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Abstract

Fairness concerns play a prominent role in promoting cooperation in human societies. Social

preferences involving fairness concern have been associated with individual testosterone levels.

However, the causal effects of testosterone administration on fairness-related decision making remain

to be elucidated. Here, we used a randomized, double-blind, between-participant design and

administered testosterone or placebo gel to 120 healthy young men. Three hours after administration,

participants performed a modified Dictator Game from behavioral economics, in which they were

asked to choose one of two monetary allocations between themselves and anonymous partners.

Participants were either in a position of advantageous inequality (i.e., endowed with more than others)

or disadvantageous inequality (i.e., endowed with less than others). Computational modeling showed

that inequality-related preferences explained behavior better than competing models. Importantly,

compared with the placebo group, the testosterone group showed significantly reduced aversion to

advantageous inequality but enhanced aversion to disadvantageous inequality. These findings suggest

that testosterone facilitates decisions that prioritize selfish economic motives over fairness concerns,

which in turn may boost status-enhancing behaviors.

Keywords: advantageous inequality; disadvantageous inequality; inequality aversion; fairness-related

decision-making; testosterone; computational model
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1. Introduction

As one of the most other-regarding species, humans are interested in the relationship between their

own payoffs and those of others and often show aversion to payoff inequality (Charness and Rabin,

2002; Fehr and Camerer, 2007; Fehr and Krajbich, 2014). Inequality can take two forms, depending

on how goods are distributed. In advantageous inequality (Al), one receives more than the other

person, whereas in disadvantageous inequality (DI), one receives less. Aversion to inequality

implements a basic fairness norm for social preferences, which plays a key role in building and

maintaining large-scale cooperative relationships, and thus serves as a cornerstone of human society

(Fehr and Fischbacher, 2003; McAuliffe et al., 2017).

Behavioral neuroendocrinology has identified multiple associations between social preferences and

hormones in human social decision-making. As one of the major sex steroids, testosterone plays a

critical role not only in regulating physical development and reproductive behavior in both animals

and humans (Gray et al., 2020; Muller, 2017), but also in modulating social cognition and behaviors

(Eisenegger et al., 2011). One prominent line of research (Eisenegger et al., 2011) proposes that

testosterone advances social status by promoting self-interested behaviors and keeping more resources

for oneself. Studies have found that testosterone could facilitate status-enhancing behavior driven by

selfish motives, such as competition for reward and resources (Geniole et al., 2019; Losecaat Vermeer

et al., 2020), and reactive aggression (Geniole et al., 2019; Wagels et al., 2018, 2017). A separate body

of work has shown that testosterone can increase prosocial behavior, which too may help individuals

gain higher social status. For example, testosterone administration to men can lead them to reward
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those obeying fairness norms (Dreher et al., 2016), and make them more willing to donate to charity

when being watched by strangers (Wu et al., 2020). Thus, within the status-enhancing hypothesis, it

remains unclear whether testosterone promotes status primarily through reduced or increased fairness

concerns.

Previous research supports the notion that testosterone may regulate fairness-related decisions, at least

in the Ultimatum Game (UG), a paradigm that measures the importance of fairness concerns during

economic interactions between two individuals (Gtith et al., 1982). For instance, Burnham (2007) and

colleagues found that when acting as responders in the UG, participants with higher endogenous

testosterone level were more likely to reject unequal offers. When acting as proposers, men who

received exogenous testosterone were also more likely to make advantageously unequal offers than

those receiving placebo (Zak et al., 2009). However, there exists conflicting evidence. For example,

exogenous testosterone administration was found to increase fairness in women acting as proposers

(Eisenegger et al., 2010). Another study found no reliable effect of exogenous testosterone on the

rejection rate of unequal offers in men acting as responders (Dreher et al., 2016).

Although these studies have offered insights into the relationship between testosterone and fairness-

related behaviors, two key issues remain poorly understood. First, few studies simultaneously

investigated how testosterone altered the processing of advantageous and disadvantageous inequality.

