exclusion procedure. Participants received base compensation for their time each week 

($4.35), as well as a performance-based bonus. At the last week, participants received an extra 

$10 bonus for completing the entire study. 

Informed consent was obtained from all participants via online consent forms. All experimental 

protocols were approved by the Institutional Review Board of the Icahn School of Medicine at 

Mount Sinai. All methods were performed in accordance with the relevant guidelines and 

regulations.  

Analyses and results based on self-report surveys in the 2020 cohort in the main study are 

reported elsewhere as they are outside the scope of this study. 

COVID-19 severity 

Data for COVID-19 prevalence per state since the beginning of records in the US and until June 

4th, 2020, as well as that from April 23rd, 2021 to June 4th, 2021 were obtained from New York 

Times (Sources: state and local health agencies. Population from Census Bureau.) 38. For each 

state, the number of new COVID-19 cases at each time point in our experiment was defined as 

the average of daily new cases per million in the 7 days prior to that time point (Fig. S1). To 

characterize how fast the pandemic was worsening, we calculated the 7-day change in new cases 

for each state. Specifically, it was defined as the fractional change in new case number at one 

time point compared to new case number as of 7 days before (Fig. 1A for the 2021 cohort; Fig. 

S2A for the 2021 cohort). For instance, the 7-day change in new cases at T3 for the 2020 cohort 

was the difference between new case number at T3 and T2 (7 days before T3) scaled by new 

case number at T2. 
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Behavioral tasks 

All participants, at each task data acquisition time point (i.e., T1, T3, T5, T7, and T9 in the 2020 

cohort; week1, week3, and week5 in the 2021 cohort), were asked to complete the 24 rounds of 

DG 19 (see details in Table S6), in which they chose between an altruistic option and a self-

interested option of monetary allocation between self and other (Fig. 1C). Four of the trials were 

catch trials for data quality control. 

At each task data acquisition time point, participants were instructed before the self-tagging task 
20  to learn associations between three geometric shapes and three people (self, their best friend, 

and a stranger). Then, in each trial of the self-tagging task, they were asked to indicate whether a 

shape-label pairing was correct (Fig. 1D). Each participant completed 107 trials in the task, 

composed of 20 self-matched pairs, 20 friend-matched pairs, 20 stranger-matched pairs, 10 self-

unmatched pairs, 10 friend-unmatched pairs, 10 stranger-unmatched pairs, and 17 null trials in 

which a fixation cross was presented on the screen for 2.1 seconds. 

Data analysis 

Altruistic choices in the DG. The percentage of altruistic choices in non-catch trials in the DG 

was used as an indicator of altruism. We investigated the fluctuation of altruistic choice over 

time with a repeated measure (data acquisition time: T1/T3/T5/T7/T9) analysis of variance 

(ANOVA) test in the 2020 cohort, and another repeated measure (data acquisition time: 

week1/week3/week5) ANOVA test in the 2021 cohort. 

Using linear mixed-effects regressions, in each cohort, we tested separately the effects of the 7-

day change in new cases and the number of new cases per se on altruistic choice over time, with 

slope and intercept included for random effects. We controlled for data acquisition time, sex, and 

age (altruistic choice ~ 7-day change in new cases + time + sex + age + (7-day change in new 

cases + time | participant); altruistic choice ~ new case number + time + sex + age + (new case 

number + time | participant)).  

Model-based analyses in the DG. As one of the models for social preference, the social-welfare 

model assumes that one prefers to increase the aggregate of their own payoffs and those of others 

(i.e., social welfare) during economic decision-making, caring especially about helping those 

with low payoffs 21. The utility of an option of monetary allocation is discounted by social-

welfare criterion: 

𝑈𝑖 = 𝑥𝑠𝑒𝑙𝑓 + 𝛾[(1 − 𝛿) min{𝑥𝑠𝑒𝑙𝑓, 𝑥𝑜𝑡ℎ𝑒𝑟} +  𝛿(𝑥𝑠𝑒𝑙𝑓 + 𝑥𝑜𝑡ℎ𝑒𝑟)], 

where 𝛾 ∈ (0,1) measures how much the participant cares about maximizing the social welfare, 

and 𝛿 ∈ (0,1) measures how much the participant cares about maximizing the total social 

surplus (i.e., (𝑥𝑠𝑒𝑙𝑓 + 𝑥𝑜𝑡ℎ𝑒𝑟)) versus helping the worse-off person (i.e., min{𝑥𝑠𝑒𝑙𝑓 , 𝑥𝑜𝑡ℎ𝑒𝑟}). 

