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Abstract Prior research found that testosterone change after defeat predicted the
decision to compete against the same opponent, but testosterone change after victory
was unrelated to competitive behavior. The present research tested whether testosterone
responses have differential effects on competitive decision-making depending on
whether an individual either barely or decisively won a competition. Seventy-one
undergraduate males provided an afternoon saliva sample and then participated in a
laboratory cognitive contest in which they were randomly assigned to experience a
relatively close or decisive victory against a male confederate. Participants provided a
second saliva sample after the competition and then chose whether to: (a) compete
against the same opponent, (b) compete against a new opponent, or (c) complete an
alternative non-competitive task. Participants also reported how much they enjoyed the
competitive task. Testosterone change and the propensity to compete were positively
related after a decisive victory, but were negatively related after a close victory. These
effects were driven by the decision to compete against a new opponent. In fact, very
few participants chose to compete against the same opponent. Testosterone change after
a decisive victory was also positively associated with participants’ self-reported enjoy-
ment of the competitive task. Together, these results provide new evidence that a close
versus decisive victory moderates the effect of testosterone change on future competitive
behavior, an effect that may be linked to changes in reward processing systems.
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Testosterone influences status-seeking behaviors such as aggression and dominance in
a variety of species (e.g., birds, Wingfield et al. 1990; fish, Oliveira et al. 2009; mice,
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Trainor et al. 2004), but the precise role of testosterone in human social behavior
remains unclear. For example, meta-analyses reveal only a weak positive association
between baseline testosterone and human aggression (r=.08, Archer et al. 2005), and
baseline testosterone is positively related to dominant behaviors in some human studies
but not others (Archer 2006; Carré et al. 2011). Baseline testosterone is moderately
stable when measured at the same time of day and is thought to tap into a person’s
chronic concern for status similar to a personality trait (Sellers et al. 2007). But
testosterone concentrations also fluctuate in status-relevant social interactions, and
these dynamic changes in testosterone may play a role in modulating social behaviors
above and beyond baseline testosterone concentrations (Archer 2006; Carré et al. 2011;
Mazur 1985; Mazur and Booth 1998).

Mazur’s (1985) biosocial model of status (BMS) has been the primary theory that
has guided research on the dynamic relationship between testosterone and status in
humans (see also the challenge hypothesis for a similar theory based on research in
birds, Wingfield et al. 1990). The BMS posits a reciprocal relationship between
testosterone and status. According to the model, (i) testosterone should rise after victory
and drop after defeat in status contests, and (ii) these changes in testosterone should in
turn influence subsequent status-seeking behaviors. Specifically, the model predicts that
a testosterone increase after victory should stimulate further attempts at gaining or
maintaining high status, whereas a testosterone decrease after defeat should lead
individuals to flee from further competition in order to avoid greater loss of status.

Many studies have tested the first prediction of the BMS that winners should
increase in testosterone relative to losers (Archer 2006; Oliveira and Oliveira 2014).
Although some studies have indeed shown this effect, other studies found non-
significant differences, and still others showed the complete opposite pattern
(Oliveira et al. 2013; Oliveira and Oliveira 2014; Zilioli et al. 2014). The large variation
in testosterone response profiles across individuals and studies may be driven by
psychological factors, but the precise psychological mechanisms remain unclear (see
recent review, Oliveira and Oliveira 2014). Together, the evidence suggests that there is
substantial variability in testosterone responses that cannot be explained by competition
outcome alone.