To our knowledge, the only study that has considered both contexts used the UG and did not find a

reliable effect of testosterone on the probability of responders accepting offers that would create Al or

DI (Dreher et al., 2016). Note though that responder decisions in the UG are influenced not only by
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fairness considerations but also by other factors such as retaliation. Hence, it is not clear whether and

how the effects of testosterone on fairness considerations vary across contexts.

Second, previous studies rarely examined the psychological mechanisms underlying the effect of

testosterone on fairness-related decisions. While inequality aversion is an obvious underlying

mechanism, it is possible that alternative factors contribute to fairness-related behaviors. For instance,

people may simply consider the other’s payoff (rather than inequality) or the total payoff of all parties

(Charness and Rabin, 2002) during decision-making. Thus, formal model-based analyses are needed

to rule out alternative interpretations and to reveal precisely how testosterone affects computation of

value during fairness-related decision-making.

To address these issues, we conducted a study using a modified Dictator Game (DG) (Morishima et

al., 2012) in combination with computational modeling in a double-blind, placebo-controlled,

between-subject design. In this task, participants were asked to allocate money between themselves

and anonymous partners. In each trial, they made binary choices between two unequal options.

Critically, sometimes both options consistently earned participants more (Al context) or less (DI

context) than the partner, whereas in other cases participants had to choose between advantageous and

disadvantageous unequal options (mixed context). Note that in the DG, the monetary allocations are

solely determined by the participants, which avoids potential confounds related to retaliation by the

responder or strategic considerations by the proposer in the UG (counteracting possible retaliation by

the responder) (Ruff et al., 2013). To further characterize the mechanisms by which testosterone

modulated fairness-related decisions, we leveraged computational modelling approaches that allow
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decomposing the psychological processes that underpin complex social behavior (Crockett, 2016;

Konovalov et al., 2018). We specifically focused on the Fehr-Schmidt model (Fehr and Schmidt,

1999), a classic economic theory that captures aversion to advantageous and disadvantageous

inequality. To rule out alternative mechanisms, we also compared the Fehr-Schmidt model with

alternative models of social preference.

According to the status-enhancing account and previous findings mentioned above, we proposed two

competing hypotheses regarding the effect of testosterone on inequality aversion. Hypothesis 1

expects testosterone to boost status-enhancing behavior by claiming more resources for oneself. In

this view, participants with testosterone administration will exhibit decreased aversion to

advantageous inequality and increased aversion to disadvantageous inequality. In other words,

testosterone will reduce the disdain for earning more than others as well as increase the disdain for

earning less than others. Hypothesis 2 proposes that testosterone promotes status-enhancing behavior

as signaled by increased generosity, making exactly opposite predictions to Hypothesis 1. In this view,

participants with testosterone administration will exhibit a stronger dislike of earning more than

others and a stronger enjoyment of earning less than others.

2. Materials and methods

2.1 Participants

Using G*Power 3.1(Faul et al., 2007), we set effect size (Cohen’s d) at 0.7, o at 0.05 and 1 —  at .95,

resulting in a sample size of 110 participants (55 per group). One hundred and twenty healthy males

were recruited for this study through university advertisement (Placebo group: N = 60, mean age =
4
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20.84 years, SD = 2.14, age range = 18-26; Testosterone group: N = 60, mean age = 20.94 years, SD =
2.75, age range = 18-26). Only males were recruited because the dosing and pharmacokinetics of a
single dose of Androgel® are established only for men (Eisenegger et al., 2013; Wu et al., 2018,
2019). We screened participants through a telephone interview and excluded individuals who were
taking psychotropic medications or having any psychiatric/neurological disorders. Participants were
instructed to abstain from alcohol, caffeine, and smoking for 24 h before the testing session. The
study was conducted in accordance with the Declaration of Helsinki and was approved by the local
research ethics committee. Written informed consent was obtained from all participants. Participants
were compensated with 170 CNY (~ $25.5) as a participation fee and an additional payoff (average:

