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Introduction

The brain’s reward system encourages behaviour associated 
with a reward and discourages behaviour leading to punish-
ment. It is not the reward itself, but the expectation of a 
reward that strongly influences behaviour. Hence, the pros-
pect of a reward increases the cognitive effort invested in 
behavioure e.g., Di Rosa et al., 2015; Manga et al., 2020; 
Spaniol et al., 2014; Tonin & Vlassopoulos, 2014). Reward, 
however, can take many forms and it is not fully understood 
which type of reward works best. For example, in older 
adults, a social reward may lead to stronger cognitive effort 
than a financial reward because of age-related changes in 
the value attributed to them (Ferdinand & Czernochowski, 
2018; Freund & Blanchard-Fields, 2014). In addition, 
older adults seem more prosocial than younger adults as 
they donate more to charity, both in real life and in the 
laboratory (Cutler et al., 2021; Freund & Blanchard-Fields, 
2014; Spendenreport Schweiz 2022, 2022; but see Gong et 
al., 2019; Horn & Freund, 2021). Women may also differ 
from men as they are more prosocial (Cuter et al., 2021) 
and donate more to charity (Mesch et al., 2011; Piper & 
Schnepf, 2008; Spendenreport Schweiz 2022, 2022; Tonin 
& Vlassopoulos, 2014). It is unclear, however, whether the 
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Abstract
The prospect of a reward can enhance cognitive performance. For younger men financial gains, and for older adults and 
women prosocial rewards, seem particularly motivating. We therefore investigated whether adding a prosocial component 
to a financial reward enhanced cognitive performance and, if so, whether this depended on age or sex. We randomly 
assigned 571 participants to one of three reward types (financial reward, prosocial reward, or a combination of both) in 
a monetary incentive delay task. We used linear effects modelling to examine effects of age, sex, or reward type on trial 
accuracy, response time, and total performance. The prospect of a combined financial and prosocial reward increased 
performance in all participants with the increase of response speed particularly pronounced in younger adults. Only in 
men, a sole financial reward increased performance. Our study highlights the importance of choosing rewards wisely when 
designing studies that examine their influence on cognitive performance.
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opportunity to donate money to charity modulates cogni-
tion and if so, whether this is similar in younger and older 
adults or in men and women. If prosocial behaviour were 
specifically motivating for older adults and women, adding 
a prosocial component (i.e., donation) to a financial reward 
may be particularly useful to improve cognition in these 
populations.

In the lab, the monetary incentive delay task (Knutson et 
al., 2000; Wang et al., 2017), in which participants can earn 
a reward if they react both accurately and quickly, allows 
examining the influence of reward on cognitive perfor-
mance. This widely used task with which reward processing 
can be examined was developed based on instrumental con-
ditioning paradigms employed in animal studies (Schultz 
et al., 1997; Knutson et al., 2000). It consistently activates 
brain regions known to be associated with reward (e.g., the 
striatum) across different age groups. Using this task, some 
studies found that younger adults responded faster and more 
accurately than older adults when a financial reward was 
used (Dhingra et al., 2020; Spaniol et al., 2015; but see Opitz 
et al., 2022; Rademacher et al., 2014; Vink et al., 2015). 
Likewise, men responded faster than women with financial 
reward (Spreckelmeyer et al., 2009; Wang et al., 2017; but 
see Dhingra et al., 2021). It would be important to add a pro-
social component to a financial reward to test whether task 
performance improves similarly in younger and older men 
or women. This is an important question since the ability 
to tailor rewards according to age or sex may improve the 

experimental set-up used to study the underlying behaviour 
modification.

In the present study, we therefore tested the effects of 
three reward types (financial reward; prosocial reward 
[i.e., donation], or a combination of both) on performance 
enhancements in younger and older men and women. We 
hypothesized that in younger adults (particularly men) per-
formance enhancement are stronger with a financial than 
with a prosocial reward, or a combination. In addition, we 
hypothesized that prosocial rewards are most effective for 
enhancing older adults’ performance. Similarly, we hypoth-
esized that women are particularly motivated by a prosocial 
reward and consequently, their responses become faster and 
more accurate.

