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A B S T R A C T

Fairness is crucial in social interactions, shaping relationships and fostering cooperation, especially during 
adolescence. The developmental period, characterized by significant hormonal changes such as fluctuations in 
cortisol and testosterone levels, is pivotal for physiological and behavioral maturation. Despite the importance of 
the hormones, studies investigating their interaction effects on fairness within adolescent populations remain 
limited. The current study explored adolescent fairness development and how cortisol (bedtime basal cortisol and 
cortisol awakening response, CAR) and testosterone interacted in strategic and pure fairness towards friends and 
strangers, using adapted versions of the Ultimatum Game (UG) and Dictator Game (DG), separately, in 381 
typically developing adolescents (37 % female, Mage = 14.6 years, SDage = 1.95). As adolescents matured, they 
increasingly favored friends over strangers in both strategic and pure fairness decision-making. Testosterone was 
positively associated with allocation differences in strategic fairness only at high bedtime basal cortisol levels. 
Additionally, testosterone was positively correlated with allocation differences in strategic fairness at low CAR 
levels but negatively at high CAR levels. This hormonal pattern was observed only in male adolescents. These 
findings underscore sex-specific patterns in dual-hormonal influences on adolescent fairness decisions and 
highlight the role of physiological hormones in the development of moral values in distinct ways for males and 
females.

1. Introduction

Fairness is fundamental to social interactions, influencing relation
ships, cooperation, and societal harmony (Brosnan and de Waal, 2014). 
During adolescence, individuals face increasingly complex social situa
tions and need to develop mature societal values and social relationships 
(Crone and Fuligni, 2020), in which fairness and equity play pivotal 
roles (Güroǧlu et al., 2009; Steinbeis et al., 2012). Adolescence is a 
critical developmental period marked by significant hormonal changes 
and maturation of neural circuits involved in social cognition and 
behavior (Andrews et al., 2021; Chaku and Barry, 2023; Laube et al., 
2020; Nelson et al., 2016; Vijayakumar et al., 2018). The pubertal 
hormones, cortisol and testosterone, known for their effects on stress 
and social status/dominance respectively, have been proposed to in
fluence various social behaviors, including fairness (Nguyen et al., 2017; 

Prasad et al., 2019; Sinclair et al., 2014; Sisk and Zehr, 2005). However, 
the specific mechanisms through which these two hormones interact to 
influence fairness-related behaviors during adolescence have not been 
thoroughly investigated.

The HPA and HPG axes are commonly perceived as mutually 
inhibitory systems, with the dual-hormone hypothesis suggesting that 
the behavioral effects of cortisol and testosterone are suppressed by the 
other hormone (Mehta and Josephs, 2010; Mehta and Prasad, 2015). 
Although the precise mechanisms for dual-hormone effects remain un
clear, evidence across psychological, neurological, and molecular levels 
provides plausible mechanisms supporting this hypothesis. Psycholog
ically, cortisol and testosterone operate within opposed motivational 
systems (Carver and White, 1994), with cortisol being associated with 
submission and social withdrawal (Bernard et al., 2015; van der West
huizen and Solms, 2015), while testosterone is linked to approach 
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behavior (Platje et al., 2015). Correspondingly, at the neural level, 
testosterone enhances reward-seeking behavior by activating the nu
cleus accumbens in rodents (de Souza Silva et al., 2009) and increasing 
neural activity in the human ventral striatum associated with reward 
anticipation (Hermans et al., 2010). In contrast, cortisol is related to 
decreased activity in reward-related networks (Kinner et al., 2016). At 
the molecular level, elevated cortisol levels suppress the HPG axis at 
multiple levels. This suppression includes inhibiting 
gonadotropin-releasing hormone neurons in the hypothalamus, 
reducing the release of luteinizing hormone and follicle-stimulating 
hormone from the pituitary gland, and decreasing gonadal hormone 
production (Dorn and Biro, 2011; Trotman et al., 2013). Conversely, 
androgens can suppress HPA axis function by acting on the androgen 
receptor or ERbeta (Handa and Weiser, 2014). Existing research on adult 
samples has substantiated the dual-hormone hypothesis across various 
domains, including status-related behaviors such as dominance, 
risk-taking, aggression, and psychopathy (Dekkers et al., 2019; Man
igault et al., 2019; Mehta et al., 2015), as well as social cognition and 
decisions like emotion recognition (Lausen et al., 2020), fairness (Prasad 
et al., 2017, 2019), and empathy (Nitschke and Bartz, 2020; Zilioli et al., 
2015).

Despite several strands of theoretical and empirical evidence sup
porting the dual-hormone hypothesis, some researchers argue that HPA 
and HPG do not necessarily operate in opposition, but can function 
together in specific contexts, moments and developmental stages (like 
adolescence) (Knight et al., 2022; Marceau et al., 2012; Shirtcliff et al., 
2015). Shirtcliff et al. (2015) propose that the observed crosstalk func
tion between these axes in adults may not fully apply to adolescents. 
Instead, adolescence appears to present a temporary and unique pattern 
of neuroendocrine coupling. This unique HPA-HPG hormone coupling 
pattern aligns with the coexistence of “storm and stress” and “sex/ro
mance” characteristics during adolescence (McClintock and Herdt, 
1996). Furthermore, the two axes are characterized by increased activity 
during prenatal and postnatal development, dormancy during child
hood, and reactivation during adolescence. Both cortisol and testos
terone typically rise across puberty (Ruttle et al., 2015). If an increase in 
one hormone automatically leads to a decrease in the other, even if this 
inhibition is minimal, then stress exposure will be associated with 
delayed/slowed puberty or reduced HPG function, but usually the 
opposite is the case (Ellis, 2004; Ellis and Del Giudice, 2019). Exposure 
to early life stressors typically heightens gonadal functioning and ad
vances puberty (Ellis and Essex, 2007; Ellis and Garber, 2000). Similar to 
adulthood, where a mutually inhibitory relationship exists between the 
sex and stress axes, i.e., stress inhibits reproduction, due to the potential 
loss or death of offspring during stressful periods, the unique coupling 
pattern during adolescence is also adaptive (Dekkers et al., 2019; 
Hamilton et al., 2015). Ellis (2004) describes the inter-related Child 
Development Theories and highlights the role of environmental factors 
such as Extrinsic Morbidity-Mortality cues and Unpredictability/Inst
ability in accelerating reproductive maturation, towards a fast Life 
History trajectory favoring early development. In stable and safe envi
ronments, childhood duration extends to facilitate learning, skill 
development, and growth, with minimal costs to delaying reproductive 
maturation. Conversely, uncertain or challenging environments shift 
trade-offs towards shorter, faster reproductive life spans, and the 
accelerated transition into adulthood is also better for individual sur
vival (Belsky et al., 1991; Ellis et al., 2011; Ellis and Garber, 2000). 
Additionally, animal research indicates that simultaneous increases in 
testosterone and cortisol levels play functional roles, particularly in 
enhancing reproductive preparedness among males during the breeding 
season and when establishing social dominance (Lynch et al., 2002). 
Existing research on dual-hormone effects in adolescents has predomi
nantly focused on the molecular level, with few studies addressing their 
impact on adolescent behaviors, especially social behaviors (Harden 
et al., 2016; Wang et al., 2022).