14.1 CNY, ~ $2.1) depending on their choices in the decision-making task (see below).

2.2 Testosterone administration

The study used a randomized, double-blind, placebo-controlled, between-participant design. All
sessions started at 13:00 and lasted approximately 4 hours. Four participants unacquainted with each
other came to the testing room individually around the same time and were assigned to four different
cubicles for the decision-making task (see below). Participants in the testosterone group received a
single dose of testosterone gel, containing 150 mg testosterone [Androgel®], while participants in the
placebo group received a placebo gel. The testosterone and placebo gel as well as their packing were
indistinguishable. In both groups, the gel was applied to the participant’s shoulders and upper arms by
a male research assistant, who was blind to both the experimental condition and the purpose of the
study. The experimental task commenced three hours post-dosing in accordance with previous

pharmacokinetic data (Carré et al., 2015; Eisenegger et al., 2013; Wu et al., 2018, 2019). During the
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waiting period, participants were asked to stay in the testing room and were provided with newspapers

and magazines that were unrelated to the present study.

2.3 Modified Dictator Game

The Dictator Game was modified from Morishima and colleagues (Morishima et al., 2012). Participants
were informed that they would make choices regarding monetary rewards for themselves and another
participant. On each trial, participants were first paired with a partner who was randomly selected from
a previously collected data pool (1 ~ 2s). Next, the participant had 24 s to select one of two payoff
allocations (i.e., option X and Y), which provided different amounts of money for the participant and
the anonymous partner (see Figure 1). Once the participant made a choice, the selected option was

highlighted by a yellow rectangle for 0.8 s.
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Pairing
Pairing... (1~2 s)

Paired

Paired (0.8 5)

Decision
(<24 5s)

Outcome
(0.8 s)

Figure 1. The Modified Dictator Game. Each trial began with a pairing period during which one
interacting partner was randomly chosen. In the decision phase, participants were asked to choose
between two options with different amounts of money for themselves and the anonymous partner. Once
the decision was made, the chosen option was highlighted with a yellow rectangular. If no response was
made within 24 s, this trial was aborted and the text “Pay attention” was presented on the screen for 2
S.

The task consisted of two identical blocks of 45 trials. Each block included 15 decisions in which the
gains of the participant were larger than the gains of the partner for both option X and Y (Al context),
and 15 trials in which the gains of the participant were smaller (DI context). The remaining 15 trials
consisted of one option from the advantageous condition and one option from the disadvantageous
condition (mixed context; see Table S1 for details of options), which follows the study by Morishima

et al. (2012). The positions of participant and partner benefits and the corresponding colors of frames
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were counterbalanced across participants. Participants were informed that four trials would be randomly

selected and implemented at the end of the experiment.

2.4 Data analyses

As the primary goal of this study is to investigate the computational mechanisms underlying the effects
of testosterone during fairness-related decision-making, our analysis would mainly focus on the
computational modeling of choice. We also performed additional model-free regression analyses to
corroborate these model-based findings (see Table S2 for summary of descriptive statistics). Note that

a total of two trials in which participants did not respond within 24s were excluded from these analyses.

24.1 Computational Modeling of Choice.

We first assessed the Fehr-Schmidt model of inequality aversion. This model captures how strongly
individuals are averse to advantageous inequality and disadvantage inequality. The utility function

(equation 1) of each option is defined as follows:

U= Mself —a-max (Mysper — Mself: 0) — B - max (Mself — Mother, 0) (1)

U denotes the utility (subjective value) of each option; M. and Mo represent the amount of money
for the participant and the anonymous partner, respectively. The parameters o and  measure preference
towards disadvantageous or advantageous inequality respectively. Following a previous approach
(Holper et al., 2018) we did not impose the constraints of the original model that a should be larger
than, or equal to, § and that f should be positive. We additionally assessed a series of social preference

models to rule out other mechanisms that could potentially explain choices (see Table 1).
8
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These models were fitted to choices of all participants in a Hierarchical Bayesian approach (HBA;

Gelman et al., 2013) with Markov chain Monte Carlo (MCMC) sampling methods using the rstan

packages in R (Carpenter et al., 2017). This model-fitting approach allowed us to estimate the

individual- and group-level parameters simultaneously in a mutually constrained manner (Ahn et al.,

