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Women compared with men work 
harder for small rewards
Carolin A. Lewis 1,2,3, Melina Grahlow 1,4, Anne Kühnel 1,5, Birgit Derntl 1* & 
Nils B. Kroemer 1,5*

In cost–benefit decision-making, women and men often show different trade-offs. However, 
surprisingly little is known about sex differences in instrumental tasks, where physical effort is exerted 
to gain rewards. To this end, we tested 81 individuals (47 women) with an effort allocation task, 
where participants had to repeatedly press a button to collect food and money tokens. We analyzed 
the motivational phases of invigoration and effort maintenance with varying reward magnitude, 
difficulty, and reward type. Whereas women and men did not differ in invigoration, we found that 
women showed higher effort maintenance as well as higher subjective wanting and exertion ratings 
for small rewards compared with men. Notably, men increased their effort more than women for 
higher rewards to match women’s levels of performance. Crucially, we found no sex differences 
depending on reward type or difficulty, indicating that sex differences were specific to the encoding 
of the magnitude of benefits, not costs. To summarize, women exerted higher physical effort for 
small rewards, which corresponded with an elevated subjective value in women compared with men. 
Therefore, sex differences in perceived reward magnitude may contribute to differential behavioral 
preferences highlighting the potential of cost–benefit decision-making to provide insights about 
potential mechanisms.

No bees, no honey—no work, no money. The willingness to expend effort is critical in human behavior. The 
amount of effort we spend depends on the goals we pursue: we study more to get good grades or exercise harder 
for a bikini body. Put formally, we determine whether an action is worth pursuing by integrating potential benefits 
with the cost of an action, which is reflected in a cost–benefit trade-off1,2.

Cost–benefit valuations are extensively researched in the decision-making literature (e.g.3,4), in particular 
how decision costs such as delay or uncertainty decrease the subjective value of a reward (i.e., value-based 
decision-making). So far, it has been shown that women and men differ in important aspects of value-based 
decision-making (for review, see5): For example, men show biases towards maximizing rewards even if this 
strategy is not optimal, while women seek frequent but smaller rewards. Compared with men, women are more 
concerned about suboptimal choices in their decision-making strategy6,7, and prefer safe options when they 
lost a reward in a previous decision8. Concurrently, men were overall more likely to take risks than women9. 
During reinforcement learning, women outperformed men in learning from positive feedback, while men had 
enhanced inhibitory control under interference than women10. Taken together, women and men show specific 
preferences to resolve common trade-offs in cost–benefit decision-making that may contribute to differences 
in reward-related behavior.

Another operationalization of value-based decisions is the allocation of effort, where effort refers to the inten-
sity of mental and/or physical work that individuals apply to obtain some reward11. Individuals are considered 
to exert effort by estimating the expected benefit and the perceived costs to receive a reward12–14. The perceived 
reward value may inform the expected benefit of the effort15, which is usually reflected in an effort boost for 
higher rewards14. Sex differences in instrumental physical effort have been reported, with women preferring 
easy trials with smaller rewards and men preferring difficult trials with higher rewards16. However, the nature 
of this sex-specific behavioral variability in instrumental physical effort is still elusive, e.g., if this sex difference 
depends on reward magnitude, task difficulty or an interaction of both.

We recently developed and validated a frequency-based version of the effort allocation task (adapted from13). 
Similar to lever pressing in preclinical research17, participants collect food and money tokens by repeatedly 

OPEN

1Department of Psychiatry and Psychotherapy, Tübingen Center for Mental Health, University of Tübingen, 
Tübingen, Germany. 2Emotion Neuroimaging Lab, Max Planck Institute for Human Cognitive and Brain Sciences, 
Leipzig, Germany. 3International Max Planck Research School on Neuroscience of Communication: Function, 
Structure, and Plasticity, Leipzig, Germany. 4Graduate Training Centre of Neuroscience, University of Tübingen, 
Tübingen, Germany. 5Department of Psychiatry and Psychotherapy, University of Bonn, Venusberg Campus 1, 
53127 Bonn, Germany. *email: birgit.derntl@med.uni-tuebingen.de; nkroemer@uni-bonn.de