In the present study, we investigated the interaction of cortisol and 

testosterone on adolescent fairness (both strategic and pure fairness) 
using the Ultimatum Game (UG) and the Dictator Game (DG), respec
tively. In both games, one player decided how to split a fixed number of 
resources between themselves and another player. What set the two 
games apart was the second player’s role. In the UG, the responder could 
reject the offer, meaning neither player received anything. In the DG, the 
recipient had no say and had to accept whatever was given. This key 
difference made it possible to tease apart different motivations behind 
fair behavior. The UG was typically used to assess “strategic fairness”, as 
proposers had to consider the possibility of rejection and often offered 
more equitable splits to ensure acceptance (Yamagishi et al., 2016). The 
DG, on the other hand, served as a measure of “pure fairness”, since 
proposers were not constrained by external consequences and could 
allocate resources solely based on internalized norms or personal pref
erences (Güroǧlu et al., 2009). The UG introduced social and strategic 
pressures that shaped decision-making in ways not present in the DG. 
Because proposers in the UG risked receiving nothing if their offer was 
declined, they often adjusted their allocations to account for the re
sponder’s anticipated reaction. In this sense, the UG engaged a more 
interdependent form of decision-making, where individuals acted with 
regard to others’ perspectives and potential responses. Conversely, the 
DG reflected a more independent mode of reasoning, as proposers made 
decisions in isolation from external input and solely according to their 
own values (Liu et al., 2024). Together, the UG and DG provided a 
comprehensive framework for studying the development of distributive 
fairness among adolescents. Previous developmental research using 
these paradigms highlighted age-related differences in fairness motiva
tion. For instance, Güroǧlu et al.(2009) found that in the DG, partici
pants across age groups consistently chose self-serving offers, suggesting 
little developmental change in fairness when rejection was not possible. 
In contrast, in the UG, older adolescents made more equitable offers, 
indicating increased perspective-taking and social reasoning with age. 
While strategic and pure fairness paradigms illuminate underlying 
motivational processes, they do not operate in a social vacuum. Ado
lescents’ fairness-related decisions are not only shaped by social cogni
tive development and strategic reasoning but are also profoundly 
influenced by social affiliations and identity-related factors. Emerging 
evidence suggests that as adolescents grow, their fairness behaviors 
become more selective, reflecting parochial tendencies whereby equi
table treatment is more likely extended to socially close or in-group 
members than to distant others or out-group members (Angerer et al., 
2017; Bindra et al., 2020; Fehr et al., 2013). Fehr et al. (2013) further 
found sex differences in fair behaviors, with girls aged 11 and 17 being 
significantly more egalitarian than boys, with this difference increasing 
with age. Sutter et al. (2019) summarized experimental economics be
haviors of children and adolescents and also found that females are more 
inclined to make egalitarian decisions, while males tended to prioritize 
efficiency and parochialism. The male-warrior hypothesis helped 
explain this pattern, suggesting that boys were more likely to exhibit 
parochial behaviors due to the evolutionary history of male cooperation, 
which was shaped by violent intergroup conflicts that fostered a coali
tional (us versus them) mindset (Lazić et al., 2021; McDonald et al., 
2012; Vugt et al., 2007). Therefore, our study investigated the devel
opment of strategic and pure fairness during adolescence with both close 
peers (e.g., friends) and relatively distant peers (e.g., strangers), along
side exploring sex differences and potential dual-hormonal mechanisms 
involved.

Regarding hormonal measures, basal testosterone concentrations 
were used to index HPG-axis activity. For the HPA axis, we measured 
both basal cortisol concentrations and the cortisol awakening response 
(CAR), two well-established indicators of stress-related physiological 
activity (Tian et al., 2021; Wang et al., 2022; Zhu et al., 2019). Cortisol, 
the end product of the HPA axis and commonly referred to as the “stress 
hormone”, played a central role in the body’s response to stress and was 
widely used as a biomarker in psychoneuroendocrinological research. 
Its secretion followed a distinct diurnal rhythm, characterized by 
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relatively stable basal levels in the evening and low-level nocturnal 
activity during sleep, which together reflected tonic aspects of HPA axis 
functioning. Superimposed on the rhythm was the CAR, a sharp and 
transient increase in cortisol levels occurring approximately 30 min after 
morning awakening (Pruessner et al., 2003; Schmidt-Reinwald et al., 
1999). The CAR was understood as a preparatory mobilization of 
neuroendocrine resources in anticipation of the demands of the up
coming day (Elder et al., 2014; Fries et al., 2009; Stalder et al., 2025). In 
the current study, we focused on two specific cortisol-based indices: 
bedtime basal cortisol, which reflected trait-like aspects of HPA axis 
regulation and chronic stress load, and CAR, which served as a psy
chophysiological indicator of HPA axis reactivity and flexibility. 
Elevated basal cortisol has been associated with chronic stress exposure, 
while blunted or exaggerated CAR responses have been implicated in the 
pathophysiology of various mood and anxiety disorders (Hardeveld 
et al., 2014; Rauch et al., 2020; Zhu et al., 2019). Furthermore, longi
tudinal research suggested that CAR levels remained relatively stable 
across adolescence, with consistent sex differences showing higher CAR 
levels in girls compared to boys (Kuhlman et al., 2019; Platje et al., 
2013). In the present study, we examined the interactive effects of 
testosterone with basal cortisol and with CAR on adolescents’ strategic 
and pure fairness.