Methods and materials

Participants

We initially recruited N = 571 healthy volunteers for this 
online study. We randomly assigned them to one of three 
reward types (financial reward; prosocial reward [donation], 
or a combination of both), stratified by age and sex. We 
excluded 66 participants since task accuracy was < 25%. 
Another participant had to be excluded due to missing data. 
The final sample consisted of 280 younger adults (between 
20 and 30 years of age) and 224 older adults (between 60 
and 80 years of age; Table 1). All participants were fluent 
in German and were recruited by a panel provider (i.e., 
Respondi Cologne, Germany, https://www.respondi.com). 
No formal ethics approval was required for this study as con-
firmed by a formal inquiry to the Cantonal Ethics Commit-
tee Bern, Switzerland1. All participants provided informed 
consent and received credits on the panel platform as reim-
bursement. These credits (and their reward earnings) were 
provided to them either with vouchers for online shops or 
with money that would be transferred to their bank account.

Study procedure

Each participant received a personalised link by the panel 
provider. By clicking on that link, the participants were first 
asked to state their sex and year of birth. Then the mon-
etary incentive delay task followed. After completion, the 
participants were asked to rate their current economic situa-
tion and their health (5-point scale, ranging from 1 = ‘very 
bad’ to 5 = ‘very good’) as well as their donation frequency 

1   The Cantonal Ethics Committee Bern confirmed that this research 
does not fall under the Federal Act on Research involving Human 
Beings since we did not acquire any personal data from any of the 
participants at any time.

Table 1  Socio-demographic data (mean ± standard deviation) for the 
sample of younger and older adults receiving different types of reward 
(financial, prosocial, or a combination)

Reward type
Prosocial Combined Financial

Younger adults (n = 280)
n (female/male) 93 (56/37) 87 (45/42) 100 (56/44)
Age (years) 25.86 ± 2.95 24.79 ± 3.37 24.89 ± 3.25
Education (years) 14.3 ± 1.53 13.3 ± 1.4 14.2 ± 1.75
Health 4.1 ± 0.68 4.2 ± 0.61 4.25 ± 0.76
Donation frequency 1.9 ± 0.66 1.9 ± 0.60 1.9 ± 0.66
Thrift 2.3 ± 0.73 2.3 ± 0.84 2.4 ± 0.80
Financial situation 2.5 ± 0.70 2.4 ± 0.89 2.3 ± 0.71
Older adults (n = 224)
n (female/male) 79 (27/52) 71 (26/45) 74 (31/43)
Age (years) 67.61 ± 5.23 68.49 ± 5.09 68.12 ± 5.22
Education (years) 14.2 ± 1.82 14.4 ± 1.58 14.3 ± 1.64
Health 3.8 ± 0.64 4.0 ± 0.71 4.0 ± 0.56
Donation frequency 2.3 ± 0.62 2.4 ± 0.63 2.2 ± 0.63
Thrift 2.5 ± 0.77 2.6 ± 0.88 2.5 ± 0.93
Financial situation 2.3 ± 0.66 2.3 ± 0.77 2.3 ± 0.85
Note Higher values indicate better health, lower need to keep 
expenses low, higher donation frequency and lower satisfaction with 
financial situation
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(3-point scale, ranging from 1 = ‘never’ to 3 = ‘regularly’). 
Then, we asked them whether they agreed to the statements 
‘I need to keep my expenses low’ and ‘I worry about my 
financial situation’ (4-point scale, ranging from 1 = ‘true’ to 
4 = ‘not true’; Table 1), and participants in the conditions 
with a prosocial reward had to decide to which charity they 
wished to donate money (i.e., ‘Doctors without borders’, 
‘UNICEF’, ‘World Wildlife Fund’). The experiment lasted 
approximately 20 min.