2013). Model comparison was implemented with the Leave-One-Out Information Criterion (LOOIC;

Vehtari et al., 2017). Importantly, our hierarchical model consisted of two set of parameters, with one

for the placebo group (group-level parameters: w;; individual-level parameters: i, where i refers to

specific parameters in the model, same below) and the other for the between-group difference (i.e., a

dummy variable characterizing the difference between testosterone and placebo; group-level

parameters: Ap; individual-level parameters Ai). All of these parameters were estimated simultaneously

using a hierarchical Bayesian approach, which provides full posterior distributions instead of point

estimates.

For each individual-level parameter, we calculated the median of the posterior distribution for both

groups as the best representative of point estimate. In particular, the individual-level parameter for the

testosterone group was calculated by summing the median of the group-level parameter for the placebo

group and that of the individual-level dummy parameter (i.e., i + Ai). Using these medians we

performed the asymptotic two-sample Fisher-Pitman Permutation Test in R (Zeileis et al., 2008). We

also report 95% highest density intervals (HDI) of all hyperparameters, i.e. the intervals which credibly

covered most of the distribution for these parameters (Kruschke, 2014). A difference between the

placebo and the testosterone groups was recognized as “significant” if the 95% HDI interval deviated

from zero in dummy group variables (see SOM for details).
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2.4.2  Model-Free Analyses.

We performed logistic linear mixed regression on choices using the glmer function in the “Ime4”

package (Bates et al., 2014). In particular, we examined how testosterone and inequality influences

participants’ choices by including Group (i.e., a dummy variable with reference level placebo) and

Difference of Inequality (i.e., absolute difference in inequality between two options) as fixed-effect

predictors. To account for the possibility that participants might base their decisions on their own

payoffs, we also included Difference of Self-payoff (i.e., the absolute difference of payoff to oneself

between two options) as a fixed-effect covariate. For random effects, we started with the simplest

version, including only intercepts that varied across participants. Moreover, we tested other models

which additionally included Difference of Self-payoff, Difference of Inequality, or both variables as

random slopes. The best-fitting model was determined based on their Akaike Information Criterion

(AIC) scores. In both Al and DI contexts, the choice was coded as 1 if the less unequal option was

chosen and 0 otherwise. Note that trials in the mixed context were not used in the model-free analyses

because any given choice in this context can reflect avoidance of one or appeal of the other type of

inequality, making it challenging to interpret testosterone effects on behavior unequivocally. For

completeness, we performed an exploratory analysis of choices in the mixed context and reported the

results in the SOM (see Supplementary Table S5 for details).

3. Results

3.1 Computational Modelling of Choice

We first assessed which model explained decisions best. Bayesian model comparison indicated that the

10
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Fehr-Schmidt (Fehr and Schmidt, 1999) model without constraints on « and g (Holper et al., 2018)

outperformed competing models (see Table 1). Posterior predictive check showed that this model

indeed captured the actual choices of participants in both groups (Pearson correlation: rs > 0.9, ps <.001;

see Figure S1; also see SOM for details).

Next, we examined the effects of testosterone on the posterior means of the individual-level

parameters in the best-fitting model. We found that aversion to advantageous inequality (i.e., ) was

significantly smaller in the testosterone group than in the placebo group (mean £ SD: testosterone vs.

placebo: 0.05 £0.48 vs. 0.25 + 0.30; permutation-test, Z=-2.52, p = .012, Cohen’s d = 0.50).

Conversely, aversion to disadvantageous inequality (i.e., o) was significantly larger in the testosterone

group than in the placebo group (mean + SD: testosterone vs, placebo: 0.17 £ 0.70 vs. -0.03 £ 0.31; Z

=1.97, p =.049, Cohen’s d = 0.37; see Figure 2). We did not observe a statistically significant

difference in the inverse temperature parameter between the two groups (mean + SD: testosterone vs,

placebo: 0.04 + 0.03 vs. 0.03 + 0.03; Z = 0.60, p = .551, Cohen’s d = 0.33), suggesting that

testosterone had little effect on choice consistency. These results were also substantiated by analyses

on the group-level parameters (see Table S3 and Figure S2). Together, our data support Hypothesis 1

rather than Hypothesis 2 and suggest that testosterone boosts status-enhancing behavior by increased

focus on selfish relative gains.