Setting 𝛾 = 1 means that the participant cares no more (or less) about their own payoffs than 

others’ payoffs, while setting 𝛾 = 0 corresponds to a purely self-interested preference. Setting 

𝛿 = 1 corresponds to a total-surplus maximization while 𝛿 = 0 means that the social welfare is 

measured solely according to how well off the least well off is. 
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We computed the probability of participants’ choices according to the softmax function: 

𝑃(𝑜𝑝𝑡𝑖𝑜𝑛 1) =  
𝑒𝜏∙𝑈(𝑜𝑝𝑡𝑖𝑜𝑛1)

𝑒𝜏∙𝑈(𝑜𝑝𝑡𝑖𝑜𝑛1) + 𝑒𝜏∙𝑈(𝑜𝑝𝑡𝑖𝑜𝑛2)
 

Here, 𝜏 is the softmax inverse temperature parameter reflecting sensitivity to differences in 

utility, where the lower 𝜏 is, the more diffuse and variable the choices are (𝜏 > 0).  

All 24 trials and all choice data from five visits per participants were used for model parameter 

estimation. We used hierarchical Bayesian estimation 39,40, which assumed each individuals as 

random samples from a common group-level distribution. For each parameter (𝛾, 𝛿, and 𝜏), a 

group-level distribution was set as Gaussian with two hyperparameters—a group-mean and a 

group-standard deviation—and defined following noncentered parameterization 41. To constrain 

the range of parameters, we applied an exponential transformation for the inverse temperature 

and an inverse probit transformation for the other two weight parameters. All hyperparameters 

were estimated using uninformative priors (Normal(0, 10) for group-means and Cauchy(0, 2.5) 

with lower bound of zero for group-standard deviations), and we used Markov chain Monte 

Carlo (MCMC) sampling with the No-U-Turn variant of the Hamiltonian Monte Carlo technique 

implemented in Stan 42 and its interface to R 41. 5000 samples were drawn in each chain and the 

first 2000 samples were discarded for burn-in. Four chains were run in total and were visually 

inspected for convergence and good mixing. All values of the potential scale reduction factor 

(Rhat) for all the variables were less than 1.06 43. To examine individual differences within each 

parameter, medians were extracted from each individual’s parameter distribution.  

To assess the identifiability of our model, we conducted a simulation-recovery analysis after the 

parameters (𝛾, 𝛿, and 𝜏), were obtained. We fit the model to the simulated data and estimated 

parameters. The correlations between these parameters and the known generating parameters 

were then tested with Pearson correlation coefficient. A higher correlation coefficient indicates a 

more successful parameter recovery. 

We also investigated the change in 𝛾 (i.e., weight on social welfare) and 𝛿 (i.e., weight on total 

social surplus) over time with repeated measure (T1/T3/T5/T7/T9 in the 2020 cohort; 

week1/week3/week5 in the 2021 cohort) ANOVA tests.  

With linear mixed-effects regressions, in each cohort, we tested the effects of the 7-day change 

in new cases and the number of new cases per se on 𝛾 over time respectively, with slope and 

intercept included for random effects, controlling for data acquisition time, sex, and age (𝛾 ~ 7-

day change in new cases + time + sex + age + (time | participant); 𝛾 ~ new case number + time + 

sex + age + (time | participant)). The same analyses were also done for 𝛿 (𝛿 ~ 7-day change in 

new cases + time + sex + age + (time | participant); 𝛿 ~ new case number + time + sex + age + 

(time | participant)).  