Monetary incentive delay task

We presented the task with PsychoPy (v2020.1.3) hosted on 
Pavlovia, which is a secured server for running experiments 
online (https://www.pavlovia.org). We used an adapted 
version of the monetary incentive delay task (Wang et al., 
2017) that consists of a baseline block and a reward block. 
During the baseline block, participants needed to respond 
as quickly as possible to triangles or squares. Whenever a 
triangle appeared, they needed to press the left arrow key, 
while for squares, they needed to press the right arrow key. 
Participants were told that they would receive feedback 
whether they responded correctly (i.e., green tick for a cor-
rect response, red cross for an incorrect or missed response). 
After a short training of 20 trials during which the partici-
pants needed to answer correctly at least twice, the base-
line block began. Each trial started with a fixation cross 

presented in the centre of the screen for 0.6–1.0  s. Then, 
either of the two stimuli appeared for 0.8  s, followed by 
a fixation cross (for 1.4–1.8 s) and feedback (0.5 s). After 
20 trials, the baseline block ended, and the mean response 
time of all correct answers was calculated. Next, the reward 
block followed (Fig.  1). Again, they needed to press the 
left or right arrow key for triangles or squares. In contrast 
to the baseline condition, however, they were told that for 
some trials it would now be possible to gain points that 
would later be transformed into a reward. Depending on the 
reward condition, the participants were either informed that 
a reward can be earned (financial condition), that half of the 
reward can be earned, and the other half would be donated 
(combined condition), or that all the earnings would be 
donated (prosocial condition). A circle with a horizontal line 
indicated reward trials. In these trials, they could achieve a 
point for a correct answer that was faster than their mean 
baseline reaction time. Each point was equivalent to 0.5 
Swiss francs. Comparable to previous studies (e.g., Wang 
et al., 2017), participants needed a minimum of 29 points 
to finally receive the reward (i.e., 60% of 48 trials). A circle 
without a horizontal line indicated control trials where it 
was not possible to accumulate points. After a short training, 
the reward block started: First, a fixation cross was shown 
for 0.5 s. Then, a trial type indicator (i.e., either an empty 
circle or a circle with a horizontal line) appeared for 1  s, 
followed by a fixation cross and the stimulus (i.e., a square 

Fig. 1  Illustration of the monetary incentive delay task used in this 
study. We presented triangles or squares preceded by an empty circle 
(indicating a control trial) or by a circle with a horizontal line (indicat-
ing a reward trial). Only during reward trials, participants had the pos-
sibility to earn a reward by responding correctly and faster as during 

a baseline block. After their response, they received feedback whether 
the response was correct (green tick) or not (red cross) and fast enough 
to receive the reward (coin). Below the coin, we presented the number 
of coins received so far
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baseline performance (either trial accuracy or response 
time) as well as trial number as fixed effects. The mod-
els included participant-specific random effects for the 
intercept and the effect of trial type. Finally, we tested 
whether the participants achieved different total perfor-
mance scores depending on reward type, age, or sex (or 
their interactions) using a multivariate linear regression 
model. As these scores were aggregated (one measure-
ment per subject and not per trial), there was no need 
to model a hierarchical data structure and the assumed 
independence between observations were met.

We used marginal F-tests for linear models or likeli-
hood ratio tests (χ 2  distributed test-statistic) for binomi-
nal logit mixed models to test the significance of the 
predictive value of each factor. For significant factors or 
interactions, post-hoc pairwise t- or z-tests of estimated 
marginal means were examined. Interactions were further 
analysed by running contrasts between estimated means. 
For logistic models, estimated means on the logit scale 
were transformed to probabilities. For non-significant 
findings, we calculated Bayes Factors using BIC-approx-
imation (Raftery, 1999; Wagenmakers, 2007). No priors 
need to be specified with this approach. Since we were 
primarily interested whether reward influenced cogni-
tion, baseline task performance and other results will be 
reported in the Supplement. Full equations of each model 
as well as explained variance of each model can also be 
found in the Supplement.

We used R with RStudio (Version 2022.02.3) for sta-
tistical analysis and considered p < .05 statistically sig-
nificant. We used the packages lme4 (Bates et al., 2015), 
lmerTest (Kuznetsova et al., 2017), emmeans (Lenth 
et al., 2022) and MuMIn (Barton, 2022). We corrected 
for multiple comparisons using Bonferroni’s method. 
Degrees of freedom were estimated with Satterwhite’s 
method.