11
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Figure 2. The individual-level parameter estimated from the best-fitting model (i.e., the
unconstrained Fehr-Schmidt inequality aversion model). The curve in the violin plot stands for the
distribution of the posterior median of individual-level parameters regarding inequality aversion (a
and f) across all participants between two groups. The black dot indicates the mean of the posterior
median of individual-level parameters for each group. The scattered dot indicates the data of each
single participant. In the box plot, the line represents the median and the outer edges indicate the
upper and lower quartiles. Significance: “p < 0.05.

3.2 Model-Free Analyses

Note that the models with both variables (Difference of Inequality and Difference of Self-Payoff) as
random slopes failed to converge. Among the remaining models, the one that included intercepts and
Difference of Inequality as random slopes exhibited the lowest AIC scores in both Al and DI contexts,
indicating the best-fitting model (see Supplementary Table S4 for details). In the Al context, we
found that choices were significantly affected by testosterone (vs. placebo; b =-1.05, SE=0.38, Z= -
2.74, p = .006). Specifically, individuals in the testosterone group were less likely to choose the less
advantageous option, which is consistent with reduced aversion to advantageous inequality and our

model-based results on B. In the DI context, individuals in the testosterone group tended to choose the

12
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less unequal option more often compared to the placebo group (b =1.01, SE=0.56, Z=1.80, p

=.071). Although this difference was marginally significant, it aligns with increased aversion to

disadvantageous inequality and our model-based results on a.

4. Discussion

The present study examined the effects of testosterone administration on fairness-related decision

making and the underlying mechanisms combining an incentive economic task with computational

modeling. Our computational model decomposed and elucidated the latent psychological processes

underlying fairness-related decision-making and showed that testosterone affected aversion to both

forms of inequality, indicating that testosterone increases relative selfishness. Together, we advance our

understanding of the causal relationship between testosterone and fairness-related decisions and provide

a novel perspective on the hormonal basis of social preferences.

A variant of the Fehr-Schmidt (1999) model (Holper et al., 2018) of inequality aversion better accounted

for participants’ choices than competing models with different underlying mechanisms. For example,

overall (absolute) inequality explained decisions less well than the unconstrained Fehr-Schmidt model,

indicating that the sign of the inequality matters. In addition, our winning model fitted the choice data

better than the model hypothesizing the tradeoff between self-reward and other-reward, suggesting that

payoff inequality, rather than only self-reward, is affected by testosterone. The Fehr-Schmidt model

also outperforms the alternative model assuming the efficiency concern, which suggest that individuals

do care the payoff inequality more than the total payoff during fairness-related decision making.

13
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Converging with the model-free findings, participants in the testosterone group were more Al-seeking
and DI-avoiding than participants in the placebo group. These findings support Hypothesis 1 and
suggest that testosterone enhances status by boosting selfish rather than generous motives and behavior.
According to the status-enhancing hypothesis, the key function of testosterone is to help individuals
(esp., males) maintain, and improve upon, their current status (Carré et al., 2009; Carré and Olmstead,
2015). One method of achieving material status is to take more resources for oneself and thereby
violating basic fairness norms. Indeed, previous evidence robustly associated testosterone with selfish
behaviors, regardless of the individual status in the UG (for enhancements of the advantageous status
of the proposer, see e.g., Zak et al., 2009, described above). For monetarily low but equal status, we
previously found testosterone to decrease the willingness to forgo self-gains in order to increase the
welfare of others (Ou et al., 2021; Wu et al., 2019). Even in a high and stable status, testosterone
enhanced the willingness to compete for resources in order to avoid a status loss (Losecaat Vermeer et
al., 2020). For a disadvantageous status, testosterone has been associated not only with increased
rejection rates of offers that would create DI in the UG (Burnham, 2007; Zak et al., 2009) but also with
enhanced competitive efforts for promoting social status (Josephs et al., 2006; Losecaat Vermeer et al.,
2020; Mehta and Josephs, 2006). Here, we add to this literature by establishing a status enhancing role

of testosterone in the absence of retaliation and strategic considerations.