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-32391-0&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2023) 13:5456  | https://doi.org/10.1038/s41598-023-32391-0

www.nature.com/scientificreports/

pressing a button14. The task captures two motivational phases: invigoration and effort maintenance. Invigora-
tion describes how quickly a participant ramps up effort; it is associated with subjective wanting and mostly 
insensitive to effort costs. In contrast, effort maintenance relates to how durably a participant keeps this level of 
effort18. Consequently, effort maintenance is associated with both subjective wanting as well as exertion and it 
is highly sensitive to the costs of effort. Moreover, we previously reported associations of invigoration and effort 
maintenance with Carver and White’s19 behavioral inhibition system (BIS) and behavioral activation system 
(BAS), with average effort correlating positively with BIS scores20. Taken together, the effort allocation task and 
its associations with subjective wanting, exertion as well as the BIS/BAS scales provide a good opportunity to 
elaborate sex differences in instrumental physical effort.

In this study, we aimed at extending previous results of sex differences in value-based decision-making to a 
task including also physical effort allocation. To this end, we re-analyzed a previously collected data set (14, see 
“Methods”) and tested whether women and men would differ in the motivational phases of invigoration and 
effort maintenance as measured via the effort allocation task. We predicted invigoration and effort maintenance 
using reward magnitude (low vs. high), difficulty (easy vs. hard), and reward type (food vs. money) as predic-
tors. We further assessed associations of sex with the subjective ratings of wanting, which relates to the benefits 
of an action, and exertion, which relates to the costs of an action, as well as sex-specific differences on the BIS/
BAS scales. Based on previous results in value-based decision-making tasks, we hypothesized that women and 
men show differences in both behavior and subjective ratings, and explored if sex differences depend on reward 
magnitude, task difficulty, or reward type.

Results
Women have higher BIS and BAS drive scores than men.  We previously reported associations of 
invigoration and effort maintenance with the BIS/BAS scales in the same sample. We found that average effort 
correlated positively with BIS scores20, but did not examine sex differences. Here, we aimed to describe the 
sample more precisely for our re-analysis and tested for previously described sex differences on the BIS/BAS 
scales21. Similar to Strobel et al.21, women had significantly higher BIS scores than men, t(79) = 2.14, p = 0.035, 
but BAS overall scores did not differ between sexes, t(79) = 1.66, p = 0.101. Women also had significantly higher 
scores on the subscale BAS Drive than men, t(79) = 2.41, p = 0.018. The subscales BAS Fun Seeking, t(79) = −0.13, 
p = 0.894, and BAS reward responsiveness, t(79) = 1.55, p = 0.126, did not differ significantly between women and 
men (Table 1).

As previously reported20, average effort correlated positively with BIS scores, rp(79) = 0.29, p = 0.009, but not 
with BAS scores, rp(79) = −0.09, p = 0.410. To further examine the sex difference we found for the BIS scores, we 
ran correlation analyses for average effort and BIS scores separately for women and men. We found that aver-
age effort correlated positively with BIS scores in women, rp(45) = 0.29, p = 0.045, but not in men, rp(32) = 0.18, 
p = 0.321.

Women and men differ in effort maintenance, but not invigoration.  To estimate sex differences, 
we used mixed-effects models predicting either invigoration slopes or effort maintenance (operationalized as 
average relative frequency of button presses), using the factors reward magnitude (low vs. high), difficulty (easy 
vs. hard), reward type (food vs. money), and the interaction between reward magnitude × difficulty (Table 2). 
Women and men did not differ in invigoration, b = -0.05, t(76) = −0.01, p = 0.989. However, we found a main 
effect of sex for effort maintenance, with women having higher effort maintenance than men for small rewards 
(or men having lower effort maintenance than women for small rewards), b = −9.92, t(76) = −3.02, p = 0.003. A 
significant sex × reward magnitude interaction showed that women and men adjusted their performance dif-
ferentially in response to higher reward magnitudes: men increased their performance in response to higher 
rewards significantly more than women leading to comparable performance in the high reward condition 
(i.e., higher slopes for reward magnitude), b = 6.01, t(76) = 2.33, p = 0.022 (Fig. 1). We found no sex differences 
depending on reward type or difficulty, nor a significant interaction of reward type × difficulty (all p > 0.05).