In summary, our study systematically examined: (1) the effects of 
age-related changes and sex differences on adolescent fairness towards 
friends and strangers in the UG and DG; (2) how testosterone and 
cortisol (both basal cortisol and CAR) independently and interactively 
influenced adolescent fairness; and (3) whether sex moderated the 
interaction between cortisol and testosterone in relation to fairness. 
Building upon the previous findings outlined above, we anticipated that 
adolescents would show greater fairness towards friends compared to 
strangers, and that this parochial fairness would increase with age. We 
also expected to observe sex differences in parochial fairness decision- 
making and the underlying hormonal mechanisms. Furthermore, while 
previous dual-hormone hypothesis research has posited that cortisol 
attenuates the behavioral influence of testosterone, especially in socially 
dominant or aggressive contexts, we anticipated that this interaction 
may differ in adolescence. Specifically, drawing on emerging neuroen
docrine evidence that adolescence is characterized by a transient pattern 
of HPA-HPG axis coupling (Harden et al., 2016; Shirtcliff et al., 2015), 
we hypothesized that this developmental phenomenon may modulate or 
even reverse the traditional dual-hormone hypothesis effect in social 
decision-making contexts such as fairness.

2. Methods

2.1. Participants

Our sample included 381 typically developing adolescents (age 
range = 10–17 years; M = 14.6, SD = 1.95), who had no history of 
neurological or psychiatric illness, no current use of any medication or 
drugs, and no major exams within a week. Participants who failed to 
complete both trials of the UG and DG tasks were excluded from the 
analysis. Given that each game involved only two trials (one with a 
friend and one with a stranger), participants who missed more than one 
trial were excluded. Specifically, one participant was excluded from the 
UG due to missing both trials, leaving a final sample of 380 participants 
(36.84 % female, 63.16 % male) with a mean age of 14.49 years (SD =
1.97, range: 11–17). In the DG, six participants were excluded due to 
missing both trials, resulting in a final sample of 375 participants 
(37.07 % female, 62.93 % male) with a mean age of 14.49 years (SD =
1.97, range: 11–17). The mean age of male participants was significantly 
higher than that of female participants (UG: t (378) = 3.35, p < 0.001, 
Cohen’s d = 0.36; DG: t (373) = 3.24, p < 0.001, Cohen’s d = 0.35). The 
experimental protocol was approved by the ethical committee at Beijing 
Normal University. Written informed consent was obtained from par
ticipants and their parents.

2.2. Salivary cortisol and testosterone collection and analysis

Participants and their parents were provided with comprehensive 
written instructions and precautions for saliva collection, along with 
Salivette collection devices (Sarstedt, Nümbrecht, Germany). Addition
ally, participants received verbal guidance and practical training on the 
proper procedure for collecting saliva samples while at school. They 
were instructed to obtain five saliva samples, with parental assistance if 
necessary: one sample before bedtime in the evening (S0), and the 
remaining four samples collected immediately upon awakening the 
following morning (S1), followed by subsequent samples at 15-minute 
(S2), 30-minute (S3), and 60-minute (S4) intervals thereafter. To 
ensure the reliability of salivary data, participants were instructed to 
adhere to specific sleep patterns, aiming to fall asleep before 11:30 p.m. 
and wake up after 5 a.m., averaging 7.5 h of sleep per day, in the week 
leading up to the experiment. They were also asked not to brush teeth, 
smoke, drink, eat or exercise excessively for at least 60 min before 
sampling. Upon collection, the samples were taken back to the school by 
the participants and then transported back to the laboratory with dry 
ice, where they were kept at − 80◦C until assay. Samples were excluded 
from further analysis if participants reported any form of illness (such as 
periodontitis, fever, or endocrine diseases), had taken medication, 
especially hormone medications, within the preceding two weeks, were 
in close proximity to their menstrual cycle (for female participants), or 
failed to adhere strictly to the designated sampling times.

The samples were thawed and centrifuged at 3500 rpm for 5 min. 
Salivary testosterone levels were assessed using an enzyme-linked 
immunoassay kit developed for saliva (Salimetrics, State College, PA), 
featuring a sensitivity of 0.500 nmol/L (lower limit). The assay’s stan
dard range spanned from 0.5 to 1750 nmol/L testosterone. Due to 
limited sample volume, we did not assess assay precision. Salivary 
cortisol concentrations were analyzed by use of electro
chemiluminescence immunoassay (Cobas e 601, Roche Diagnostics, 
Nümbrecht, Germany), with the following parameters: sensitivity, 0.500 
nmol/L (lower limit), and standard range in the assay, 0.5–1750 nmol/L. 
Intra- and inter-assay coefficient variations were 6.25 % and 8.33 %, 
respectively.

Testosterone levels were derived from the pre-bedtime sample (S0) 
to assess HPG-axis activity. Testosterone follows a circadian rhythm, 
peaking in the morning and declining throughout the day to its lowest 
point in the evening (Bremner et al., 1983; Kuzawa et al., 2016). The 
pre-bedtime sample reflects this evening nadir and has been shown to be 
a stable indicator of basal testosterone (Wang et al., 2022). Basal cortisol 
levels were also assessed from the pre-bedtime sample (S0). Cortisol 
follows a similar rhythm, with a rapid increase upon awakening (CAR) 
and a gradual decline to a stable low in the evening (Endler and 
Kocovski, 2001; Gunnar and Cheatham, 2003). Evening cortisol levels 
have been used as a reliable proxy for basal cortisol (Tarullo et al., 2020; 
Tian et al., 2021; Wang et al., 2022; Zhu et al., 2019). The calculation of 
the area under the curve (AUC) based on four points in the morning 
served as an indicator of the CAR, computed as follows: 

CAR = AUCi = (S1 + S2) × 0.25/2 + (S2 + S3) × 0.25/2 + (S3 + S4) 
× 0.5/2 − S1 × (0.25 + 0.25 + 0.5)                                                    

The missing hormone data (no missing data for testosterone; 22 
missing data for S0 and S1, 24 for S2 and S3, and 26 for S4) were 
interpolated using the mean value for each sampling point. Following 
mean imputation, we assessed the normality of hormonal indicators 
(testosterone, basal cortisol and CAR). Raw hormonal data were log- 
transformed to adjust for skew (Table S1). Prior to commencing 
formal data analysis, z-transformation was conducted on hormonal in
dicators based on sex-specific concentration differences (Table S2). 
Specifically, CAR and testosterone were z-transformed within sex groups 
to account for the observed disparities, whereas basal cortisol, unaf
fected by sex differences, underwent direct z-transformation across the 
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entire dataset.