Results

Within the two age groups, participants in each reward 
condition (financial, prosocial, combined) were similar 
in age and sex as well as their perceived health, donation 
frequency, and satisfaction with their financial situation 
(Table 1). Older adults rated their subjective health to be 
lower than that of younger adults. In addition, their dona-
tion frequency was higher than that of younger adults. 
There were no significant differences within younger or 
older adults between reward conditions. Results of all 
F and χ 2  tests for examination of effects on trial accu-
racy, response time and performance score as well as all 
related post-hoc tests can be found in the Supplement 1.

or triangle). Trial type indicators and stimuli were presented 
in randomized order. Feedback was given depending on the 
trial type: For control trials, feedback was identical to the 
baseline block (i.e., red cross or green tick). For reward tri-
als, a red cross was shown if the answer was wrong or too 
late. A green tick was presented if the answer was correct 
but slower than the baseline response time and a 50-Rap-
pen coin (= 0.5 Swiss Francs) appeared if the answer was 
correct and faster than the baseline response time. The sum 
of all accumulated points was shown below the coin. The 
reward block consisted of 96 stimuli (50% reward trials). 
The participants were able to achieve 48 points in total and 
thus gain a maximum of 24 Swiss francs. At the end of the 
experiment, the sum of all achieved points was shown on 
the screen. If that sum was ≥ 29, the participants received 
the reward. Responses that were faster than 146 ms were 
excluded from statistical analysis (Berger & Kiefer, 2021; 
Whelan, 2008).

Statistical analysis

We used three outcome measures to assess the effect of 
reward type on performance improvement from control to 
reward trials. First, regardless of the time it took the par-
ticipants to respond we assessed response accuracy per 
trial. The second outcome was the response time for trials 
with correct responses. Third, we determined an overall 
performance score that is the number of correct responses 
to reward trials that were faster than the mean baseline 
response time.

For the outcome measures of response time and trial 
accuracy, we were particularly interested in how age, 
sex, and reward type modulated performance changes 
from control to reward trials. Thus, we tested whether 
there was a change in trial accuracy or response times 
depending on trial type, reward type, age, sex, or their 
interactions. We used a generalized linear mixed model 
with binomial distribution and logit link function for trial 
accuracy (dichotomous variable with 0 for incorrect or 
missed and 1 for correct responses) and a linear mixed 
effects model for response times (continuous variable). 
Compared to a repeated measures analysis of variance, 
mixed effects models can be more powerful and useful 
in analysing unbalanced, nested data that contain miss-
ing values. In this study, the mixed models allowed us 
to examine effects of sex, age as well as trial type and 
reward type on task performance at trial level (i.e., 
one observation per trial) while at the same time con-
trolling for hierarchical dependencies. Age (younger or 
older adults), sex (male or female), trial type (control or 
reward), and reward type (financial, prosocial, combina-
tion) were included as interacting fixed effects. We added 
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trial type and sex (χ2
(1) = 8.89, p = .003). In men (β = − 0.39, 

SE = 0.06, z = -6.34, p < .001) accuracy improved signifi-
cantly with a reward, while only a trend was observed for 
women (β = − 0.13, SE = 0.07, z = -1.88, p = .060). This 
effect of better performance due to a reward was sig-
nificantly stronger for men than for women (β = − 0.27, 
SE = 0.09, z = -2.95, p = .003). There was also a significant 
interaction for sex, trial type, and reward type (χ2 (2) = 6.18, 
p = .045, Fig. 3). Post-hoc tests revealed that women showed 
performance enhancements in the combined condition (β = 
− 0.28, SE = 0.128, z = -2.19, p = .029) but not in the other 
two conditions (all p > .338). In men, in contrast, trial accu-
racy was enhanced in the combined condition (β = − 0.535, 
SE = 0.107 z = -5.02, p < .001) and the financial condition 
(β = − 0.534, SE = 0.108, z = -4.95, p < .001), but not in the 
prosocial condition (p = .305). These results indicate that 
trial accuracy improved in men when the reward included 
a financial component while in women a combination of a 
financial and a prosocial reward was required. Analysing 
the age groups independently, we also found that younger 
men responded more accurately with a reward (p = .014; 
Table S26), and there was a similar trend in older men in the 
older adult group (p = .086). In addition, in younger adults, 
accuracy of responses improved differently depending on 
reward type (p = .062; Table S26). This indicates that effects 
we observe may be more pronounced in younger than older 
men.

