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Abstract Correlational research has linked testosterone (T) to moral reasoning, such
that individuals high in T respond to moral dilemmas in a more utilitarian manner
(Carney and Mason 2010). In the present study, 30 male undergraduates completed
baseline measures of T, psychopathic traits, and digit-ratio (2D:4D) and were subsequently administered 150 mg of testosterone or placebo in a double-blind withinsubjects experiment meant to explore a potential causal influence of T on moral
decision-making. Following drug administration, participants rated their agreement
with a set of incidental and instrumental moral dilemmas, the total of which provided
an index of the participant’s utilitarian decision-making on that testing day. Results
revealed a significant drug × type of dilemma interaction. Post-hoc analyses revealed
that T administration was associated with increased utilitarian behavior within incidental moral dilemmas, but with decreased utilitarian decision-making in instrumental
dilemmas, although neither trend was statistically-significant. The interpersonal/
affective facet (i.e., Factor 1) of psychopathy was positively correlated with utilitarian
responses. No effects were found for baseline testosterone or digit ratio. Potential
reasons underlying the effect of T decreasing utilitarianism in incidental dilemmas, as
well as future directions for research in this area, are discussed.
Keywords Testosterone . Moral decision-making . Psychopathic traits
Morality embodies the values and customs that guide individuals in their social conduct
(Moll et al. 2008). Morality is universal, yet simultaneously varies across cultural or
contextual boundaries (Haidt 2007) and among individuals (Rai and Fiske 2011).
Indeed, some view morality as such an innate human characteristic that it constitutes
a ‘sixth sense’ (Pinker 2008) which most likely evolved as an emotional mechanism for
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regulating social interactions and cooperation in small group living environments.
Suhler and Churchland (2011) argued that such adaptationist hypotheses would be
expected to be supported by evidence from the study of biological mechanisms
underlying moral decision-making. Consistent with this perspective, recent evidence
has suggested that testosterone (T) may play an important role in moral reasoning. The
present study tested this hypothesis experimentally by examining the influence of
exogenous T administration upon men’s moral decision making.
Moral decision-making is typically studied in the laboratory by presenting participants with hypothetical moral dilemmas. For instance, one popular way to study moral
decision-making is to have participants perform the trolley paradigm (Foot 1978;
Thomson 1985). In this hypothetical scenario, participants are told that a runaway
trolley is moving down a track en-route to killing five railway workers and they can
avert this disaster by pulling a lever and in doing so, killing one individual located on a
secondary track, in order to save the five workers. This is considered an incidental
moral decision because the death of the singular worker occurs as a side effect of one’s
pursuit of saving the others (by diverting the train) (Manfrinati et al. 2013). A common
alteration of this problem, known as the footbridge dilemma, presents the option to
once again save five lives, this time by actively pushing an individual off a bridge in
order to stop the trolley. This is considered an instrumental moral decision, given that
the behavior (pushing an individual off of a bridge) occurs as a part of one’s means to
pursue that end (stopping the train) (Manfrinati et al. 2013). Instrumental dilemmas
tend to be more affectively charged relative to incidental dilemmas (Sarlo et al. 2012).
Although both scenarios sacrifice one life in order to save five, often, different results
are shown between the two scenarios. When given the incidental Blever pull^ option,
most choose to do so; when faced with the decision of instrumentally pushing an
individual off of a footbridge, most choose to do nothing, and let fate run its course
(Carney and Mason 2010).
Recent research concerned with identifying the mechanisms underlying individual
differences in utilitarian decision-making has highlighted the role of social-emotional
functioning. Behavioral evidence suggests that emotionality influences moral reasoning, such that high emotionality and physiological arousal are generally linked to less
utilitarian decision making; acutely stressed participants often respond with decreased
utilitarian decision making (Starcke et al. 2012; Youssef et al. 2012), whereas individuals made to suppress their emotions increase their utilitarian moral reasoning (Lee and
Gino 2015).
Neuroimaging and lesion studies have further supported this relationship. At the
neural level, increased utilitarian responding has been linked to damage to the ventromedial prefrontal cortex (vmPFC) –a brain region crucial to the normal generation of
social emotions (Koenigs et al. 2007; Moll and de Oliveira-Souza 2007). Reduced
emotionality in vmPFC patients (as indicated by lower skin conductance response)
mediates the link between damage to this area and utilitarian moral reasoning (Moretto
et al. 2010). Moreover, heightened amygdala reactivity to moral dilemmas correlates
negatively with ratings of the moral acceptability of utilitarian responses. Specifically,
Shenhav and Greene (2014) found that an increase in amygdala reactivity during
emotional assessment of a moral dilemma is negatively correlated with ratings of the
moral acceptability of said dilemma. The authors also found strong vmPFC-amygdala
functional coupling when making emotional assessment of moral dilemmas, suggesting
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that the amygdala provides an affective assessment of the course of action, whereas the
vmPFC integrates that signal with the anticipated utilitarian outcome, perhaps via
reappraisal of the initial emotional meaning of the utilitarian option against the current
situation/goal (such that the vmPFC weakens the negative emotional response to the
utilitarian option, making it more likely to be adopted; Hu and Jiang 2014). Taken
together, converging lines of evidence suggest the heightened emotional reactivity is
linked to reduced utilitarian moral decision-making.