In a follow-up analysis, we also examined the total wins of the effort allocation task to see if women or men 
were overall more successful in earning rewards. Regarding the total points won (i.e., pooled over money and 
food wins), women were more successful than men, b = −3.44, t(76) = −2.43, p = 0.018.

Table 1.   Means (standard deviations) and statistics of behavioral inhibition system (BIS) and behavioral 
activation system (BAS) scales. P-values with an asterisk indicate significance.

Mean (SD)

t-value p-valueFemale Male

BIS 21.28 (3.51) 19.59 (3.48) 2.14 0.035*

BAS 42.17 (4.15) 40.53 (4.72) 1.66 0.101

BAS drive 12.70 (1.85) 11.68 (1.95) 2.41 0.018*

BAS fun seeking 12.38 (1.88) 12.44 (2.00) −0.13 0.894

BAS reward responsiveness 17.09 (1.77) 16.41 (2.15) 1.55 0.126
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Women and men differ in subjective ratings of wanting and exertion.  For wanting, we found main 
effects of sex, with women overall having higher wanting ratings than men, b = −9.62, t(76) = −2.64, p = 0.010, 
and of reward magnitude, i.e., both women and men wanted higher rewards more than lower rewards, b = 13.41, 
t(76) = 8.06, p < 0.001. The interaction of Sex x Reward Magnitude was also significant, meaning that women 
had higher wanting ratings than men for smaller rewards, b = 9.31, t(76) = 3.10, p = 0.003 (Fig. 2a). For exer-
tion, the main effect of sex was not significant, b = −7.95, t(76) = −1.82, p = 0.073, only the main effect of reward 
magnitude, i.e., both women and men reported to put in more effort for higher rewards, b = 11.18, t(76) = 5.98, 
p < 0.001. Similar to wanting, we found a significant interaction of sex × reward magnitude for exertion, with 
women putting in more effort for smaller rewards than men, b = 10.51, t(76) = 3.03, p = 0.004 (Fig. 2b).

Discussion
Women and men have specific preferences to resolve common trade-offs in cost–benefit decision-making. How-
ever, sex differences in instrumental physical effort are less well understood, especially if sex-specific behavioral 
variability depends on key factors of the tasks, such as reward magnitude, difficulty, and reward type. To this end, 
we investigated sex differences in instrumental physical effort in humans using an effort allocation task, which 
captured the motivational phases invigoration and effort maintenance. Although women and men showed com-
parable invigoration, women showed overall higher effort maintenance compared with men. More specifically, 
women outperformed men for small rewards. However, men increased their effort more than women for higher 
rewards. Notably, women and men showed no behavioral differences when different reward types were at stake or 
greater difficulty was required to obtain a reward, indicating that sex differences were specific to the encoding of 
potential benefits, not costs. This interpretation was substantiated by differences in subjective ratings of wanting 
and exertion because women wanted smaller rewards more and reported higher exertion compared with men, 
whereas ratings were comparable for large rewards. To summarize, we found sex differences in instrumental 
physical effort expenditure, which became evident in both objective and subjective measures. By showing that 
sex-specific behavioral variability depended on reward magnitude, and not on reward type or task difficulty, we 
contribute to an improved understanding of sex differences in instrumental physical effort that may facilitate 
differential preferences.