Response times

In younger adults, responses became faster with a reward 
than in older adults

We found a significant effect of trial type (F(1, 500.5) = 201.32, 
p < .001) as responses were faster in reward trials (M = 0.496, 

Trial accuracy

Financial reward with and without a prosocial component 
enhanced accuracy

We found a significant fixed effect for trial type (χ2
(1) = 31.59, 

p < .001). The probability to respond correctly was signifi-
cantly higher in reward trials (P = .95, SE = 0.003) than in 
control trials (P = .93, SE = 0.003). This indicates that trial 
accuracy increased with a reward. Additionally, there was 
a significant interaction between reward type and trial type 
(χ2

(2) = 7.65, p = .022). Post-hoc tests revealed that trial 
accuracy was significantly higher in reward trials than in 
no reward trials in the combined condition (β = − 0.41, 
SE = 0.08, z = -4.9, p < .001) and the financial condition 
(β = − 0.263, SE = 0.08, z = -3.5, p < .001), but not in the 
prosocial condition (p = .157). When contrasting this effect 
between the three reward types, we found a significant 
effect only for the contrast between combined and prosocial 
condition (z = 2.71, p = .018) but not between any other con-
dition (p > .293). We next examined whether the increase in 
trial accuracy differed in younger and older participants. We 
found no significant effect for the interaction between age 
group and trial type (p = .882, BF10 = .005) or between age 
group, trial type, and reward group (p = .448, BF10 < .001). 
This indicates that we found no evidence to suggest that trial 
accuracy increased differently in younger and older adults 
with a reward (Fig. 2).

Women responded to financial reward only when it 
included a prosocial component

We went on to examine whether women and men differed in 
their performance increases motivated by a reward depend-
ing on its type. We found a significant interaction between 

Fig. 2  Increase in trial accuracy 
(in %) with rewards in younger 
(blue) and older (red) adults. 
The reward was either prosocial 
(donation), financial, or a combi-
nation of both (half of the money 
was donated). Higher scores indi-
cate an improvement. Error bars 
indicate standard errors of the 
mean. Significant at p < .001***
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reward was provided with younger adults responding par-
ticularly quickly.

Total performance score

Adding a prosocial component to a financial reward worked 
best to enhance performance

We found a main effect of reward type (F(2,492) = 3.21, 
p = .041) as scores were highest in the combined condition 
(M = 25.8, SE = 0.916), followed by the financial (M = 24.1, 
SE = 0.869), and then the prosocial condition (M = 22.7, 
SE = 0.892). Post-hoc tests revealed a significant difference 

SE = 0.003) than in control trials (M = 0.528, SE = 0.003). 
In addition, we found a significant interaction between age 
and trial type (F(1,500.6) = 55.81, p < .001), since younger 
adults (β = 0.048, SE = 0.003) became even faster when 
gaining a reward was possible than older adults (β = 0.015, 
SE = 0.004, Fig. 4). We did not find a significant effect of 
reward type (p = .401, BF10 < 0.001) nor significant inter-
actions of reward type and age (p = .219, BF10 < .001), sex 
and reward type (p = .184, BF10 < .001), or sex and trial type 
(p = .066, BF10 = .012). The results indicate that regardless 
of the type of reward, all participants became faster when a 

Fig. 4  Change in response 
times with reward in younger 
(blue) and older (red) adults. 
The reward was either proso-
cial (donation), financial, or a 
combination of both (half of the 
money was donated). Negative 
values indicate an improvement. 
Error bars indicate standard 
errors of the mean. Significant at 
p < .001***

 