The Role of Testosterone
Given the influence of heightened social emotionality upon moral reasoning, it is
conceivable T would reduce utilitarian decision-making by increasing amygdala reactivity and decreasing amygdala-vmPFC function (e.g., Hermans et al. 2008; Goetz et al.
2014; Radke et al. 2015; van Wingen et al. 2010).
However, indirect and direct evidence conversely suggests that T may actually
increase utilitarian decision-making. Indirect evidence comes from the study of psychopathy, which has been linked to both heightened T levels (Glenn et al. 2011; Welker
et al. 2014; Yildirim and Derksen 2012) as well as increased utilitarian decision-making
in moral dilemmas (Koenigs et al. 2012) perhaps stemming from weaker negative
emotionality surrounding the prospect of harming others (Patil 2015; see also Schaich
Borg et al. 2013). More direct evidence has linked T and moral decision-making.
Carney and Mason (2010) measured basal salivary T and responses to trolley problems.
As expected, 105 of the 117 participants agreed to divert the trolley, but only 39 of the
participants agreed to push the person from the footbridge (Carney and Mason 2010). It
was found that Butilitarians^, who chose the most practical solution in both instances,
were significantly higher in basal T than Bfair-weather utilitarians^ who endorsed the
incidental solution only (Carney and Mason 2010). This suggests that high-T individuals may be more willing to endorse decisions that are costly (and potentially morally
reprehensible) yet logical; in this way, they may be divorced from negative affect
associated with the utilitarian decision (Carney and Mason 2010). Carney and Mason
(2010) suggested that this differential decision-making may be due to a decreased
aversion to risk and diminished sensitivity to affective signals, as well as a higher
threshold for conflict, fear, stress, and threat among high versus low T individuals
(Carney and Mason 2010). Since testosterone is associated with lower sensitivity to
affective signals, which can facilitate the pursuit of empathetic behaviours, the individual is more likely to make less affective decisions, and more utilitarian ones (Carney
and Mason 2010).
However, the Carney and Mason (2010) study was limited by its cross-sectional
design, as well as in using only two dilemmas which were not counterbalanced and
therefore were subject to order effects. Moreover, T levels were derived 3 weeks prior
to actually engaging in the moral decision task. Because T fluctuates based on a
multitude of internal and external factors (e.g., Field et al. 1994; Miller and Maner
2010), it is not certain that participants’ T had any influence on moral reasoning at the
time of making the decisions. Finally, because men and women were collapsed across
gender, it is possible that men may have driven their effect. Indeed, when analyses were
split by sex, there is no significant effect in either men or women (p’s > .11). If too many
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males were among those responding as ‘intransient’ utilitarian—then higher T levels in
this condition relative to others may have been driven by sex differences in T.
Researchers have observed that the T-moral decision-making link may be fundamentally tied to hormonal exposure during development. The 2D:4D ratio (i.e., ratio of
the length of the index finger to the ring finger) has been shown to correlate negatively
with the ratio of prenatal testosterone to estradiol (Lutchmaya et al. 2004), and is
typically lower in men than women (Puts et al. 2004). Some research suggests that the
2D:4D ratio is linked to sociability and empathy (Carré et al. 2015; Knickmeyer et al.
2006; Weisman et al. 2015; van Honk et al. 2011; c.f. Voracek and Dressler 2006); two
factors that are presumably complicit in moral reasoning (Carney and Mason 2010).
Building upon this hypothesis, Montoya et al. (2013) found that women with higher
2D:4D ratios have a more notable increase in utilitarian judgements following T
administration compared to women with lower 2D:4D ratios. The authors suggested
that higher prenatal estrogen priming increases the effects of testosterone on moral
decision-making in women (Montoya et al. 2013), and that administered T may have
facilitated individuals with higher 2D:4D ratios (which indicate higher prenatal estradiol exposure, Zheng and Cohn 2011) to override fearful and emotionally-empathic
processes, in turn prompting a utilitarian decision.