Our results showed that women and men differed in instrumental physical effort, depending on reward 
magnitude. This difference was mainly driven by the fact that women put in more effort for smaller rewards, 
while men worked about as hard as women when larger rewards were at stake. We thereby extended results from 
studies on sex differences in value-based decision-making, e.g., where women seek certain, smaller rewards, 
while men preferred larger, but less consistent rewards7. Effort-based versions of cost–benefit paradigms, like the 
effort allocation task used in our study, focus on the costs of physical effort to obtain rewards. Here, the perceived 
reward value is considered to inform the expected benefit of the effort15, which usually leads to higher effort for 
larger rewards14. Our results show that women and men evaluated the perceived reward value differently and, 

Table 2.   Estimates of mixed-effects models. Variables were coded as follows: sex (male = 0, female = 1), reward 
magnitude (low = 0, high = 1), difficulty (low = 0, high = 1), reward type (money = 0, food = 1). P-values with an 
asterisk indicate significance.

Coefficient Standard error t-ratio p-value

Invigoration

 Intercept 55.32 1.71 32.41  < 0.001*

 Sex 0.05 3.53 0.01 0.989

 Sex × reward magnitude 0.91 2.55 0.36 0.723

 Sex × difficulty −0.40 1.54 −0.26 0.798

 Sex × reward type 0.18 1.70 0.11 0.915

Effort maintenance

 Intercept 64.24 1.59 40.43  < 0.001*

 Sex −9.92 3.28 −3.02 0.003*

 Sex × reward magnitude 6.01 2.58 2.33 0.022*

 Sex × difficulty −2.35 2.04 −1.15 0.252

 Sex × reward type 0.65 1.86 0.35 0.727

Wanting

 Intercept 67.43 2.26 29.90  < 0.001*

 Sex −9.62 3.65 −2.64 0.010*

 Reward magnitude 13.41 1.66 8.06  < 0.001*

 Sex × reward magnitude 9.31 3.01 3.10 0.003*

Exertion

 Intercept 64.36 2.67 24.09  < 0.001*

 Sex −7.95 4.37 −1.82 0.073

 Reward magnitude 11.18 1.87 5.98  < 0.001*

 Sex × reward magnitude 10.51 3.47 3.03 0.004*
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thus, allocated their effort differently in light of small vs. large rewards. When more reward was at stake, men 
increased their effort more than women to match their performance. Consequently, men were more opportunis-
tic, while women also worked more for smaller rewards. In turn, women ascribed higher value to small rewards 
than men, which was also corroborated by women’s higher subjective wanting and exertion ratings for smaller 
rewards compared with men.

Of note, invigoration refers to automatic processes related to motivational drive, while effort maintenance 
rather describes an active decision of allocating physical effort11,22. Moreover, effort maintenance refers to how 
much effort one is willing to spend to gain rewards, rather than how much effort one is (physically) able to exert. 
Since we did not find a sex difference in invigoration, but only in effort maintenance, we can assume that women 
actively chose to put in effort for both small and high rewards. Women weighed the benefits of smaller rewards 
higher than men, but women may have also valued effort itself higher than men. Effort can add substantial value 
to both rewards and to effort itself (‘The Effort Paradox’11,23). We can not rule out that women in our study might 
have valued the rewarding experience of exerting effort higher than men, which boosted the valuation of smaller 
rewards. Regarding the total points won, the female strategy of putting in effort also for small rewards can be 
seen as more successful than the male strategy of presumably saving effort costs for small rewards. Another 
line of argument was the possibility that women and men allocate physical effort differently depending on task 
demands, such as difficulty, e.g., Treadway et al.16 found that women preferred easy trials with smaller rewards 
and men preferred difficult trials with higher rewards. However, we did not find a sex difference in effort main-
tenance depending on difficulty to obtain a reward. Our results were further corroborated by experiences from 
previous studies, in which behavioral differences in effort allocation became evident in the face of small rewards, 
whereas for larger rewards, most individuals give their very best (e.g.15). Taken together, our results suggest that 
sex differences in instrumental physical effort depend on reward magnitude, with women weighing the benefits 
of smaller rewards higher than men.