2.3. Psychological tasks

2.3.1. Ultimatum game (UG)
This task was adapted from the classic Ultimatum Game (UG) (Güth 

et al., 1982), which could be used to measure strategy fairness (Fehr and 
Gintis, 2007). In the current version of the UG (Fig. 1A), participants 
played as the proposer and needed to divide 10 tokens between them
selves and a responder, who could choose to accept or reject the offer. If 
the responder accepted the proposal, the tokens were divided according 
to the proposer’s suggestion. However, if the responder rejected the 
proposal, neither player received any tokens. Each participant 
completed two rounds of the UG, once with a friend and once with a 
stranger, with the order randomized. Importantly, participants did not 
receive feedback on whether their offers were accepted or rejected. 
Compensation was performance-based, with the final reward value 
determined by the number of tokens participants retained across the 
games.

2.3.2. Dictator game (DG)
This task was derived from the classic Dictator Game (DG), where the 

dictator’s decision served as a measure of pure fairness (Kahneman 
et al., 1986). In the adapted version of the DG (Fig. 1B), participants 
acted as the dictator and were tasked with dividing 10 tokens between 
themselves and another player (the receiver); however, different from 
the UG, the receiver had to accept the dictator’s allocation. Participants 
completed two rounds of the DG, one with a friend and one with a 
stranger, with the order randomized. As in the UG, compensation was 
performance-based, determined by the number of tokens participants 
retained across the games.

2.4. Statistical analysis

In exploring the development of fairness decision-making in ado
lescents, we initially performed Spearman correlations between age and 
various fairness indicators. These indicators included the amounts 
allocated to the friend and stranger, as well as the allocation differences 
(friend minus stranger, used as the indicator of the effect of social dis
tance on corresponding fairness) in the UG (strategic fairness) and DG 
(pure fairness). Furthermore, to understand the influence of social dis
tance and sex on fairness, we conducted separate mixed two-way 

repeated-measures ANOVAs on strategic and pure fairness. Here, sex 
(female, male) served as a between-subject variable, while social dis
tance (friend, stranger) acted as a within-subject variable.

We then conducted initial analyses on adolescents’ cortisol diurnal 
patterns using repeated-measures ANOVAs, considering sampling time 
as a within-subject factor, sex as a between-subject factor, and age as a 
covariate. Additionally, we examined sex differences in testosterone 
concentrations using independent-sample t-tests. To investigate the 
separate impacts of the HPA axis and the HPG axis on adolescents’ fair 
behaviors, we conducted a series of regression analyses. The dependent 
variables in these models included the amount allocated to the friend 
and stranger, as well as the allocation differences (friend minus 
stranger), in both the UG and DG. Initially, we entered HPA axis indices 
(basal cortisol and CAR) and testosterone as predictors in separate 
regression models, with biological sex (coded as male = 1; female = 0) 
and age as covariates. Subsequently, to explore the interaction between 
cortisol and testosterone on fairness decision-making, we separately 
regressed the indexes of the HPA axis, testosterone and their interaction 
term (mean-centered) on fairness indicators, with sex and age as cova
riates. We then conducted further exploratory analyses to examine 
whether sex moderated the relationship among fairness, testosterone 
and cortisol, incorporating two-way interactions of cortisol × sex and 
testosterone × sex, and the three-way interaction of cortisol 
× testosterone × sex to the multiple regression models. Simple slope 
analyses were performed following statistically significant interactions 
(±1 SD). While our primary goal was to explore how hormonal indices 
predict allocation to each target and the allocation difference (as an 
index of the effect of social distance on fairness), we also performed 
linear mixed-effects models (LMMs) using the lme4 package (Douglas 
Bates et al., 2015) to account for the within-subject nature of the social 
distance manipulation (friend vs. stranger) and served as a robustness 
check for the main regression analyses. These models included social 
distance, basal cortisol (or CAR), testosterone, and their interactions as 
fixed effects, with sex and age as covariates and participant as a random 
intercept. We further expanded these models to include sex and its 
two-way and three-way interactions with cortisol (or CAR) and testos
terone, again controlling for age. The LMMs were conducted separately 
for the UG and DG, and the results are presented in Supplementary 
Tables S11–S14, which correspond to the main regression results re
ported in Tables S6–S9. The findings from the LMMs were consistent 
with the main regression analyses, confirming the robustness of the 
hormonal effects on fairness.

Fig. 1. Example trials of the ultimatum game (UG) and dictator game (DG). The sequence of events and timing in a trial when participants acted as proposers in the 
UG (A), playing either with a friend (top row) or a stranger (an unknown peer, bottom row), and as dictators in the DG (B), also playing either with a friend (top row) 
or a stranger (an unknown peer, bottom row). (derived from Su et al., 2020).
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All statistical analyses were conducted using the SPSS (version 25, 
Chicago, IL, USA) and R (v.4.1.1). Greenhouse-Geisser correction was 
applied when the assumption of sphericity was violated in repeated- 
measures ANOVAs. Bonferroni correction was used for post-hoc pair
wise comparisons following ANOVAs. To account for multiple compar
isons in correlational and regression analyses, false discovery rate (FDR) 
correction was applied using the Benjamini-Hochberg procedure. FDR- 
adjusted p-values (pFDR) are reported where applicable.

3. Results

3.1. Effects of social distance on adolescents’ fairness

As adolescents matured, they paid more attention to social distance 
information when making strategic (rho = 0.3, p < 0.001, pFDR < 0.01) 
and pure fair decisions (rho = 0.1, p = 0.05, statistical marginal signif
icance, pFDR = 0.15). The amounts allocated to friends and strangers 
were not significantly correlated with age in either strategic or pure 
fairness (ps > 0.07).

To further explore the influence of social distance and sex on ado
lescents’ fairness, we conducted separate mixed two-way repeated- 
measures ANOVAs on strategic and pure fairness, with sex (female, 
male) as a between-subject variable, social distance (friend, stranger) as 
a within-subject variable (Fig. 2). Regarding strategic fairness, the 
analysis revealed a significant main effect of social distance, (F (1, 378) 
= 35.5, p < 0.001, partial η2 = 0.09, ω2 = 0.02), indicating that the 
amount allocated to friends was significantly greater than that allocated 
to strangers. However, neither the main effect of sex nor the interaction 
between sex and social distance was significant (ps > 0.22). In terms of 
pure fairness, the results demonstrated a significant main effect of social 
distance (F (1, 373) = 98.1, p < 0.001, partial η2 = 0.21, ω2 = 0.07), 
with the amount allocated to friends significantly exceeding that allo
cated to strangers. Similar to strategic fairness, neither the main effect of 
sex nor the interaction was significant (ps > 0.17).