Self-prioritization in the self-tagging task. Self-prioritization was measured by accuracy of 

self-matched (i.e., the label was self and shape was correctly paired) subtracted by that of 

stranger-matched (i.e., the label was stranger and shape was correctly paired) pairs. We first 

investigated the fluctuation of self-prioritization over time with a repeated measure (data 
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acquisition time: T1/T3/T5/T7/T9) ANOVA test in the 2020 cohort, and another repeated 

measure (data acquisition time: week1/week3/week5) ANOVA test in the 2021 cohort. 

Further, to examine the association between COVID-19 severity and self-prioritization over 

time, we used linear mixed-effects regressions. In each cohort, we tested the effects of the 7-day 

change in new cases and the number of new cases per se on self-prioritization separately, with 

slope and intercept included for random effects. We controlled for data acquisition time, sex, and 

age (self-prioritization ~ 7-day change in new cases + time + sex + age + (time | participant); 

self-prioritization ~ new case number + time + sex + age + (time | participant)).  

Association between self-prioritization and altruistic choice. To examine the association 

between self-prioritization and altruism over time, with linear mixed effect regressions, we tested 

the following effects with slope and intercept included for random effects, while controlling for 

time, sex and age: 

1) the effect of self-prioritization on altruistic choices over time in each cohort (altruistic choice 

~ self-prioritization + time+ sex + age + (time | participant)); 

2) the effect of self-prioritization on each of the model-based parameters in DG over time in each 

cohort (𝛾 ~ self-prioritization + time+ sex + age + (time | participant); 𝛿 ~ self-prioritization + 

time+ sex + age + (time | participant); 𝜏 ~ self-prioritization + time+ sex + age + (time | 

participant));  

3) the effect of the change in self-prioritization between adjacent time points on the change in 

altruistic choices over time in the 2020 cohort (change in altruistic choice ~ change in self-

prioritization + time + sex + age + (change in self-prioritization + time | participant)); 

4) the effect of the change in self-prioritization between adjacent time points on the change in 

each of the model-based parameters in DG over time in the 2020 cohort (change in 𝛾 ~ change in 

self-prioritization + time + sex + age + (time | participant); change in 𝛿 ~ change in self-

prioritization + time + sex + age + (time | participant); change in 𝜏 ~ change in self-prioritization 

+ time + sex + age + (time | participant)). 

Finally, to explore the correlations between self-prioritization and altruism in each cohort, 

Pearson correlation coefficients were calculated for pairs of self-prioritization in the self-tagging 

task and the probability of altruistic choices as well as model-based parameters in the DG. 

Correlations were done for these measures at each time point and for changes in these measures 

between adjacent time points. 

Statistical analyses 

Mixed model regressions were implemented with lme4 44 and lmerTest 45 packages in R studio 

software 46 (version 1.0.136) and R software 47 (version 3.3.3). ANOVA tests, t tests, correlations 

(Pearson’s correlation coefficient;  multiple comparisons corrected by Benjamini-Hochberg false 

discovery rate), and Levene’s test of homogeneity of variance were implemented using SPSS 

(IBM SPSS Statistics Version 21.0, IBM Corp.). All p values are 2-tailed. Significance was set at 

p < .05. 
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1 Supplementary Figures 

 

 
Figure S1. Complete data acquisition scheme of the study and new cases per million at each time point for the 2020 

cohort. 
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Figure S2. Data acquisition scheme and subject distribution for the 2021 cohort. A. The 7-day change in new cases 

over behavior acquisition time points in each state (gray lines) and the USA average (red line). B. Data acquisition 

scheme, dropouts and exclusions. ST, self-tagging task. C. Number of subjects in the 2020 cohort in each state. D. 