Figure 1.   Women and men differ in effort maintenance, depending on reward magnitude. (a) Trial-based data 
showing that women had overall higher effort maintenance than men (main effect of sex, p = 0.003). Women 
generally outperformed men for small rewards, but when more reward was at stake, men adjusted their effort 
to match women’s performance (interaction sex × reward magnitude, p = 0.022). (b,c) show empirical Bayes 
estimates (EB).
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Moreover, we found that women had significantly higher BIS and BAS Drive scores than men. Higher BIS 
scores in women have repeatedly been shown in validation samples (e.g.19,21). BIS stands for the motivation to 
avoid aversive outcomes, and, thus, women in our study felt ‘worried when they thought they have done poorly 
at something’, more than men. Also, compared with men, women in our study ‘went out of their way to get things 
they wanted’, as described by higher BAS Drive scores (motivation to pursuit desired goals). The sex difference 
in both behavioral inhibition and activation may thus contribute to the finding that women in our study gener-
ally put in more effort for rewards than men. In the same sample, we previously reported a positive correlation 
of average effort with BIS scores20, and extended this result here by showing that this correlation seemed to be 
mainly driven by women. Consequently, higher BIS scores in women in our analysis may further explain why 
women had overall higher effort maintenance than men: women avoided an aversive situation, i.e., ‘doing poorly 
at something’, by ramping up their effort to fulfill the task requirements. This fits well with the finding that effort 
can have signaling functions in social settings, as it is easily detected by self and others: by putting in more effort, 
women may express more commitment and dedication to the task24,25. Men, with lower BIS scores, might have 
been less affected by this, and, thus, had a rather opportunistic motivation in performing the task.

Furthermore, personality factors and gender roles need to be considered when discussing the present findings. 
In large community samples, women have been found to be more worried (Neuroticism), social (Extraversion), 
inquisitive (Openness), caring (Agreeableness), and responsible (Conscientiousness) than men (e.g.26). Especially 
the female personality traits neuroticism and conscientiousness can be hypothesized to make them more prone 
to be attentive and diligent when solving tasks. These self-concepts can influence behavior and are thought to 
be influenced by experience, social desirability concerns, and societal norms27. According to social structural 
theories, gender differences in behavior stem from shared social expectations of how women and men should 
behave28. These gender roles are internalized very early in life and both shape personality traits and behavior. 
Thus, women and men seek different experiences to maximize their outcomes29. Regarding the results of our 
study, women and men chose different strategies to maximize their reward gains: women put in more effort than 
men for small rewards, whereas men increased their effort more for higher rewards so that the performance 
for high rewards matches the performance of women. For women, success (or an optimal performance in the 
task) presumably also included to perform well on the task, which also comprised to follow the task instructions 
thoroughly. In other words, for women it was socially desirable to solve the task conscientiously and to give their 
very best for both low and high reward trials. For men, a competitive task solving strategy was socially more 
desirable, i.e., behavior which focused on overall maximizing reward gain. In this vein, men might have saved 
physical energy on low reward trials to then maximize their effort for high reward gains. A well-established sex/
gender difference for the Iowa Gambling Task supports this notion, showing that men focus on long-term pay-off 
more than women30. If and how personality factors and gender roles also influence instrumental physical effort as 
measured here cannot fully be addressed by the results of this study, but should be investigated in future research.

The present study has several limitations which could guide future research. First, we did not measure sex 
hormone levels, e.g., estradiol, progesterone, or testosterone. Sex hormone receptors are densely present along 
midbrain areas and thereby modulate decision-making processes by interacting with relevant neurotransmitter 
systems (for review, see5,31). It remains an open question if and how sex hormones also influence physical effort 
expenditure and thereby contribute to sex differences. Second, we did not assess gender-related attributes and 
merely split the sample into biological females and males. However, we can not rule out if self-perceived feminine 

Figure 2.   Women and men differed in subjective ratings of wanting and exertion. (a) Both women and men 
had higher wanting ratings for higher rewards than smaller rewards, p < 0.001, but women wanted smaller 
rewards more than men did, p = 0.003. (b) Both women and men reported to put in more effort for higher 
rewards than for smaller rewards, p < 0.001, and women reported more exertion for smaller rewards than men, 
p = 0.004.
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or masculine traits may also contribute to behavioral differences between women and men, i.e., if individuals 
allocate physical effort differently if they consider themselves as being for example more risk-taking (typically 
male) or more conscientious (typically female).