Overall, as adolescents matured, they paid more attention to social 
distance information when making strategic and pure fairness decisions, 
while sex had no significant impact on fairness behavior. Notably, 
although both games revealed significant main effects of social distance, 
the effect size was substantially larger in the DG than in the UG. This 
suggests that social distance may exert a stronger influence on pure 
fairness than on strategic fairness, possibly reflecting less normative or 
strategic modulation in the former context.

3.2. Preliminary analyses of adolescents’ cortisol and testosterone

Cortisol levels as a function of sampling time points (i.e., S0, S1, S2, 

S3, and S4) are shown in Fig. 3A. Repeated-measures analyses of vari
ance with sampling time as a within-subject factor, sex as a between- 
subject factor, and age as a covariate for cortisol data demonstrated a 
significant main effect of time (F (2.75, 1035.73) = 14.28, p < 0.001, 
partial η2 = 0.04, ω2 = 0.02), a significant main effect of sex (F (1, 377) 
= 18.69, p < 0.001, partial η2 = 0.05, ω2 = 0.02) and a significant 
interaction effect of time × sex (F (2.75, 1035.73) = 6.39, p < 0.001, 
partial η2 = 0.02, ω2 = 0.01). Participants exhibited a notable increase in 
cortisol responses from pre-bedtime (S0, basal cortisol) to immediate 
awakening in the morning (S1). Subsequently, cortisol levels continued 
to increase (S2) and peaked approximately 30 min later (S3), followed 
by a rapid decline 60 min after awakening (S4), observed consistently 
across both sexes. Further post-hoc analyses revealed that the pre- 
bedtime cortisol level was significantly lower than cortisol levels at all 
other four points the following morning for both sexes (ps < 0.001 for all 
other four points, Bonferroni corrected). Independent-sample t-tests 
were also conducted to examine potential sex differences in testos
terone, CAR and cortisol levels at five sampling time points. These an
alyses revealed no significant differences between the sexes in their 
cortisol levels at pre-bedtime (S0, basal cortisol) and immediate awak
ening (S1, Table S2), ps > 0.30. However, male adolescents compared 
with female ones showed lower cortisol awaken responses and morning 
cortisol increases (CAR, S2, S3, and S4; Table S1 and S2; tCAR (378) 
= -2.27, p < 0.05, Cohen’s d = -0.24; tS2 (378) = -3.2, p < 0.01, Cohen’s 
d = -0.34; tS3 (378) = -3.04, p < 0.01, Cohen’s d = -0.32; tS4 (378) 
= -2.47, p < 0.05, Cohen’s d = -0.26). The findings revealed prominent 
diurnal dynamics of the HPA-axis system in adolescents, featuring lower 
basal cortisol levels before sleep and elevated CAR in the morning, 
observed consistently across both sexes. Notably, CAR elevation was 
more evident in female adolescents than in males. Additionally, males 
demonstrated significantly higher testosterone concentrations 
compared to females (Fig. 3B; t (378) = 2.45, p < 0.05, Cohen’s 
d = 0.26).

Overall, cortisol levels exhibited significant diurnal variations in 
adolescents, with a notable increase from pre-bedtime to immediate 
awakening, and while both sexes showed similar patterns, female ado
lescents had higher CAR, while males had significantly higher testos
terone levels.

3.3. Separate effects of cortisol and testosterone on adolescents’ fairness

We initially conducted several regressions to explore the separate 
influences of cortisol and testosterone on adolescents’ strategic fairness 
and pure fairness, with sex and age as covariates. The results showed 
that basal cortisol was positively related to the amounts allocated to the 
friends in UG (B = 0.12, F (1, 376) = 5.29, p < 0.05, partial η2 = 0.02, 

Fig. 2. Allocations to friends and strangers by different sexes in the Ultimatum Game (UG, A) and Dictator Game (DG, B). Adolescents exhibited evident parochial 
fairness in both the UG and DG. Error bars indicate the standard error of the mean (s.e.m.).
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pFDR = 0.4). Testosterone was negatively correlated to the amount 
allocated to friends in DG (B = − 0.1, F (1, 341) = 3.43, p = 0.07, partial 
η2 = 0.01, marginal significance, pFDR = 0.39). Other effects were not 

significant (ps > 0.15; Tables S3 for basal cortisol, Tables S4 for CAR, 
Tables S5 for testosterone).

Fig. 3. Salivary cortisol and testosterone levels. (A) Average cortisol levels as a function of sampling time points for participants of different sexes. The x-axis 
represents five saliva sampling time points: pre-bedtime during the night; immediately after awakening (0 min); and 15 min, 30 min, and 60 min post-awakening. the 
y-axis represents salivary cortisol concentration (nmol/L). Females exhibited a higher cortisol awakening response (CAR) compared to males, whereas no significant 
difference in basal cortisol levels was observed between sexes. (B) Testosterone concentration differences between Male and Female adolescents. Male adolescents 
had significantly higher testosterone concentrations than female adolescents. Error bars indicate the standard error of the mean (s.e.m.). *p < 0.05.

Fig. 4. Testosterone × basal cortisol and testosterone × CAR interactions in the differential allocation between friends and strangers in the UG. Testosterone was 
positively associated with differential allocation in UG only at high basal cortisol levels (A), and was positively correlated with differential allocation at low CAR and 
negatively correlated at high CAR (B). Note: Plotted lines represent conditional values at low (− 1 SD), mean, and high (+1 SD) levels of basal cortisol and CAR.
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3.4. Effects of interaction between basal cortisol and testosterone on 
adolescents’ fairness

In terms of strategic fairness, we conducted several multiple re
gressions to examine whether testosterone and basal cortisol jointly 
influence adolescents’ fair behavior in UG, using the amounts allocated 
to the friends, strangers, and their differences as dependent variables, 
respectively, with sex and age as covariates (Tables S6).