Number of subjects in the 2021 cohort in each state. 
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Figure S3. Model-based estimates for altruism in the dictator game at each time point and its association with the 7-

day change in new cases in the 2021 cohort. A. The model-based weight on social welfare at each time point in the 

2021 cohort. B. The model-based weight on social welfare against the 7-day change in new cases, pooling all time 

points in the 2021 cohort. C. The model-based weight on total social surplus at each time point in the 2021 cohort. 

D. The model-based weight on total social surplus against the 7-day change in new cases, pooling all time points in 

the 2021 cohort. E. The inverse temperature at each time point in the 2021 cohort. F. The inverse temperature 

against the 7-day change in new cases, pooling all time points in the 2021 cohort. Trend lines were defined by the 

fixed effect obtained in mixed-model regression. 
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Figure S4. Altruistic choice and self-prioritization trends in different subsets of participants in the 2020 cohort. The 

blue line depicts altruistic choice (left panel) and self-prioritization (right panel) from participants with valid 

responses at both T1 and T3 (n = 891), including those who later dropped out or were excluded. The yellow line 

depicts scores from participants who successfully completed all task data collection during the 9 weeks (n = 497). All 

other lines depict intermediate subsets of participants. Shaded area represents standard error of the mean. 

 

 

 
Figure S5. Altruistic choice and self-prioritization trends in different subsets of participants in the 2021 cohort. The 

blue line depicts altruistic choice (left panel) and self-prioritization (right panel) from participants with valid 

responses on both week 1 and week 3 of data collection (n = 233), including those who later dropped out or were 

excluded. The yellow line depicts scores from participants who successfully completed all task data collection during 

the 5 weeks (n = 189). Shaded area represents standard error of the mean. 
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2 Supplementary Tables 

Table S1. linear mixed-effects regression results for altruism predicted by 7-day change in new cases in the 2020 

cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval 
degrees 

of 

freedom 

t p 

lower upper 

altruistic choice ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change 0.013 0.004 0.004 0.021 1754.0 2.925 0.003 

time -0.005 0.003 -0.011 0.001 799.1 -1.705 0.089 

sex (female vs. male) -0.088 0.020 -0.128 -0.048 497.0 -4.336 <0.001 

sex (other vs. male) -0.150 0.161 -0.465 0.164 497.1 -0.937 0.349 

age -3.60E-04 0.001 -0.002 0.001 497.1 -0.459 0.646 

γ ~ 7-day change in new cases  + time + sex + age + (time | participant) 

7-day change 0.021 0.007 0.008 0.034 1765.0 3.193 0.001 

time -0.005 0.004 -0.014 0.003 828.4 -1.249 0.212 

sex (female vs. male) -0.067 0.027 -0.120 -0.013 497.0 -2.452 0.015 

sex (other vs. male) -0.224 0.215 -0.644 0.197 497.0 -1.042 0.298 

age -0.001 0.001 -0.003 0.001 497.0 -0.731 0.465 

δ ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change -0.006 0.006 -0.018 0.007 1869.0 -0.925 0.355 

time 0.008 0.004 0.001 0.016 901.9 2.215 0.027 

sex (female vs. male) -0.139 0.022 -0.182 -0.095 496.9 -6.251 <0.001 

sex (other vs. male) -0.233 0.175 -0.575 0.109 497.0 -1.336 0.182 

age -0.001 0.001 -0.003 0.001 497.0 -1.216 0.225 

τ ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change -0.107 0.044 -0.193 -0.021 1918.0 -2.437 0.015 

time 0.131 0.025 0.083 0.179 961.7 5.306 <0.001 

sex (female vs. male) -0.293 0.115 -0.518 -0.068 496.8 -2.556 0.011 

sex (other vs. male) 0.630 0.903 -1.139 2.400 496.9 0.698 0.485 

age 0.002 0.004 -0.006 0.011 496.8 0.542 0.588 
# unstandardized coefficient  
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Table S2. linear mixed-effects regression results for altruism predicted by new case number in the 2020 cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval 

degrees of 

freedom 
t p 

lower upper    

altruistic choice ~ new case number + time + sex + age + (time | participant) 