Present Study
Given conflicting theoretical information surrounding the potential relationship between T and utilitarian decision-making, as well as the dearth of empirical evidence
surrounding it, we examined whether exogenous T administration might influence
men’s incidental and instrumental moral decision-making. We examined potential
moderating effects of psychopathy and 2D:4D ratio.

Method
Participants
Thirty male undergraduates between the ages of 18 and 35 (Mage = 21.21, SD = 2.19;
n = 28 Caucasian/White, n = 1 Hispanic, n = 1 First Nations/Aboriginal) were recruited
from a small university and college in Ontario. Prior to testing, all participants reported
being free of medications affecting hormone concentrations and having no history or
diagnosis of a psychiatric illness or drug dependency.
Experimental procedures involved a within-subject design with testing occurring on 3
separate days. On the first day of testing, participants were introduced to the procedures,
and provided demographic, psychological (e.g., psychopathic traits) and physiological
measures for the calculation of 2D:4D digit ratio. The second and third days of testing
began at an off-campus Urology Clinic, where participants provided a blood sample
(10 mL) in order to measure baseline testosterone concentrations. Using a counterbalanced double-blind design, participants were administered 150 mg of testosterone
(Androgel ®) or placebo to the upper arms and shoulders. Two additional blood samples
were collected at 60 and 120 min following gel administration on both testing days in order
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to assess changes in testosterone concentrations related to experimental condition.
Following the final blood draw, participants performed the Moral Decision Making task
as a part of a larger series of cognitive, perceptual, and behavioral tasks. Previous research
using the same dose of Androgel® found that serum testosterone concentrations begin
rising within 2 h of administration in men, and reach peak levels within 3 h (Eisenegger
et al. 2013). Participants performed the Moral Decision Making task approximately 2.5 h
after receiving Androgel® or placebo (M = 157.8 min, SD = 6.4 min). Days two and three of
testing occurred 2 weeks apart. At the conclusion of day three of testing, participants were
asked whether they believed they received testosterone on the 2nd or 3rd day of testing. A
binomial test indicated that participants were no better than chance at guessing which day
they received testosterone (p = .20).
Serum Testosterone Concentrations
Serum samples were stored at −60 C until assayed using commercially available
enzyme immunoassay kits (DRG International, NJ, USA). All samples were assayed
in duplicate, and the average of the duplicates was used for all statistical analyses.
Average intra- and inter-assay coefficients of variation were below 6 %.
Digit Ratio and Self-Report Psychopathy
2D:4D ratios were measured by two research assistants from a scan of the left and right
hands of participants. Lengths of the second and fourth digits were computed by
measuring the distance between the ventral proximal creases of the digits to the
fingertips using ImageJ software. The intraclass correlation coefficient (ICC) was used
to determine the repeatability of measurements across the two raters. Repeatability was
high for left 2D:4D ratio, ICC = .91, F = 10.51, p < .001, and right 2D:4D ratio,
ICC = .95, F = 18.81, p < .001.
The Self-Report Psychopathy-Short Form (SRP-SF; Paulhus et al. 2015) was used to
assess individual differences in psychopathic traits. The SRP-SF consists of 29 items
assessing the interpersonal, affective, lifestyle, and antisocial facets of psychopathy
using a 5-point Likert-type scale ranging between 1 = Bdisagree strongly^ and 5 =
Bagree strongly^. The interpersonal facet consists of items such as BI have pretended to
be someone else in order to get something.^ The affective facet consists of items such
as BI sometimes dump friends that I don’t need anymore^. The lifestyle facet includes
items such as BI admit that I often mouth off without thinking.^ The antisocial facet
includes items such as BI have broken into a building or vehicle in order to steal
something or vandalize.^ Scale reliabilities ranged from α = .60 to α = .88
(Interpersonal = .88, Affective = .73, Lifestyle = .70, Antisocial = .60). Consistent
with previous literature (e.g., Carré et al. 2015), interpersonal and affective items were
summed to create BFactor 1^ scores, whereas the lifestyle and antisocial items were
summed to create BFactor 2^ scores.
Moral Dilemma Responding
On each testing day, participants responded to four types of moral dilemmas derived
from Lotto et al. (2013), with two of each type being present in a series (a total of eight
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moral dilemmas per day). The four types were: (1) incidental others – participants
relation to the events was mediated and passive (by a switch or lever, for example) and
their own well-being was not threatened, (2) incidental self – participants relation to the
events was mediated but their own well-being was threated, (3) instrumental others –
participants relation to the events was direct but their own well-being was not threatened, and (4) instrumental self – participants relation to the events was direct and their
own well-being was threatened. To avoid learning effects, two unique series of moral
dilemmas were created. The two series were counterbalanced and randomized across
testing days. In order to ensure equality between the two series, dilemmas were first
sorted in order of moral acceptability (based on Lotto et al. 2013) and then divided
across each day of testing such that each set contained moral dilemmas that were
similarly morally-acceptable (ps > .30). For each trial, participants read the presented
dilemma at their own pace, after which a proposed resolution to the moral dilemma was
presented. Participants were asked to indicate whether they would do the proposed
action by pressing B1^ for yes, and B0^ for no.