Far fewer studies in humans have tested the second prediction of the BMS that
post-competition testosterone should influence subsequent status-seeking behaviors
(for a relevant review, see Carré et al. 2011). Mehta and Josephs (2006) conducted
the first empirical study in humans that examined the relationship between testos-
terone change from before to after competition and subsequent social behavior. In
this study, sixty-four undergraduate males were invited to the lab in dyads. The two
men competed on a Number Tracking Task (NTT) that was ostensibly an intelli-
gence measure of “spatial processing speed”. In reality, participants were randomly
assigned to win or lose by giving the chosen winner an easier version of the task
than the chosen loser. Participants provided pre- and post-competition saliva samples
to measure testosterone changes. After providing the post-competition saliva sample,
participants were asked to choose the next experimental task. They could choose to
(a) compete against the same participant on a new version of the NTT, or (b) complete a
non-competitive task that would take about as long as the NTT (a questionnaire on food,
music, and entertainment preferences). The results showed variation in testosterone
change that was not explained by competition outcome. Consistent with the BMS’s
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prediction that testosterone responses should encourage subsequent attempts at gaining
status, losers who increased in testosterone were more likely to choose to compete
against the same opponent than losers who decreased in testosterone. However, there
was a null association between testosterone change and decisions to compete in winners
(see also Carré et al. 2009 for a similar pattern of results on a measure of aggressive
behavior). The present research was designed to build upon the Mehta and Josephs
(2006) study in order to clarify the relationship between post-victory testosterone
changes and subsequent competitive decisions.

We propose two possible explanations for these prior null results in winners. First,
Mehta and Josephs (2006) offered participants the choice to compete against the
same opponent. The BMS proposes that testosterone increases after victory should
encourage future attempts at gaining or protecting high status, but competing against
the same opponent (the loser) does not offer the winner an opportunity to rise
further in the hierarchy because the winner has already gained status over the other
opponent. Instead, increases in testosterone after winning may guide future decisions
to compete against a new opponent. To test this possibility, the present study used
the same two options that participants in Mehta and Josephs (2006) were offered
(compete against the same opponent, complete a non-competitive task) but added a
third option in which participants could choose to compete against a new opponent
on the NTT.

Second, Mehta and Josephs (2006) used real dyads to study testosterone responses
and behavior, but this research design creates heterogeneity across participants in the
victory experience. The association between post-victory testosterone change and
competitive decisions may depend on status-relevant contextual factors, such as
whether the victory is close or decisive. Decisive victories model stable status
hierarchies in which the winner clearly dominates the loser, whereas close victories
model unstable hierarchies in which the winner’s higher status position is uncertain.
Testosterone increases may stimulate the desire to compete against a new opponent
only after a decisive victory as a strategy to rise further in the status hierarchy. This
prediction is generally consistent with the BMS, which implies that a potent boost in
status (i.e., a decisive victory experience) coupled with a testosterone increase
should encourage future status-seeking behaviors. The prediction is also consistent
with evidence in non-human animals demonstrating that robust, decisive victory
experiences interact with post-victory testosterone increases to influence subsequent
aggressive behavior (Gleason et al. 2009; Fuxjager et al. 2011; Oliveira 2009;
Oliveira et al. 2009; Trainor et al. 2004). To test the moderating role of victory
context on the association between testosterone change and competitive decision-
making, the present study randomly assigned undergraduate men to experience a
close or decisive victory against a trained actor (a male confederate posing as
another student), measured testosterone changes from before to after the competition,
and then asked participants to choose whether they wanted to compete against the
same opponent, compete against a new opponent, or complete a non-competitive task.
We hypothesized that testosterone change would be positively related to competitive
behavior, but only after a decisive victory.

The present study also explored novel psychological mechanisms for post-victory
testosterone changes. As reviewed above there is substantial variability in testosterone
responses to competition, but the psychological mechanisms remain unclear. Non-
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human animal studies indicate that the effect of testosterone release after winning on
future aggressive behavior is driven by increased androgen receptor expression in
neural regions implicated in reward processing (e.g., ventral striatum/nucleus accum-
bens, Fuxjager et al. 2010). Thus, we tested whether post-victory testosterone change
would be related to one particular psychological measure implicated in reward: sub-
jective enjoyment of the competitive task, a potential psychological correlate of neural
reward activity (e.g., Cikara et al. 2011). We also tested associations between testos-
terone change and two other psychological factors—perceived likelihood of winning a
second competition and affect, but we did not formulate specific hypotheses for these
additional measures either because of prior null effects (affect, Mehta and Josephs
2006) or because of a lack of theory or research (perceived likelihood of winning a
second competition). Finally, the present research also measured changes in cortisol—
a hormone released by the adrenal glands as part of the hypothalamic-pituitary-
adrenal axis response to physical and psychological stress (Dickerson and Kemeny
2004)—to confirm that hormonal effects on competitive behavior were specific to the
gonadal axis, in line with prior research on hormone changes in competition (Mehta
and Josephs 2006).