new case number -8.36E-05 5.79E-05 -1.97E-04 3.00E-05 1433.0 -1.445 0.149 

time -0.009 0.003 -0.014 -0.004 496.0 -3.612 <0.001 

sex (female vs. male) -0.089 0.020 -0.129 -0.048 497.0 -4.339 <0.001 

sex (other vs. male) -0.145 0.161 -0.461 0.172 498.2 -0.902 0.368 

age -4.38E-04 0.001 -0.002 0.001 499.1 -0.557 0.578 

γ ~ new case number + time + sex + age + (time | participant) 

new case number -1.66E-04 8.72E-05 -3.37E-04 5.07E-06 1481.0 -1.902 0.057 

time -0.012 0.004 -0.020 -0.005 496.6 -3.367 0.001 

sex (female vs. male) -0.067 0.027 -0.120 -0.014 497.0 -2.457 0.014 

sex (other vs. male) -0.214 0.215 -0.634 0.207 497.9 -0.995 0.320 

age -0.001 0.001 -0.003 0.001 499.0 -0.840 0.402 

δ ~ new case number + time + sex + age + (time | participant) 

new case number 8.15E-05 7.33E-05 -6.22E-05 2.25E-04 1099.0 1.111 0.267 

time 0.010 0.003 0.004 0.017 496.9 3.301 0.001 

sex (female vs. male) -0.139 0.022 -0.182 -0.095 497.0 -6.253 <0.001 

sex (other vs. male) -0.241 0.175 -0.583 0.101 498.6 -1.380 0.168 

age -0.001 0.001 -0.003 0.001 499.7 -1.137 0.256 

τ ~ new case number + time + sex + age + (time | participant) 

new case number 0.001 4.67E-04 -3.90E-05 0.002 1052.0 1.876 0.061 

time 0.167 0.020 0.128 0.206 497.1 8.368 <0.001 

sex (female vs. male) -0.293 0.115 -0.517 -0.068 497.0 -2.557 0.011 

sex (other vs. male) 0.573 0.902 -1.194 2.340 498.5 0.635 0.526 

age 0.003 0.004 -0.006 0.012 500.0 0.693 0.489 
# unstandardized coefficient 
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Table S3. linear mixed-effects regression results for self-prioritization in the 2020 cohort.  

Predictor β 
standard 

error 

95% confidence 

interval 

degrees of 

freedom 
t p 

lower upper    

self-prioritization ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change 0.015 0.005 0.006 0.025 2153.0 3.099 0.002 

time -0.009 0.003 -0.014 -0.004 1605.0 -3.404 0.001 

sex (female vs. male) 0.002 0.008 -0.013 0.017 512.2 0.305 0.761 

sex (other vs. male) -0.067 0.061 -0.187 0.052 512.3 -1.111 0.267 

age 0.001 2.97E-04 0.001 0.002 512.1 4.690 <0.001 

self-prioritization ~ new case number + time + sex + age + (time | participant) 

new case number -8.72E-06 4.49E-05 -9.68E-05 7.93E-05 1063.0 -0.194 0.846 

time -0.014 0.002 -0.018 -0.010 1204.0 -6.849 <0.001 

sex (female vs. male) 0.002 0.008 -0.013 0.018 512.4 0.323 0.747 

sex (other vs. male) -0.069 0.061 -0.188 0.051 513.8 -1.130 0.259 

age 0.001 2.98E-04 0.001 0.002 516.0 4.663 <0.001 
# unstandardized coefficient  
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Table S4. linear mixed-effects regression results for altruism predicted by self-prioritization in the 2020 cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval 

degrees of 

freedom 
t p 

lower upper    

altruistic choice ~ self-prioritization in new cases + time + sex + age + (time | participant) 