Regarding the differences in amounts allocated between friends and 
strangers in UG, the results showed a significant interaction between 
basal cortisol and testosterone (B = 0.15, F (1, 374) = 5.1, p < 0.05, 
partial η2 = 0.01, pFDR = 0.15) (Fig. 4A). Subsequent simple slope 
analysis of testosterone revealed that at high levels (+1 SD) of basal 
cortisol, adolescents’ testosterone was positively correlated to allocation 
differences (B = 0.15, F (1, 374) = 3.98, p < 0.05, partial η2 = 0.01). 
However, this correlation was not significant at low (-1 SD) and average 
(mean) levels of basal cortisol (B = − 0.11, F (1, 374) = 1.91, p = 0.17, 
partial η2 = 0.005; and B = 0.02, F (1, 374) = 0.16, p = 0.69, partial η2 

= 0.00, respectively). To explore whether sex moderated the relation
ship of fairness with testosterone and cortisol, we incorporated two-way 
interactions (cortisol × sex, testosterone × sex) and a three-way inter
action (cortisol × testosterone × sex) into the regression (Tables S7). 
Apart from the basal cortisol × testosterone interaction (B = 0.15, F (1, 
371) = 5.27, p < 0.05, partial η2 = 0.01, pFDR = 0.15), no sex-related 
interactions were significant (ps > 0.44).

Regarding the strategic fairness towards friends, apart from the 
marginally significant main effect of basal cortisol (B = 0.09, F (1, 374) 
= 3.13, p = 0.08, partial η2 = 0.01, pFDR = 0.47) and the interaction 
between basal cortisol and testosterone (B = 0.1, F (1, 374) = 3.04, 
p = 0.08, partial η2 = 0.01, pFDR = 0.25), all other effects were not sig
nificant (ps > 0.19). Subsequent simple slope analysis of testosterone 
revealed that at high levels (+1 SD) of basal cortisol, a marginally sig
nificant positive association between adolescents’ testosterone and the 
amounts allocated to friends (B = 0.14, F (1, 374) = 3.26, p = 0.07, 
partial η2 = 0.01). However, this correlation was not significant at low 
(-1 SD) and average (mean) levels of basal cortisol (B = − 0.07, F (1, 374) 
= 0.66, p = 0.42, partial η2 = 0.002; and B = 0.04, F (1, 374) = 0.48, 
p = 0.49, partial η2 = 0.001, respectively). We then incorporated two- 
way interactions (cortisol × sex, testosterone × sex) and a three-way 
interaction (cortisol × testosterone × sex) into the regression and 
found no significant sex-related interactions (ps > 0.35).

Regarding the strategic fairness towards strangers, no effects were 
statistically significant (ps > 0.32). In summary, we found that in ado
lescents with high basal cortisol levels, testosterone was positively 
associated with the amount allocated to friends and the difference in 
allocations between friends and strangers. This suggests that among 
adolescents with high testosterone levels, individuals with high basal 
cortisol levels are more likely to distinguish between in-group and out- 
group fairness in strategic allocation, predominantly by demonstrating 
greater strategic fairness towards their friends.

In terms of pure fairness, we conducted several multiple regressions 
to examine whether testosterone and basal cortisol jointly influence 
adolescents’ fair behavior in DG, using the amounts allocated to the 
friends, strangers, and their differences as dependent variables, respec
tively, with sex and age as covariates. None of the interaction effects 
reached statistical significance (ps > 0.15). We further incorporated 
two-way interactions (cortisol × sex, testosterone × sex) and a three- 
way interaction (cortisol × testosterone × sex) into the regressions 
and found no significant interactions (ps > 0.12) (Tables S6 and S7).

Overall, in terms of strategic fairness, adolescents with high testos
terone levels and high basal cortisol were more likely to allocate more 
resources to friends than to strangers, with no significant effects found 
for pure fairness, nor any sex-related interactions.

3.5. Effects of interaction between CAR and testosterone on adolescents’ 
fairness

In terms of strategic fairness, we conducted several multiple re
gressions to examine whether testosterone and CAR jointly influence 
adolescents’ fair behavior in UG, using the amounts allocated to friends, 
strangers, and their differences as dependent variables, respectively, 
with sex and age as covariates (Tables S8).

Regarding the differences in amounts allocated between friends and 
strangers in UG, the results showed a significant interaction between 
CAR and testosterone (B = − 0.17, F (1, 374) = 10.29, p < 0.01, partial η2 

= 0.03, pFDR < 0.01) (Fig. 4B). Subsequent simple slope analysis of 
testosterone revealed that adolescents’ testosterone was positively 
correlated to allocation differences at low levels (-1 SD) of CAR (B =
0.21, F (1, 374) = 7.74, p < 0.01, partial η2 = 0.02), while was negative 
related to allocation differences at high levels (+1 SD) of CAR (B =
− 0.13, F (1, 374) = 3.28, p = 0.07, partial η2 = 0.01, marginal signifi
cance). This association was not significant at average (mean) levels of 
CAR (B = 0.04, F (1, 374) = 0.72, p = 0.4, partial η2 = 0.002).

To explore whether sex moderated the relationship of fairness with 
testosterone and cortisol, we incorporated two-way interactions 
(cortisol × sex, testosterone × sex) and a three-way interaction (cortisol 
× testosterone × sex) into the regression (Tables S9). The cortisol 
× testosterone × sex interaction was marginally significant (B = 0.2, F 
(1, 374) = 3.51, p = 0.06, partial η2 = 0.01, pFDR = 0.19). Subsequently, 
separate simple slope analyses of CAR for both sexes showed that among 
male adolescents, testosterone was positively correlated with the allo
cation differences at low levels (-1 SD) of CAR (B = 0.31, F (1, 371) 
= 11.17, p < 0.001, partial η2 = 0.03), while it was negatively related to 
the allocation differences at high levels (+1 SD) of CAR (B = − 0.18, F (1, 
371) = 3.91, p < 0.05, partial η2 = 0.01) (Fig. 5A). No significant 
interaction between CAR and testosterone was observed in female ad
olescents (ps > 0.61; Fig. 5B).