Results
Effects of Drug Treatment on Testosterone Concentrations
A 2 (drug; testosterone vs. placebo) × 3 (time; baseline, 60 min, 120 min) repeated
measures ANOVA was performed on serum testosterone concentrations. As previously
reported (Carré et al. 2015), results indicated a significant drug × time interaction,
F(2,58) = 46.05, p < .001. Testosterone concentrations were significantly higher after
Androgel® versus placebo at 1 h (MTestosterone = 6.9 ng/mL vs. MPlacebo = 4.7 ng/mL;
t 27 = 5.59, p < .001, Cohen’s d = 1.13) and 2 h (M Testosterone = 6.4 ng/mL vs.
MPlacebo = 4.6 ng/mL, t29 = 7.39, p < .001, Cohen’s d = 1.37) after drug administration.
There were no differences in serum testosterone concentrations prior to drug application (MTestosterone = 4.2 ng/mL vs. MPlacebo = 4.3 ng/mL; t29 = .53, p = .60, Cohen’s
d = .13).
Effects of Testosterone on Utilitarian Behavior
A 2 (drug; testosterone vs. placebo) × 2 (type of dilemma; instrumental vs. incidental)
ANOVA was performed on endorsement of utilitarian responses1. There was no main
effect of drug condition, F(1,29) = .00, p = 1, but there was a significant effect of type of
dilemma, F(1,29) = 41.61, p < .001). Here, participants were more likely to endorse
incidental dilemmas compared to instrumental dilemmas. Also, there was a significant
drug × type of dilemma interaction, F(1,29) = 4.66, p = .039. Post-hoc analyses suggested that utilitarian behavior for incidental dilemmas was higher after testosterone
relative to placebo (t(29) = 1.57, p = .13; Cohen’s d = .29), and utilitarian behavior for
1