Value-based decision-making shows sex differences in the integration of benefits and costs, but potential 
biases in the allocation of physical effort when rewards are at stake were largely elusive. We investigated sex dif-
ferences in instrumental physical effort and found that women showed overall higher effort maintenance than 
men. More specifically, women had higher effort maintenance than men for small rewards, while for higher 
rewards, men adjusted their effort to match women’s performance. In line with behavioral differences, women 
also reported higher wanting and exertion for smaller rewards compared with men. Taken together, our results 
highlight sex differences in instrumental physical effort and subjective wanting and exertion that are explained 
by an elevated subjective value of small rewards in women compared with men. Since these sex differences 
were not specific to task difficulty or reward types, we conclude that sex differences in instrumental physical 
effort depended on the encoding of potential benefits, not costs. We thereby contribute to the understanding of 
sex-specific behavioral variability on motivated behaviors and underline the potential of cost–benefit decision-
making to understand potential mechanisms in several domains, such as education and mental health.

Methods
Participants.  85 individuals participated in the study and completed two sessions each: one session took 
place during stimulation of the cymba conchae (taVNS) and the other one during sham stimulation at the ear-
lobe. Methods and results of the taVNS stimulation are reported elsewhere14,32 and are thus not further reported 
in this manuscript. The total sample size for the current analysis was N = 81 after exclusion of four participants 
(n = 3: did not finish the second experimental session, for example due to sick leave, n = 1: was assigned an incor-
rect maximum of button press frequency precluding comparison of the two sessions). Half of the participants 
completed the effort task during left-sided taVNS and the other half completed the effort task during right-sided 
taVNS. As determined by a telephone interview, participants were physically and mentally healthy, German 
speaking, and right-handed (47 women: Mage = 24 ± 3 years, MBMI = 22.4 ± 2.9 kg/m2; 34 men: Mage = 25 ± 4 years, 
MBMI = 24.0 ± 3.0 kg/m2). The study was approved by the local ethics committee (the institutional review board 
of the Faculty of Medicine, University of Tübingen) and was conducted in accordance with the ethical code of 
the World Medical Association (Declaration of Helsinki). Participants took part voluntarily and provided writ-
ten informed consent at the beginning of Session 1. They received either monetary compensation (32€ fixed 
amount) or course credit for their participation. Moreover, depending on their task performance, participants 
received money and a breakfast (cereal + chocolate bar).

Experimental procedure.  The study was designed so that experimental sessions were conducted in a ran-
domized, single-blind crossover fashion. Experimental session started between 7:00 am and 10:15 am and lasted 
about 2.5 h for each session. Participants were asked to fast overnight (> 8 h prior to the visit). In the beginning 
of the first session, participants selected their preferred type of cereal out of four options (dried fruits, chocolate, 
cookies, or honey nut; Peter Kölln GmbH & Co. KGaA, Elmshorn, Germany). It was explained that participants 
would collect energy and money points depending on their performance in the effort allocation task. The par-
ticipant’s breakfast serving would consist of cereal and milk scaled according to the energy points earned during 
the task. During the session, participants could drink water ad libitum.