Methods

Participants

Seventy-one male undergraduate students from the University of Oregon enrolled in
introductory psychology courses participated in the study in exchange for course credit.
All procedures were approved by the University of Oregon Institutional Review Board.
The main analyses included 62 participants (details discussed below). The average age
of participants used in the analyses was 19.74 years (SD=1.63). The self-reported
ethnicity of participants was 73.4 % European-American, 10.9 % Asian or Pacific
Islander, 7.8 % Hispanic/Latino, and 7.8 % other.

Procedure

Experimental sessions were conducted between 11:00 AM and 5:00 PM to control for
diurnal rhythms in hormone concentrations (Touitou and Haus 2000). Participants were
asked to refrain from eating, drinking, smoking, and brushing their teeth at least 1 h
prior to arriving at their scheduled lab session. Participants provided informed consent
prior to participation. Before arriving for the study, participants completed online
personality questionnaires, including the Big Five Inventory (John and Srivastava
1999) and the Personality Research Form - Dominance Scale (Jackson 1967). Upon
arrival for the experiment, participants were brought into an individual testing room and
completed questionnaires relevant to demographics and hormone measurement
(Schultheiss and Stanton 2009), the State–Trait Anxiety Inventory (Spielberger
1983), and the Positive and Negative Affect Schedule (Watson, Clark, and Tellegen
1988). Participants then provided a 2 mL saliva sample, which was immediately stored
in a freezer to preserve its contents for analysis through immunoassay procedures
(Schultheiss and Stanton 2009).
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Competitive Task The participant and a male confederate acting in the role of a second
participant were brought into a larger room and sat at desks facing opposite directions.
A timer was placed on each desk. Participants were then asked to read through
instructions for the competitive task, the Number Tracking Task (NTT: Schultheiss
and Rohde 2002; Mehta and Josephs 2006). In order to increase the status implications
of the task, participants were told that the NTT is a measure of spatial intelligence and
that the winner would be entered into a random drawing for a $50 gift certificate to the
University of Oregon Duck Store. This task has been used successfully in past studies
on testosterone and competition; participants seem to care about their performance on
this task, and participants show robust emotional responses to victory and defeat in the
NTT (Mehta and Josephs 2006) similar to patterns observed in other laboratory-based
cognitive contests (Gladue, Boechler, and McCaul 1989; Schultheiss et al. 2005).

The NTT consists of a series of puzzles containing a grid of numbers. The goal is to
trace through the numbers in sequential order until a highlighted number is reached.
The participant and the confederate competed on the same puzzles at the same time.
Whoever completed each round in the least amount of time was declared the winner for
that round. The participant and confederate competed on six rounds of the task. In each
round of the competition, the experimenter placed a puzzle face down on the partici-
pant’s and the confederate’s desks. Participants were instructed to start the timers, begin
the puzzle, and say “done” and stop their timers once they had completed the puzzle.
The experimenter then announced the winner of the round, recorded completion times,
collected the completed puzzle, and placed the next puzzle on the desk. This process
was repeated until all six rounds were complete.

The confederate was trained to either barely or decisively lose in each round of the
competition. The participant and the confederate competed on each puzzle simulta-
neously. In the close victory condition, the confederate was trained to lose all six rounds
by announcing “done” 1 to 3 s after the real participant had announced “done”. In the
decisive victory condition, the confederate was trained to lose all six rounds by
announcing “done” 6 to 10 s after the real participant had announced “done.”
Because the participant and the confederate competed at the same time on the puzzles,
it was necessary for the confederate to lose in each round of competition (the actual
participant won in each round). It was not possible for the confederate to win by a fixed
margin, as this would have required knowing how long the participant would take to
complete the puzzle in order to announce “done” a pre-determined amount of time
before the participant finished. We chose this manipulation strategy after piloting the
task. Our pilot sessions suggested that having participants compete on the task at the
same time increased the competitive nature of the task and that a larger than 6–10 s
distance in performance on the task increased suspicion associated with the experi-
mental manipulation. Although results suggest that our experimental manipulation was
effective in creating perceptions of a relatively close versus decisive competition, in the
Discussion section we address the need for future studies that use stronger experimental
manipulations of close versus decisive competition.