Half of the instrumental/incidental dilemmas involved situations in which the participant could save
themselves and others, and the other half of the dilemmas involved situations in which the participant could
save only others. Because this self vs. other factor did not interact with drug condition or with type of
dilemma, we collapsed our main analyses across these levels.
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instrumental dilemmas was lower after testosterone relative to placebo (t(29) = 1.33,
p = .19; Cohen’s d = .25) – however, both comparisons failed to yielded statistically
significant differences. Order of drug administration did not interact with any of the
factors to predict utilitarian responses (all ps > .21). See Figs. 1 and 2.
Exploratory Analyses
Digit Ratio (2D:4D) We investigated the extent to which prenatal testosterone
exposure, as indexed using 2D:4D ratio, would moderate the effect of drug
condition on utilitarian behavior. Here, we performed a repeated measures
ANCOVA on utilitarian responses with drug condition (T vs. P) and dilemma
type (instrumental vs. incidental) as within-subject factors and left/right 2D:4D
ratios (mean centered) as covariates. Results indicated that 2D:4D ratio did not
interact with drug condition to predict moral decision making (all ps > .90). Also,
there were no 2D:4D × drug condition × type of dilemma interactions (ps > .60).
Furthermore, 2D:4D ratio on its own did not predict variability in moral decision
making (all ps > .46).
Psychopathic Traits We examined whether variability in psychopathic traits
would moderate the effect of testosterone on moral decision-making. For this
analysis, we performed a repeated-measures ANCOVA on utilitarian responses
with drug condition (T vs. P) and dilemma type (instrumental vs. incidental) as
within-subject factors and Factor 1 and Factor 2 (mean centered) of the SRP
entered as covariates. Results indicated that Factor 1 and Factor 2 did not
interact with drug condition to predict variability in moral decision-making (all

Fig. 1 Percentage of utilitarian responses endorsed for incidental and instrumental dilemmas across drug
condition

8

Adaptive Human Behavior and Physiology (2017) 3:1–13

Fig. 2 Number of utilitarian responses as a function of type of moral dilemma (incidental vs. instrumental)
and drug condition

ps > .40). Moreover, there were no Factor 1/Factor 2 × drug condition × type of
dilemma interactions (ps > .67). However, Factor 1 did predict variability in
moral decision making, F(1, 29) = 7.62, p = .01. Specifically, Factor 1 was positively correlated with utilitarian responses (see Fig. 3). In contrast, Factor 2 did
not predict variability in moral decision making, F(1, 29) = 1.62, p = .214.
Baseline T Concentrations We also investigated whether variability in baseline
testosterone concentrations would map onto moral decision-making and/or interact
with drug condition to predict moral decision-making. Again, we performed a
repeated-measures ANOVA on utilitarian responses with drug condition and dilemma
type entered as within-subjects factors, and baseline testosterone (mean centered)
entered as a covariate. There was no baseline T × drug condition (p = .92) or baseline
T × drug condition × type of dilemma (p = .39) interactions. However, there was a
marginally significant main effect of baseline testosterone concentrations, F(1,
29) = 3.23, p = .08. Here, baseline testosterone concentrations were negatively (albeit
marginally) associated with utilitarian responses.