First, participants completed a set of state ratings32 followed by practice trials of the effort allocation task 
to estimate the maximum frequency of button presses for every individual. A blue ball depicted within a tube 
appeared on the screen for two initial trials of 10 s length each. By repeatedly pressing a button on the Xbox 360 
controller (Microsoft Corporation, Redmond, WA) with their right (dominant) index finger, participants could 
move the ball upwards within the tube. A blue tangent line on the vertical axis was also moved by moving the ball 
upwards, marking the highest position reached by the ball so far. This line would depict the maximum frequency 
of button presses achieved so far (“peak”) even when participants stopped pressing the button and remained at 
the highest position, in contrast to the ball. Participants were encouraged to push the line as high as they could. 
Next, participants completed a short practice analogous to the effort task consisting of eight trials that comprised 
all possible combinations of reward magnitude (low vs. high), difficulty (easy vs. hard), and reward type (food vs. 
money) presented in a randomized order including a short break after half of the trials. By use of these practice 
trials, the maximum frequency of button presses was updated if participants exceeded the previous level achieved 
during training. After completing the practice trials, participants received feedback about the reward they would 
have won as a reference for the following experiment (for details, see14).

After the tasks, participants received their breakfast and a snack according to the food reward (“energy”) 
points earned. At the end of the first session, participants received their monetary wins as part of the compensa-
tion. Both sessions took place within a week (usually within 3–4 days), were conducted at approximately the 
same time, and followed the same standardized protocol. Participants either received monetary compensation 
(32€ fixed amount + wins of Session 2) or course credit (+ wins of Session 2) after the second session.

Effort allocation task.  By exerting effort (i.e., repeatedly pressing a button with the right index finger), 
participants collected food and money tokens throughout the effort allocation task. Analogous to preclinical 
studies of lever pressing17, the task used frequency of button presses instead of grip force to measure physical 
effort (adapted from13). Tokens were exchanged for calories (cereal + chocolate bar as snack) or money at a rate 
of 1 kcal or 1 cent per five tokens at the end of the session.

A prospective reward, which could be either food (indicated by a cookie) or money (indicated by a coin), 
was presented for 1 s at the start of every trial. The magnitude of the reward at stake was varied as one symbol 
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signaled a low magnitude (1 point/s) whereas several symbols indicated a high reward magnitude (10 points/s). 
Participants won 362.8 kcal and €3.78 per session on average. Following, a blue ball contained within a tube was 
presented on the screen. Participants were instructed to vertically move the ball above a certain difficulty level 
by repeatedly pressing a button on the controller with the right index finger to earn reward points. Difficulty 
corresponded to a relative frequency threshold and was indicated by a red line. Reward points were accumulated 
and tracked by a counter in the upper right corner of the screen (Fig. 3) for every second that the ball was kept 
above the threshold (indicated by a change of color from dark to light blue). By alternating the red threshold 
line between 75 and 85% (counterbalanced order across participants) of the individual maximum frequency, 
difficulty was varied. We used a moving average algorithm with exponential weighting (λ = 0.6) to smooth the 
movement of the ball for display on screen. Hence, the ball fell quickly yet slowed down when participants 
stopped working or reduced the frequency.

Participants were presented sequentially with two visual analogue scales inquiring about exertion and want-
ing of the reward at stake after every effort phase of each of the 48 trials comprised in the task. Participants were 
encouraged to take breaks at their convenience to recover during trials, so that they could try to exceed the 
threshold again, as the task was too difficult to always keep the ball above the red line, as was emphasized in the 
instructions. Participants could take a short break to recuperate after completing the first half of the task. The 
total amount of tokens they had collected was shown on the screen after completing the task. Only completed 
sessions were rewarded in tokens. The task was presented using Psychophysics toolbox v333 in MATLAB v2017a.

BIS/BAS scale.  We used the German version of the BIS/BAS scale21, originally developed by Carver and 
White19. The BIS/BAS scale measures two motivational systems: the behavioral inhibition system (BIS), which 
corresponds to motivation to avoid aversive outcomes, and the behavioral activation system (BAS), which 
describes motivation to approach goal-oriented outcomes. The questionnaire has 24 items with 4-point Likert 