Motivating our Hypothesis 2, recent evidence also demonstrated that testosterone promotes prosocial
behaviors. For example, using a modified version of the UG, Dreher and colleagues found that men
receiving testosterone provided more reward for partners who had repeatedly behaved generously to
them beforehand (Dreher et al., 2016). Similar effects occurred also when males donating to a charity

14
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organization were observed by others (Wu et al., 2020). In these studies, reputation and self-image play

a central role either because of repeated interactions with the same person or because behavior is public.

It is well known (Izuma, 2012; Nowak and Sigmund, 2005; Seinen and Schram, 2006) that reputation

gains from prosocial behavior lead to resource (e.g., respect, network) gains in the long run, thereby

enhancing social status. In our case, reputation gains were absent because all interactions were one-shot

and private. Accordingly, being nice to the partner (either by counteracting advantageous inequality or

enduring disadvantageous inequality) would provide little benefits for individuals pursuing higher

social status. Thus, the relative effectiveness of selfish versus generous choices to enhance status may

explain why testosterone facilitates one or the other behavior in different studies.

Several limitations of the current study should be noted. First, while the Fehr-Schmidt model was the

best-fitting model and testosterone administration modulated inequality aversion, it is difficult to

completely rule out the alternative account that testosterone also influenced the processing of self-

reward, our design included a moderate but significant correlation between self-reward and payoff

inequality. Hence, it would be beneficial for future studies to adopt a design in which self-reward and

payoft inequality are decorrelated or orthogonal. Second, the current task may not perfectly reflect the

complexities of real-world social behaviors, due to its simplification and lack of social interactions.

Future studies may consider employing paradigms with more ecological social interactions. Third, only

male participants were recruited in our study. However, in previous research, women receiving

testosterone were more likely to propose offers with less advantageous inequality in the UG (Eisenegger

et al., 2010). Thus, together with our findings, the effect of testosterone on advantageous inequality

aversion might vary in men and women, which warrants further exploration. Furthermore, the current

15
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study focused solely on measuring the choice behavior. To gain a deeper understanding of how

testosterone causally affects fairness concern and to clarify its underlying psychological processes, it

would be valuable to integrate other measures, such as self-reported motivation and measures of

personality traits (e.g., selfishness, dominance).

In conclusion, our study contributes to the literature on the role of testosterone for social preferences

by investigating both disadvantageous and advantageous inequality and by excluding confounds

associated with the UG (e.g., retaliation and strategic). These findings shed new light on the function

of testosterone in social decisions that involve a trade-off between personal interests and fairness

concerns. Testosterone tuned aversion to advantageous and disadvantageous inequality, biasing men to

prioritize their selfish interests, possibly in an attempt to enhance their social status in the future. The

increased desire to be better off than others provides a novel specification of the association between

testosterone and fairness concerns.
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Table 1 Model comparison for social preference models

Model Form LOOIC SE

Fehr-Schmidt® U = Mgeip — B - max(Mgeip — Mogper, 0) — @ 49194 1929

' max(Mother - Mself' 0)

General Inequality Aversion U = Mg — @ * |Mgerr — Mogner| 8836.8  319.2
Aversion to Other’s Gain U= Mg — - Myther 8244 .4 344.2
Self-Other Tradeoff U=(1-a)- Mgeir + @ Myther 6230.7 312.3
Efficiency Concern U=(1~-a) Mg+ a- (Mser + Myther) 5214.0 3143

Note. The best-fitting model was highlighted in bold.

*We did not impose the constraints on the parameters as did in the original Fehr-Schmidt model, following
the study by Holper and colleagues (2018).

LOOIC = Leave-One-Out Information Criterion. Lower LOOIC scores reflect better model fit. Bold font
indicates the winning model. SE = standard error.
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