Fig. 3 Bivariate correlation between Factor 1 Psychopathy scores and utilitarian decision making (collapsed
across instrumental and incidental dilemmas)
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Discussion
Previous findings suggest that testosterone may be related to morality, such that basal
salivary T levels positively correlated with individuals’ willingness to engage in
utilitarian behavior (Carney and Mason 2010). However, cross-sectional studies preclude directional conclusions about the T and moral decision-making relationship.
Pharmacologic T administration increases testosterone concentrations in healthy
eugonadal men within 1–2 h of administration (Eisenegger et al. 2013; Carré et al.
2015), and evidence suggests that single-dose T administration affects ethical facets of
men’s behavior, such as lying (Wibral et al. 2012). The current study built on this line
of enquiry by examining the causal role of testosterone administration on men’s
utilitarian decision-making. Our findings indicated that drug condition (T versus
placebo) interacted with moral dilemma type (incidental versus instrumental) to predict
the total number of utilitarian responses men made. Similar to the direction of findings
from Carney and Mason’s (2010) correlational study, T administration was associated
with increased utilitarian behavior, but only within the context of incidental moral
dilemmas. Conversely, in the instrumental dilemmas, T administration was associated
with decreased utilitarian decision-making, relative to a within-subject placebo control
(although post-hoc tests revealed neither effect to be statistically-significant).
Why might instrumental (i.e., more morally difficult) decisions have become less
frequent when T was administered? Heightened amygdala reactivity to moral dilemmas
correlates negatively with ratings of the moral acceptability of utilitarian responses
(Shenhav and Greene 2014). Shenhav & Greene have speculated that the amygdala
provides an affective assessment of the course of action and that the vmPFC
subsequently integrates that signal with the anticipated utilitarian outcome. Hu and
Jiang (2014) suggest that this mechanism functions via reappraisal of the initial
emotional meaning of the utilitarian option against the current situation/goal. In this
manner, the vmPFC weakens the negative emotional response to the utilitarian option,
making it more likely to be adopted (Hu and Jiang 2014). This hypothesis is relevant to
the present study given evidence that T concentrations are positively correlated with
threat-related amygdala functioning (Hermans et al. 2008; Manuck et al. 2010) and
exogenous T administration increases threat-related amygdala reactivity in men and
women (Goetz et al. 2014; Radke et al. 2015; van Wingen et al. 2009). Furthermore,
exogenous T administration has been shown to decrease amygdala-vmPFC functional
coupling (van Wingen et al. 2010). Taken together, this body of research suggests that
perhaps T may lead to heightened amygdala reactivity and/or decreased amygdalavmPFC coupling during instrumental dilemmas, ultimately promoting an aversive
affective response to the more morally and emotionally-difficult instrumental utilitarian
moral dilemmas.
Also contrary to Carney and Mason, we did not find a relationship between baseline
T and utilitarian moral decision-making, nor did we find any interactions between basal
T and drug condition or type of dilemma. There was a marginally significant main
effect of baseline testosterone concentrations which were negatively associated with
overall utilitarian responses. Similar null main and interaction effects were observed for
a separate marker of prenatal androgen exposure – the 2D:4D ratio – in relation to
utilitarian decision making. Taken together, our findings suggest that basal T indices
may not be directly positively linked to utilitarianism, especially within the context of
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instrumental decision-making. Future research should seek to explore this relationship
in a larger and more diverse sample of males.
Finally, we hypothesized that psychopathic traits would moderate links between T and utilitarian moral decision-making. We observed a positive correlation between Factor 1 (but not Factor 2) of the SRP and utilitarian decisionmaking. This finding is consistent with previous work identifying links between
psychopathic traits and moral reasoning (Koenigs et al. 2012; but see Cima et al.
2010), perhaps stemming from reduced negative emotionality regarding the
prospect of harming others (Patil 2015; see also Schaich Borg et al. 2013).
Factor 1 scores constitute the interpersonal and affective components of psychopathy; perhaps these facets are more applicable to making moral judgements
about the self and others (especially given evidence that affect influences
utilitarian moral reasoning; see Hu and Jiang 2014). However, psychopathic
traits (Factor 1 and 2) did not interact with drug condition to predict variability
in utilitarian decision-making.
Limitations and Future Directions
Although the interaction between drug condition and dilemma type was statisticallysignificant, thus indicating the effect of testosterone on moral decision-making depends
on the type of decision (instrumental vs. incidental), the specific directional trends for
testosterone’s effects did not meet conventional statistical metrics for significance. The
effect-sizes for both were between small and medium (Cohen’s d’s = .25 and .29,
respectively) (Cohen 1988). This may be due, in part, to our limited sample size, which
is nevertheless to our knowledge the largest testosterone administration study investigating moral decision-making. Replications and extensions of this research are necessary. For instance, if reduced instrumental endorsement among individuals with high T
is a function of T’s influence on amygdala-vmPFC connectivity, then we would expect
these results to be replicable in women. Finally, future research might also consider the
role of risk taking in relation to T’s influence on moral reasoning, given evidence that T
is positively correlated with risk-taking (Stanton et al. 2011), and that some forms of
risk taking may be inversely related to moral reasoning (e.g., Hubbs-Tait and Garmon
1995).

Conclusion
In summary, results from the current experiment suggest that testosterone influences
men’s moral decision-making by increasing endorsement of incidental dilemmas while
decreasing endorsement of instrumental moral dilemmas. These findings highlight the
importance of considering more complex models of testosterone’s influence on moral
reasoning, as well as the need for further research into the relation between T and moral
reasoning.
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