self-prioritization -0.009 0.020 -0.047 0.029 1928.0 -0.467 0.641 

time -0.009 0.003 -0.014 -0.004 507.1 -3.628 <0.001 

sex (female vs. male) -0.088 0.020 -0.128 -0.048 497.0 -4.330 <0.001 

sex (other vs. male) -0.155 0.161 -0.469 0.160 497.1 -0.964 0.336 

age -3.66E-04 0.001 -0.002 0.001 498.1 -0.466 0.641 

γ ~ self-prioritization + time + sex + age + (time | participant) 

self-prioritization -0.005 0.030 -0.063 0.053 1971.0 -0.174 0.862 

time -0.012 0.004 -0.020 -0.005 507.6 -3.342 0.001 

sex (female vs. male) -0.067 0.027 -0.120 -0.013 497.0 -2.447 0.015 

sex (other vs. male) -0.228 0.215 -0.649 0.193 497.1 -1.062 0.289 

age -0.001 0.001 -0.003 0.001 498.5 -0.736 0.462 

δ ~ self-prioritization + time + sex + age + (time | participant)     

self-prioritization -0.026 0.028 -0.081 0.029 2098.0 -0.914 0.361 

time 0.010 0.003 0.004 0.016 510.0 3.146 0.002 

sex (female vs. male) -0.138 0.022 -0.182 -0.095 497.1 -6.246 <0.001 

sex (other vs. male) -0.234 0.174 -0.575 0.108 497.2 -1.339 0.181 

age -0.001 0.001 -0.003 0.001 498.9 -1.165 0.245 

τ ~ self-prioritization + time + sex + age + (time | participant)     

self-prioritization 0.165 0.190 -0.209 0.538 2234.0 0.864 0.388 

time 0.169 0.020 0.129 0.208 511.5 8.377 <0.001 

sex (female vs. male) -0.294 0.115 -0.519 -0.070 496.5 -2.568 0.011 

sex (other vs. male) 0.666 0.902 -1.102 2.434 496.7 0.738 0.461 

age 0.002 0.004 -0.006 0.011 499.7 0.511 0.610 
# unstandardized coefficient 
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Table S5. linear mixed-effects regression results for change in altruism predicted by change in self-prioritization in 

the 2020 cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval 

degrees of 

freedom 
t p 

lower upper    

change in altruistic choice ~ change in self-prioritization + time + sex + age + (time | participant) 

change in self-

prioritization -0.022 0.018 -0.058 0.014 1988 -1.184 0.237 

time 0.007 0.003 0.001 0.014 1988 2.223 0.026 

sex (female vs. male) 0.012 0.007 -0.002 0.027 1988 1.662 0.097 

sex (other vs. male) -0.084 0.058 -0.197 0.029 1988 -1.453 0.146 

age 4.78E-04 2.82E-04 -7.43E-05 0.001 1988 1.696 0.090 

change in γ ~ change in self-prioritization + time + sex + age + (time | participant) 

change in self-

prioritization -0.039 0.028 -0.095 0.017 1988 -1.374 0.170 

time 0.012 0.005 0.002 0.022 1988 2.408 0.016 

sex (female vs. male) 0.009 0.011 -0.014 0.031 1988 0.755 0.450 

sex (other vs. male) -0.084 0.089 -0.258 0.090 1988 -0.948 0.343 

age 3.90E-04 4.34E-04 -4.60E-04 0.001 1988 0.899 0.369 

change in δ ~ change in self-prioritization + time + sex + age + (time | participant) 

change in self-

prioritization -0.027 0.028 -0.081 0.027 1988 -0.972 0.331 

time -0.011 0.005 -0.021 -0.002 1988 -2.352 0.019 

sex (female vs. male) -0.008 0.011 -0.029 0.014 1988 -0.712 0.476 

sex (other vs. male) 0.004 0.086 -0.165 0.173 1988 0.043 0.965 

age 0.001 4.21E-04 4.92E-05 0.002 1988 2.077 0.038 

change in τ ~ change in self-prioritization + time + sex + age + ( time | participant) 