Post-Competition Phase After the competition was complete, participants returned to
their individual rooms, where they answered the State–Trait Anxiety Inventory and the
Positive and Negative Affect Schedule questionnaires again to determine affective
changes in response to the competition. All participants also completed an attribution
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questionnaire and a filler task (a word search) (Mehta and Josephs 2006). Fifteen
minutes after the end of the competition, a second saliva sample was taken (Mehta and
Josephs 2006). This 15-minute delay was chosen because prior research suggests that it
takes a few minutes for hormone concentrations in blood to reach saliva (Riad-Fahmy
et al. 1987) and because previous research has found that competition outcome
influences salivary testosterone changes 15 min after competition, but not immediately
after or 30 min after competition (Schultheiss et al. 2005).

Following the second saliva sample, participants completed a choice questionnaire
in which they were asked to choose the next experimental task. This questionnaire was
modeled closely off of Mehta and Josephs (2006) but was modified to include a third
option. Participants chose whether to (a) compete against the same person on six new
puzzles of the NTT, (b) compete against a new person on six new puzzles of the NTT,
or (c) complete a questionnaire on food, music, and movie preferences that would take
about as long to complete as the NTT. After making their choice, participants estimated
on a one to seven scale their likelihood of winning if they were to compete on the NTT
again (1 = Very Unlikely, 7 = Very Likely). The questionnaire indicated that partici-
pants should answer the item even if they had not chosen to compete again. Participants
also assessed how much they enjoyed the NTTon a one to seven scale (1 = Disliked it a
lot, 7 = Liked it a lot). Participants then filled out open-ended questions designed to
assess suspicion associated with the experimental manipulation, after which they were
debriefed and dismissed from the experiment.

Approximately half way through data collection we decided to add additional
questions about mood states during the competition that are more directly linked to
close versus decisive competitions. Participants were asked how fun, competitive, fast,
boring, frustrating, stressful, and interesting they perceived the NTT competition to be
on 5-point scales. These were included at the very end of the experiment after the
suspicion check items to keep the timing and order of all prior measures the same.

Hormone Assays

Hormone assays were conducted in house at our Social Psychoneuroendocrinology
Laboratory within the Sacred Heart Medical Center at the University of Oregon.
Seventy-one participants provided saliva samples via passive drool. One participant
provided viscous samples, and another participant’s samples were contaminated with
blood. These two participants were removed from all analyses. Once collected, samples
were stored at −80 °C. After data collection was complete for all participants, the saliva
samples were thawed to room temperature, vortexed, centrifuged (10 min @
3500 rpm), and aliquoted into individual polypropylene containers. Samples were then
refrozen at −80 °C. Individual aliquots were thawed, vortexed, and centrifuged a
second time prior to assaying. This processing protocol (e.g., aliquots that undergo
the same number of freeze-thaw cycles prior to assaying) ensures consistent treatment
of all samples and is in line with published recommendations (Granger et al. 2004).

Cortisol All saliva samples were analyzed for salivary cortisol using commercially
available enzyme immunoassays kits (RE52611, IBL International, Hamburg,
Germany). All samples were assayed in duplicate. Intra-assay coefficients of variation
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(CVs) averaged 10.54 %. The inter-assay CV averaged across low and high controls
was 14.50 %. Six participants had samples with elevated intra-assay CVs (>30 %),
likely due to inconsistent pipetting technique. These participants were removed from all
data analyses involving cortisol, resulting in 63 participants with complete cortisol data.
Baseline cortisol means (M=0.453 μg/dL, SD=0.364 μg/dL) were similar to those
reported in past research (e.g., Mehta and Josephs 2006).