Fig. 3  Increase in trial accuracy 
(in %) with reward in men (grey) 
and women (orange). The reward 
was either prosocial (donation), 
financial, or a combination of 
both (half of the money was 
donated). Higher scores indicate 
an improvement. Error bars 
indicate standard errors of the 
mean. Significant at p < .05*, 
p < .001***
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donated. Men, on the other hand, may be less influenced by 
expectations to behave prosocial. Therefore, they may have 
tried to maximize their outcome in both the financial and the 
combined condition. Since we did not assess why women or 
men enhanced performance in a specific condition, we can 
only speculate about what influenced their change in cogni-
tive performance. A possible next step could therefore be 
to assess fear of negative consequences for non-compliant 
behaviour. We would assume that women who expect pen-
alties would be most motivated to gain prosocial rewards, 
while women who do not expect penalties would rather 
increase their efforts in a financial condition or a combined 
condition.

We observed an interaction between sex, reward type, 
and trial type only for trial accuracy. There was no such 
interaction for response times. Accuracy independent of 
speed, speed independent of accuracy, and a combination of 
swift and accurate responses may reflect the activity of dif-
ferent brain regions and networks. Hence, it is important to 
examine different outcome measures in monetary incentive 
delay paradigms as they may result from different neuro-
nal processes. It has been shown, for example, that lower 
prefrontal activity shortly before stimulus presentation was 
associated with higher accuracy, while higher activity in the 
supplementary motor area just before stimulus presentation 
was linked to quicker responses (Perri et al., 2014). The 
results of our study may thus suggest that right prefrontal 
activity was lowest in men when a financial reward or a 
combined reward was provided. To test these assumptions 
in future studies, it will be important to test neural correlates 
of accuracy or speed in men and women in a similar task 
taking advantage of the different reward types.

Third, our results indicate that a reward had a greater 
motivational effect on performance in younger than in older 
adults as their response time improved more. Older adults 
are, in general, slower than younger adults (Forstmann et 
al., 2011). It has been suggested that older adults place 
greater emphasis on accuracy than on speed. In addition to 
a strategic choice, degeneration of white matter connections 
between cortex and striatum might be another reason for 
age-related slowing. Striatal activation releases the cortex 
to respond faster (but possibly less accurate). White mat-
ter integrity in cortico-striatal tracts that connect movement 
related areas to the striatum seems to be reduced in older 
adults thus limiting the maximum speed with which they 
can respond more than in younger adults. Older adults still 
managed to improve their speed with a reward. However, 
the extent of their improvement was significantly smaller 
than that of younger adults (see also Dhingra et al., 2020; 
Manga et al., 2020; Spaniol et al., 2015; Thurm et al., 2018; 
but Rademacher et al., 2014; Spaniol et al., 2014). Another 
factor might be a reduced sensitivity to rewards in older 

between the prosocial and the combined condition (t(492) = 
-2.465, p = .037) but not between the other conditions (all 
p > .379). We did not find a significant interaction between 
reward type and age (p = .575, BF10 = .002) or reward type 
and sex (p = .207, BF10 = .004). This indicates that regard-
less of age or sex, adding a prosocial component to financial 
reward worked best to enhance performance.

Discussion

In line with previous studies, we observed that, in general, 
providing a reward enhanced participants’ performance 
(e.g., Di Rosa et al., 2015; Manga et al., 2020; Spaniol et al., 
2014; Tonin & Vlassopoulos, 2014). In addition, we found 
that adding a prosocial component to a reward worked par-
ticularly well to boost performance. Our results contribute 
to the current understanding of what increases cognitive 
effort invested in task performance.

First, participants were particularly motivated when they 
donated half of the money they won to charity and kept the 
other half themselves. We found no evidence to support that 
age affected the influence of this combined reward on per-
formance. This suggests there may not be such a difference 
between younger and older people as proposed before with 
younger adults primarily increasing their performance when 
receiving financial rewards and older adults when receiving 
prosocial rewards (Cutler et al., 2021; Freund & Blanchard-
Fields, 2014; Mayr & Freund, 2020; Spendenreport Schweiz 
2022, 2022).