change in self-

prioritization 0.289 0.192 -0.087 0.665 1988 1.508 0.132 

time -0.095 0.034 -0.161 -0.029 1988 -2.803 0.005 

sex (female vs. male) -0.074 0.076 -0.223 0.075 1988 -0.970 0.332 

sex (other vs. male) 0.368 0.600 -0.808 1.543 1988 0.613 0.540 

age 0.000 0.003 -0.006 0.005 1988 -0.111 0.911 
# unstandardized coefficient 
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Table S6. linear mixed-effects regression results for altruism predicted by 7-day change in new cases in the 2021 

cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval 

degrees of 

freedom 
t p 

lower upper    

altruistic choice ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change -0.017 0.014 -0.045 0.011 343.6 -1.207 0.228 

time -0.006 0.007 -0.020 0.008 220.7 -0.821 0.412 

sex (female vs. male) -0.040 0.036 -0.111 0.032 188.8 -1.090 0.277 

age -0.002 0.002 -0.006 0.001 188.7 -1.348 0.179 

γ ~ 7-day change in new cases  + time + sex + age + (time | participant) 

7-day change -0.028 0.022 -0.071 0.016 338.4 -1.257 0.210 

time -0.003 0.011 -0.024 0.018 219.3 -0.275 0.783 

sex (female vs. male) -0.026 0.047 -0.118 0.067 189.1 -0.545 0.586 

age -0.003 0.002 -0.007 0.002 189.0 -1.144 0.254 

δ ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change 0.019 0.023 -0.027 0.064 328.7 0.808 0.420 

time 0.029 0.012 0.006 0.051 220.2 2.475 0.014 

sex (female vs. male) -0.034 0.038 -0.109 0.040 188.9 -0.909 0.365 

age -0.003 0.002 -0.006 0.001 188.7 -1.493 0.137 

τ ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change 0.008 0.140 -0.267 0.282 342.3 0.054 0.957 

time 0.295 0.069 0.159 0.431 220.7 4.253 <0.001 

sex (female vs. male) -0.161 0.198 -0.550 0.227 189.2 -0.815 0.416 

age 0.010 0.009 -0.009 0.028 189.1 1.044 0.298 
# unstandardized coefficient 
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Table S7. linear mixed-effects regression results for altruism predicted by new case number in the 2021 cohort.  

Predictor β 
standard 

error 

95% confidence 

interval degrees of 

freedom 
t p 

lower upper 

altruistic choice ~ new case number + time + sex + age + (time | participant) 

new case number -3.34E-07 1.97E-04 -3.87E-04 3.87E-04 287.6 -0.002 0.999 

time -0.002 0.011 -0.023 0.019 282.7 -0.202 0.840 

sex (female vs. male) -0.038 0.036 -0.110 0.033 188.7 -1.059 0.291 

age -0.002 0.002 -0.006 0.001 188.5 -1.380 0.169 

γ ~ new case number + time + sex + age + (time | participant) 

new case number -4.88E-05 3.01E-04 -0.001 0.001 290.5 -0.162 0.871 

time 0.001 0.016 -0.030 0.032 277.6 0.061 0.951 

sex (female vs. male) -0.024 0.047 -0.116 0.068 189.0 -0.515 0.607 

age -0.003 0.002 -0.007 0.002 188.9 -1.170 0.243 

δ ~ new case number + time + sex + age + (time | participant) 

new case number 0.034 0.016 0.002 0.066 293.1 2.104 0.036 

time 2.27E-04 2.94E-04 -3.49E-04 0.001 276.0 0.771 0.441 

sex (female vs. male) -0.037 0.038 -0.111 0.038 189.4 -0.964 0.336 

age -0.003 0.002 -0.006 0.001 189.2 -1.448 0.149 

τ ~ new case number + time + sex + age + (time | participant) 

new case number -0.001 0.002 -0.004 0.003 289.3 -0.378 0.705 

time 0.266 0.097 0.075 0.456 300.1 2.726 0.007 

sex (female vs. male) -0.159 0.198 -0.546 0.228 187.0 -0.805 0.422 

age 0.010 0.009 -0.009 0.028 186.8 1.036 0.302 
 # unstandardized coefficient 
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Table S8. linear mixed-effects regression results for self-prioritization in the 2021 cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval degrees of 

freedom 
t p 

lower upper 

self-prioritization ~ 7-day change in new cases + time + sex + age + (time | participant) 