Regarding the strategic fairness towards friends, the interaction be
tween CAR and testosterone was significant (B = − 0.13, F (1, 374) 
= 5.69, p < 0.05, partial η2 = 0.02, pFDR = 0.05). Subsequent simple 
slope analysis of testosterone revealed a positive association between 
adolescents’ testosterone and the amounts allocated to friends (B = 0.14, 
F (1, 374) = 3.21, p = 0.07, partial η2 = 0.01, marginal significance) at 
low levels (-1 SD) of CAR. However, this correlation was not significant 
at average (mean) and high (+1 SD) levels of CAR (B = 0.004, F (1, 374) 
= 0.01, p = 0.94, partial η2 = 0.000; and B = -0.13, F (1, 374) = 2.7, 
p = 0.1, partial η2 = 0.01, respectively). We then incorporated sex- 
related interactions into the regression and found a significant triple 
interaction (B = 0.27, F (1, 371) = 5.89, p < 0.05, partial η2 = 0.02, pFDR 
= 0.1). Subsequently, separate simple slope analyses of CAR for both 
sexes showed that among male adolescents, testosterone was positively 
correlated with the allocations to friends at low levels (-1 SD) of CAR (B 
= 0.3, F (1, 371) = 9.65, p < 0.01, partial η2 = 0.03), while it was 
negatively related to the allocation differences at high levels (+1 SD) of 
CAR (B = − 0.17, F (1, 371) = 3.37, p = 0.07, partial η2 = 0.01, marginal 
significance). No significant interaction between CAR and testosterone 
was observed in female adolescents (ps > 0.63).

Regarding the strategic fairness towards strangers, neither model 
was statistically significant (ps > 0.24). In summary, we found that 
among male adolescents with low CAR, the associations between 
testosterone and the amount allocated to friends and the difference in 
allocations between friends and strangers were positive, while among 
those with high CAR, these associations were negative.

In terms of pure fairness, we conducted several multiple regressions 
to examine whether testosterone and CAR jointly influence adolescents’ 
fair behavior in DG, using the amounts allocated to the friends, 
strangers, and their differences as dependent variables, respectively, 
with sex and age as covariates. None of the interaction effects reached 
statistical significance (ps > 0.16). We further incorporated two-way 
interactions (cortisol × sex, testosterone × sex) and a three-way 
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interaction (cortisol × testosterone × sex) into the regressions and found 
no significant interactions (ps > 0.15) (Tables S8 and S9).

Overall, in terms of strategic fairness, the interaction between CAR 
and testosterone influenced adolescents’ behavior, with male adoles
cents showing a positive correlation between testosterone and both 
differential allocations and allocations to friends at low CAR levels, and 
a negative correlation at high CAR levels, while no significant effects 
were found for pure fairness or in female adolescents.

4. Discussion

Adolescence is a critical period for developing moral and ethical 
values (Dahl et al., 2018). Fairness plays a central role in shaping their 
sense of justice and notions of right and wrong (Rutland and Killen, 
2017). The current study examined how cortisol (basal cortisol and 
CAR) and testosterone influenced adolescents’ strategic and pure fair
ness towards friends and strangers, and revealed sex differences and 
potential dual-hormone mechanisms in fairness decision-making. As 
adolescents matured, they demonstrated increased parochial fairness by 
allocating more tokens to friends than strangers in both strategic and 
pure fairness decisions. No sex differences were found in strategic and 
pure fairness. Testosterone was positively associated with differential 
strategic fairness at high basal cortisol levels. Moreover, testosterone 

was positively correlated at low CAR levels, while negatively correlated 
at high CAR levels. This hormonal pattern was observed in male ado
lescents, but not in females. The findings emphasize sex-specific dual-
hormonal influences on adolescent fairness decisions, demonstrating 
distinct physiological pathways through which hormones contribute to 
the development of moral values in males and females.

Consistent with previous research, our study found that adolescents 
increasingly considered social distance in their fairness decisions as they 
aged (Fehr et al., 2013; Güroǧlu et al., 2009). There was a notable 
age-related increase in their preference for allocating more tokens to 
friends than to strangers in both the UG and DG. They place greater 
emphasis on social relationships when making decisions about resource 
allocation and showed a growing awareness of the potential for reci
procity and social cohesion within their peer groups (Leider et al., 
2011). Higher sharing behavior towards friends may serve as a strategy 
to enhance social status and acceptance among peers (Hawley, 1999). 
However, contrary to expectations, no significant sex differences were 
observed in either strategic or pure fairness.

Notably, we observed that high testosterone levels were positively 
correlated with allocation differences between friends and strangers at 
high basal cortisol levels, whereas this correlation was not significant at 
lower basal cortisol levels. This dual-hormone interaction also influ
enced allocations specifically towards friends rather than strangers. Our 

Fig. 5. Interaction between testosterone and cortisol awakening response (CAR) on differential allocation between friends and strangers in the UG, moderated by sex. 
Testosterone was positively correlated with differential allocation in UG at low CAR and negatively correlated at high CAR in male adolescents (A), with no such 
correlations in female adolescents (B). Note: Plotted lines represent conditional values at low (− 1 SD), mean, and high (+1 SD) levels of CAR.
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findings contradicted the dual-hormone hypothesis where cortisol and 
testosterone mutually inhibited each other’s behavioral effects (Mehta 
and Josephs, 2010). According to the dual-hormone hypothesis, high 
testosterone levels should be positively linked to the allocation differ
ences and allocation to friends at low basal cortisol levels but not at high 
basal cortisol levels, and vice versa. One candidate explanation for the 
inconsistency was the unique developmental stage of adolescence, 
where both the HPA and HPG axes experienced reactivation and un
precedented maturation, including co-intense increases in hormones of 
the adrenal and gonadal origin (Ellis and Del Giudice, 2019; Ruttle et al., 
2015; Shirtcliff et al., 2015). The interaction between HPA and HPG axis 
activity may influence behavioral decision-making, potentially affecting 
the relationship between basal cortisol and testosterone on strategic 
fairness. However, we did not find a corresponding dual-hormone 
pattern for pure fairness in adolescents. Moreover, research in adults 
also demonstrated the positive coupled interaction wherein the influ
ence of testosterone on behavior was strengthened at high cortisol 
concentrations (Denson et al., 2013). We further conjectured that the 
behavioral expression of dual-hormone interactions is not merely a 
direct reflection of their neuroendocrine patterns. Instead, it is likely 
influenced by environmental factors with an adaptive purpose, leading 
to different interaction patterns in varying contexts. Recently, Knight 
et al. (2022) extended the prior theoretical framework and further 
proposed a context-dependent dual-hormone hypothesis that in
dividuals exhibited distinct dual-hormonal patterns depending on 
different motivations. For low-cortisol individuals, increased testos
terone enhanced status-seeking motivation, leading them to prefer 
competing against high-status opponents; by contrast, for high-cortisol 
individuals, increased testosterone triggers status-loss avoidance moti
vation, making them prefer competing against low-status opponents to 
mitigate the risk of losing to higher-status ones. In the context of the UG, 
characterized by critical social negotiations and potential total loss upon 
rejection, where adolescents with high basal cortisol and testosterone 
are more likely motivated by status-loss avoidance (Overgaauw et al., 
2012). This inclination encouraged them to allocate more resources to 
friends rather than strangers, as favoring friends serves as a strategy to 
maintain and protect their social status within their immediate social 
group. By ensuring a preferential allocation to friends, these adolescents 
reinforced intra-group cohesion, thereby mitigating the potential for 
conflicts or challenges to their social status within their social network. 
In contrast, the DG involved unilateral decisions where adolescents 
allocated resources without considering reciprocity or social implica
tions (Güroǧlu et al., 2009). Therefore, the motivational framework 
related to status-seeking or status-loss avoidance, as observed in the UG, 
may not be as relevant or impactful in the DG.