Second, men (particularly younger men) and women dif-
fered in their response to rewards. Men’s accuracy increased 
most in the financial condition, but they also improved in 
the combined condition. Women, however, improved only 
in the combined condition. This indicates that for both 
sexes, financial reward improves performance, but it must 
contain a prosocial component for women to be effective. 
There is evidence to suggest that in women, generosity is 
tied to social expectations. Women expect that other women 
are generous (Aguiar et al., 2009), and they fear negative 
consequences when they do not live up to this social norm 
(Heilman & Okimoto, 2007). Thus, women may internalize 
a propensity for altruism which should have led to the stron-
gest effects in the prosocial condition. Our results, however, 
indicate that even if they had a tendency for altruism that 
did not alone lead to greater cognitive effort in the proso-
cial condition (see also Tonin & Vlassopoulos, 2014; Yang 
et al., 2017) but only when an additional financial reward 
was offered. One possible explanation could be that only 
the combined condition allowed women to maximize their 
financial gains without the concern of facing negative con-
sequences for selfishness as half of their earnings were still 
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stronger than men for the potential benefit of others. 
Instead, they did so only when both they and others benefit-
ted equally. Indeed, the only group that tried to maximize 
their financial gains alone was that of younger men. The 
only difference that we observed regarding age was that the 
increase of response speed due to reward was particularly 
pronounced in younger adults. The results of our study have 
important conceptual and methodological implications as 
they highlight the importance of choosing a reward adjusted 
to age, sex, and performance outcome. The ability to tailor 
rewards according to age, sex, or performance outcome may 
improve the experimental set-up used to study the underly-
ing behaviour modification. In addition, theories of proso-
cial behaviour (for example, when and why people donate 
to charity or help others; Mayr & Freund, 2020) need to 
consider that altruism or generosity, though valuable in 
society, may not on its own enhance cognitive performance. 
Understanding the boundaries and contexts within which 
they operate in relation to cognitive abilities is crucial for a 
comprehensive understanding of human behaviour.
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adults due to age-related changes in the dopamine dependent 
reward system (Dreher et al., 2008; Seaman et al., 2019). 
However, it would be important to test why this was evident 
in response times but not in terms of accuracy. Future stud-
ies may consider using a similar experimental design as in 
our study for MRI investigations. Additionally, incorporat-
ing a questionnaire that directly queries participants about 
their priorities, i.e., accuracy or speed, could provide valu-
able insights. Such an approach could help discern whether 
the relatively smaller improvements in older adults are 
indeed a function of age-related white matter changes or due 
to strategic choices (or a combination of both).

Fourth, we observed a differential reward-related pattern 
for trial accuracy changes in men and women. The increase 
of accuracy was less pronounced in women than men when 
a reward was provided. This supports previous findings of 
lower reward sensitivity in women (Dhingra et al., 2021; 
Spreckelmeyer et al., 2009; Wang et al., 2017) possibly 
linked to the dopaminergic reward system (Hahn et al., 
2021; Soutschek et al., 2017).

Limitations

Our study was an online study and therefore, the experi-
ments are likely less well standardized than in the labora-
tory. We implemented control procedures and excluded 
participants with very low task performance. However, it 
is possible that some participants were distracted during 
task performance, and technical challenges, e.g., poor inter-
net connection or the computers that were used. Repeating 
the experiment under controlled conditions in the labora-
tory is therefore necessary. Another limitation might be 
that the participants were not able to decide whether they 
would like to donate some of their earnings. Rather than 
randomly assigning them to a condition, we could have let 
them pick and choose. Finally, it could be that they found 
the combined condition particularly fair and hence, put 
more cognitive effort in answering correctly. So it could 
be that assumed fairness rather than reward influences task 
performance. Adding a question to this end at the end of the 
experiments could provide more insight.

Conclusions

It has been suggested that prosocial rewards enhance cog-
nitive effort in older adults and women as they are more 
altruistic and attribute value to prosocial motives rather than 
to financial. Our results contradict that as no evidence was 
found to support that age affected the influence of differ-
ent reward types on performance or that women improved 
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