Testosterone Saliva samples were assayed for salivary testosterone using commercially
available enzyme immunoassays kits (RE52631, IBL International). All samples were
assayed in duplicate. Intra-assay CVs averaged 8.46 %, and the inter-assay CV
averaged across low and high controls was 14.89 %. Data from four participants
resulted in testosterone concentrations higher than the highest standard for the standard
curve for the assay. Additionally, one participant was removed from analyses because
hormone data were assayed for only one of the two saliva samples that the participant
provided due to a clerical error. These five participants were not included in any data
analyses involving IBL testosterone data, resulting in 64 participants with complete
IBL testosterone data (IBL Testosterone: M=262.83 pg/mL, SD=166.18 pg/mL).

Because a few samples resulted in out of range values in the IBL testosterone assays,
we decided to re-test all samples for which there was sufficient volume with Salimetrics
testosterone kits to confirm the robustness of the effects in the present study, and to
determine whether the effects generalize across assay manufacturers. Twelve partici-
pants had insufficient sample volume for these assays, which resulted in 57 total
participants with complete Salimetrics testosterone data. Intra-assay CVs for
Salimetrics testosterone averaged 5.60 %, while the inter-assay CV averaged across
low and high controls was 9.02 %. (Salimetrics T:M=118.93 pg/mL, SD=33.24 pg/mL).
There were modest correlations between IBL and Salimetrics testosterone concentration
scores (time 1: r=.32; time 2: r=.42; time two minus time one: r=.51, p’s<.05). These
results for IBL and Salimetrics testosterone are generally consistent with results
reported in quality control reports (quality control reports from IBL can be requested
here: http://www.ibl-international.com/en_us/qas-for-salivary-steroids). The primary
results in the present study were robust across both IBL and Salimetrics testosterone
concentration data as reported in the results section.

Suspicion Check

Four participants were highly suspicious of the experimental manipulation and were
removed, resulting in 62 participants included in the main analyses.

Results

Initial Analyses

We first conducted analyses to verify that there were no differences in pre-competition
psychological or hormone concentrations as a function of our victory type manipula-
tion. As expected, independent samples t-tests revealed that there were non-significant
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differences in pre-competition testosterone (t(60) = −.01, p=.996), pre-competition
cortisol (t(59) = −1.15, p=.26), pre-competition positive affect (t(60) = −.23, p=.82),
and pre-competition negative affect (t(60) = −.15, p=.88) between the close and
decisive victory conditions (see Table 1 for means and standard deviations).tgroup

Effects of Close Versus Decisive Victory on Psychological and Neuroendocrine
Changes

We next conducted repeated measures ANOVAs to test the extent to which the victory
experience induced changes in positive affect, negative affect, cortisol change, or
testosterone change from before to after the competition. In each of these analyses
we entered pre-competition (time 1) and post-competition (time 2) scores as a repeated
measures factor and the close versus decisive victory manipulation as a between-
subjects factor. These analyses revealed main effects of time for positive affect
(F(1,59) = 23.70, p<.001) and negative affect (F(1,59) = 12.15, p=.001) but non-
significant Time x Victory Type (close versus decisive) interactions (p’s>.10) (see
Table 1 for means and standard deviations). These results indicate that participants
increased in positive affect and decreased in negative affect after experiencing victory
regardless of whether the victory was close or decisive. There were non-significant
Time and Time x Victory Type interactions for testosterone and cortisol (p’s>.10) (see
Table 1). These findings are consistent with prior research on NTT competitions and
other cognitive competitions, which also found that victory in the task led to increased
positive affect but had no influence on mean testosterone or cortisol changes (Mehta
and Josephs 2006; Schultheiss et al. 2005). Another study of cognitive competition in

Table 1 Descriptive statistics for hormone and psychological measures

Full sample
(n=62)

Close victory
(n=30)

Decisive
victory (n=32)