Figure 3.   Schematic depiction of the effort allocation task. First, fixation cross is shown, followed by the reward 
cue. To earn reward, participants have to keep a ball above the red line by repeatedly pressing a button with 
their right index finger. Reward magnitude (low vs. high), difficulty (easy vs. hard), and reward type (food vs. 
money) were manipulated as task conditions. The lower left graph shows a representative time series of a high-
difficulty trial, depicting effort output as button press rate, BPR, in % relative to the maximum frequency of 
the participant. Invigoration slopes captured how quickly participants reach effortful behavior during a trial to 
collect the reward. Effort maintenance relates to the average relative frequency on the trial. Figure taken from14 
under CC BY license (https://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/); no changes have been made to the figure.

https://creativecommons.org/licenses/by/4.0/
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scale responses (from 1 = ‘very true for me’, to 4 = ‘very false for me’). One of the four subscales correspond to the 
BIS and comprises items like ‘I worry about making mistakes’ or ‘I feel worried when I think I have done poorly 
at something’. The three components of BAS compose the remaining three subscales. BAS Drive measures the 
motivation to pursuit desired goals, e.g., ‘I go out of my way to get things I want’. BAS Reward Responsiveness 
focuses on positive responses to pleasant reinforcers, e.g., ‘When I’m doing well at something, I love to keep at 
it’. BAS Fun Seeking comprises items that measure the motivation to approach new rewards spontaneously, e.g., 
‘I crave excitement and new sensations’. We previously reported associations of invigoration and effort mainte-
nance with BIS/BAS in the same sample, but did not examine sex differences20.

Data analysis.  To isolate the facets invigoration and effort maintenance, we divided the behavioral data into 
work and rest segments (see also14). Invigoration was estimated with the slope of the transition between relative 
frequency of button presses during a rest segment and their initial plateau during the following work segment 
(MATLAB findpeaks function). Effort maintenance was the average frequency of button presses during a trial 
capturing how much effort participants produce over time.

Invigoration and effort maintenance estimates at the trial level were then entered in a mixed-effects analysis 
as implemented in hierarchical linear models (HLM34). We used two univariate mixed-effects models, as both 
outcomes were only moderately correlated, r = 0.286, 95% CI [0.25, 0.32]. We predicted either invigoration or 
effort maintenance using the following predictors: stimulation (sham vs. taVNS), reward magnitude (low vs. 
high), difficulty (easy vs. hard), reward type (food vs. money, all dummy coded), the interaction between reward 
magnitude × difficulty, as well as interactions of stimulation with all these terms. At the participant level, we 
included stimulation order, stimulation side (both mean centered), BMI, and sex. Intercepts and slopes were 
modeled as random effects to account for individual deviations from fixed group effects. As detailed in14, the 
taVNS stimulation effect was accounted for by including stimulation condition (taVNS vs. sham) together with 
all interactions of stimulation with the other predictors of the model. The order of stimulation conditions and 
stimulation side were controlled for at the participant level and results of the taVNS stimulation were already 
reported elsewhere14. We found no sex-specific effects of taVNS vs. sham, stimulation order, or stimulation side, 
and thus pooled both sessions in our current analysis.

Moreover, to assess specific associations of sex with the subjective ratings of wanting (related to benefits of 
action) and exertion (related to costs of action), we used mixed-effects models as implemented in R (lmerTest), 
predicting wanting or exertion as outcomes, respectively, and using sex and reward magnitude as predictors.

Statistical threshold and software.  We used a two-tailed α ≤ 0.05 for the analyses of our main research 
question: Do women and men differ in invigoration or effort maintenance? Mixed-effects analyses were con-
ducted with HLM v735 and lmerTest in R36. To determine the evidence for the alternative hypothesis provided 
by our results, we calculated corresponding BFs based on individual empirical Bayes estimates. Effort data was 
processed with MATLAB vR2017-2019a and SPSS v24. Results were plotted with R v4.1.0 (R Core Team, 2017).

Data availability
Source data are provided with a previous publication14. Trial-based behavioral data that was used to conduct all 
analyses are publicly available on OSF: https://​osf.​io/​58r3c/?​view_​only=​5d1cc​ee7d6​7b464​bb6f4​0ebe7​ebc84​4b.
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