We found the sex-specific dual-hormone mechanisms underlying 
strategic fairness. Initially, there were sex differences in the activity of 
HPA and HPG axes, with males having higher testosterone levels and 
females showing more evident CAR, which aligned with the prior find
ings (Barry et al., 2011; González-Sales et al., 2016; Handelsman et al., 
2018; Oskis et al., 2009; Wright and Bukowski, 2021). Moreover, we 
also found the sex-specific interaction of CAR and testosterone on 
adolescent strategic fairness. Testosterone was positively associated 
with differential strategic fairness at low CAR, but negatively correlated 
at high CAR. The same pattern was also observed in male adolescents’ 
allocation towards friends in UG. Interestingly, there were different 
patterns between basal cortisol and CAR in their interactions with 
testosterone on strategic fairness in adolescents. The differences could 
be attributed to the unique physiological roles of CAR, which repre
sented the body’s mobilization of energy to meet the anticipated de
mands of the forthcoming day (Elder et al., 2014; Fries et al., 2009). 
Recently, CAR was regarded as a biological mechanism that connected 
social relationships (or their absence) with health outcomes 
(Armstrong-Carter and Telzer, 2021; Baliyan et al., 2021). Elevated CAR 
may enhance an individual’s readiness and ability to engage with social 
environments daily (Baliyan et al., 2021; Sladek and Doane, 2015; Wang 

et al., 2022). Among adolescents with both high CAR and high testos
terone, we observed lower differentiation in strategic fairness between 
friends and strangers. This pattern suggested that the combination of a 
heightened state of readiness (reflected by high CAR) and increased 
status-seeking motivation (driven by high testosterone) enhanced ado
lescents’ willingness to allocate more fairly towards strangers, poten
tially as a strategy to establish new social connections and expand their 
social networks. This behavior appeared to be more aligned with a 
status-seeking orientation. In contrast, adolescents with both low CAR 
and high testosterone showed the greatest differentiation in strategic 
fairness, favoring friends over strangers. This suggested a more conser
vative, in-group-focused approach, possibly motivated by a desire to 
avoid status loss. These individuals likely preferred to reinforce existing 
social bonds rather than invest effort in developing new ones, reflecting 
a protective strategy to maintain social standing within their current 
peer group.

Although the interaction patterns between basal cortisol and 
testosterone and those between CAR and testosterone on strategic fair
ness differed in direction, they may share a common underlying mech
anism. Specifically, individuals with high basal cortisol and low 
CAR—typically associated with chronic stress—in combination with 
high testosterone, may be more strongly influenced by status-loss 
avoidance motivation during fairness-related decision-making. This 
tendency likely drives them to allocate more resources to friends rather 
than strangers, thereby reinforcing their status and securing their posi
tion within their immediate social group.

Despite novel contributions, there were several limitations to the 
present study. First, the observed associations between hormonal levels 
and fairness-related decisions were correlational in nature, and no 
causal inferences could be made. It was possible that unmeasured third 
variables, such as pubertal development or environmental context, may 
have underlain both hormonal profiles and behavioral outcomes. 
Although we controlled for chronological age, individual differences in 
pubertal timing could have introduced additional variability in hormone 
levels. Future research would benefit from incorporating direct mea
sures of pubertal status, such as self-reported menstruation onset, Tan
ner staging, or physician-assessed indicators. Second, we did not include 
measures of early life stress or socioeconomic status, both of which may 
have moderated the interplay between hormones and decision-making 
processes. Given the theoretical emphasis on environmental in
fluences, future studies should consider including indices such as the 
Risky Family Scale or objective socioeconomic indicators to test 
moderation models involving environmental harshness or unpredict
ability. Third, methodological limitations related to hormone assess
ment warranted consideration. Cortisol and testosterone were analyzed 
using assay methodologies, which may have introduced unwanted 
methodological variance, particularly when examining hormonal in
teractions. Additionally, saliva samples were collected using Salivettes, 
which have been shown in some studies to inflate hormone levels, 
particularly testosterone concentrations (Giltay et al., 2012; Prasad 
et al., 2017; Shirtcliff et al., 2001). This issue may have also differen
tially impacted measurement validity across sexes, with testosterone 
levels being more validly measured in males than in females (Keevil 
et al., 2014; Schultheiss and Mehta, 2019). These measurement con
straints may have partially accounted for the stronger effects observed in 
males, in particular the similar patterns being observed in females. 
Future work should consider using more sensitive and standardized 
methods, and may also benefit from including female sex hormones (e. 
g., estradiol, oxytocin) to further explore sex-specific hormonal dy
namics. In addition, hormone data missingness was addressed via mean 
imputation due to the relatively low proportion of missing values. While 
this approach offered simplicity and minimized distortion of group-level 
estimates, it may underestimate variability and introduce bias, espe
cially when interactions were modeled. Finally, while we examined CAR 
and bedtime levels, we did not analyze the diurnal slope, which could 
have provided additional insights into HPA axis functioning. Future 
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studies should aim to collect afternoon samples to enable a more 
comprehensive assessment of diurnal cortisol patterns.

5. Conclusions

As adolescents mature, they increasingly consider social distance in 
both strategic and pure fairness decisions, favoring friends over 
strangers. High testosterone levels are positively associated with allo
cation differences in strategic fairness at high basal cortisol levels, but 
not at low levels. Furthermore, in male adolescents only, testosterone 
levels are positively correlated with allocation differences in strategic 
fairness at low CAR, but negatively correlated at high CAR. These 
findings reveal hormonal influences on fairness during adolescence and 
offer insights for promoting fair and ethical behavior in youth.
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