7-day change -0.019 0.017 -0.054 0.015 368.6 -1.100 0.272 

time -0.006 0.015 -0.035 0.023 214.7 -0.398 0.691 

sex (female vs. male) 0.002 0.001 0.000 0.003 214.3 2.562 0.011 

age -0.032 0.009 -0.049 -0.015 281.2 -3.700 <0.001 

self-prioritization ~ new case number + time + sex + age + (time | participant) 

new case number 1.06E-05 1.89E-04 -3.61E-04 3.82E-04 288.5 0.056 0.955 

time -0.005 0.015 -0.035 0.024 214.2 -0.363 0.717 

sex (female vs. male) 0.002 0.001 4.13E-04 0.003 214.0 2.540 0.012 

age -0.027 0.011 -0.049 -0.005 361.4 -2.444 0.015 
# unstandardized coefficient 
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Table S9. linear mixed-effects regression results for altruism predicted by self-prioritization in the 2021 cohort.  

Predictor β# 
standard 

error 

95% confidence 

interval degrees of 

freedom 
t p 

lower upper 

altruistic choice ~ self-prioritization in new cases + time + sex + age + (time | participant)   

self-prioritization 0.040 0.037 -0.033 0.113 391.100 1.079 0.281 

time -0.001 0.006 -0.014 0.012 195.300 -0.154 0.878 

sex (female vs. male) -0.038 0.036 -0.109 0.033 188.600 -1.051 0.295 

age -0.002 0.002 -0.006 0.001 188.900 -1.408 0.161 

γ ~ self-prioritization + time + sex + age + (time | participant)       

self-prioritization 0.101 0.057 -0.012 0.214 412.200 1.758 0.080 

time 0.006 0.010 -0.013 0.025 195.400 0.613 0.541 

sex (female vs. male) -0.024 0.047 -0.116 0.069 188.500 -0.505 0.614 

age -0.003 0.002 -0.007 0.002 189.100 -1.234 0.219 

δ ~ self-prioritization + time + sex + age + (time | participant)       

self-prioritization 0.071 0.061 -0.048 0.190 442.400 1.163 0.245 

time 0.026 0.010 0.006 0.047 194.900 2.529 0.012 

sex (female vs. male) -0.035 0.038 -0.110 0.040 188.500 -0.919 0.359 

age -0.003 0.002 -0.006 0.001 189.300 -1.522 0.130 

τ ~ self-prioritization + time + sex + age + (time | participant)       

self-prioritization -0.266 0.360 -0.973 0.440 460.200 -0.739 0.460 

time 0.286 0.063 0.162 0.411 195.200 4.515 <0.001 

sex (female vs. male) -0.163 0.198 -0.552 0.225 188.700 -0.824 0.411 

age 0.010 0.009 -0.008 0.029 189.900 1.088 0.278 
# unstandardized coefficient 
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Table S10. Monetary allocations in each trial 

selfish option altruistic option catch 

trial# self other self other 

3.5 4 2 19 n 

4 3 3 9 n 

5 5 7 5.5 y 

5 7 6 8 y 

6 1 5 19 n 

6 2 4 4 n 

6 3 5 11 n 

6 5 5 14 n 

6 7 4 8 n 

6 10 5 13 n 

7 1 6 16 n 

7 3 3 19 n 

8 6 6 20 n 

8 10 7 12 n 

9 2 6 17 n 

9 2 5 5 n 

10 1 5 14 n 

10 5 7.5 7 n 

10 5 15 7 y 

10 11 13 12 y 

11 4 2 20 n 

12 4 2 19 n 

12 10 3 12 n 

14 6 12 8.5 n 
# Four of the trials were catch trials for data quality control. n, no; y, yes.  

 