M SD M SD M SD

IBL Pre-competition Testosterone (pg/mL) 265.1 163.4 262.9 162.3 267.3 167.0

IBL Post-competition Testosterone (pg/mL) 261.1 164.2 279.8 169.2 243.6 160.1

Pre-competition cortisol (μg/dL)a .45 .33 .48 .31 .42 .34

Post-competition cortisol (μg/dL) .42 .23 .43 .23 .41 .24

Pre-competition positive affectb 2.80 .72 2.82 .83 2.79 .61

Post-Competition Positive affect 3.17 .83 3.22 .96 3.13 .70

Pre-competition negative affectc 1.50 .52 1.51 .54 1.49 .52

Post-competition negative affect 1.36 .44 1.40 .46 1.32 .43

Enjoyment of number tracking taskd 5.44 .87 5.59 .73 5.31 .97

Perceived likelihood of winning a second competitione 5.15 .98 5.17 .85 5.13 1.10

a Full sample size for cortisol measures was n=61. Means and standard deviations reported here were
calculated from the untransformed pre-competition cortisol distribution. b Positive Affect subscale of
PANAS (Watson, Clark, and Tellegen 1988); scores can range from one to five. c Negative Affect subscale
of PANAS (Watson, Clark, and Tellegen 1988); scores can range from one to five. d Rated on a 7-point scale
(1 = Disliked a lot, 7 = Liked it a lot) (n=61 for this measure). e Rated on a 7-point scale (1 = Very
Unlikely, 7 = Very Likely) (n=61 for this measure)
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males also revealed non-significant differences between a close versus decisive victory
in mean testosterone or cortisol change (Gladue et al. 1989).

We next tested whether the experimental manipulation influenced self-reports of
how fun, competitive, fast, boring, frustrating, stressful, and interesting participants
perceived the Number Tracking Task competition to be. As reported in the methods
section, we added these additional questions approximately half way through study
execution and thus the sample size for these analyses was reduced to 31 participants. A
multivariate ANOVA analysis revealed a statistically significant multivariate effect of
the experimental manipulation on these dependent measures (F(7, 23) = 2.60, p=.04).
Follow-up univariate tests revealed that participants in the close victory condition
perceived the competition to be more competitive (M=4.50, SE=.22) and fast
(M=4.29, SE=.17) than participants in the decisive victory condition (competitive:
M=3.88, SE=.20; fast: M=3.82, SE=.15) (competitive: F(1,29) = 4.41, p=.045; fast:
F(1,29) = 4.20, p=.05). These results suggest that our experimental manipulation
was effective in influencing perceptions consistent with a close versus decisive
competition. Participants in the close victory condition also reported that the task
was marginally more fun (M=4.07, SE=.18) than participants in the decisive victory
condition (M=3.55, SE=.16) (F(1,29) = 3.13, p=.087). All other univariate effects
were non-significant (p’s>.18).

Competitive Decision-Making

Across the entire sample, 32 out of the 62 participants (51.6 %) chose to complete the
entertainment questionnaire, 26 out of the 62 participants (41.9 %) chose to compete
against a new opponent, but only 4 out of 62 participants (6.5 %) chose to compete
against the same opponent. Given the small number of participants who chose to
compete against the same opponent, analyses examining predictors of competitive
decision-making were conducted in two ways. First, we combined participants who
chose to compete against the same opponent with participants who to chose to
compete against a new opponent in order to compare our results to prior research
that gave participants a choice between the competitive and non-competitive task
only (Mehta and Josephs 2006). Next, we removed the four participants who chose
to compete against the same opponent to confirm that effects were driven by the
decision to compete against a new opponent compared to choosing the non-
competitive task. We did not conduct formal statistical analyses for participants
who chose to compete against the same opponent because of the low frequency at
which this option was chosen.

Testosterone Change We tested the hypothesis that testosterone change and victory
type would interact to predict competitive decision-making. Specifically, we expected
that testosterone change would positively relate to the propensity to compete only after
a decisive victory. We conducted a binary logistic regression analysis in which we
entered Victory Type (0 = decisive victory, 1 = close victory) in Step 1, Testosterone
Change (centered) in Step 2, and the Victory Type x Testosterone Change interaction
in Step 3 as predictors of the decision to compete (0 = complete non-competitive
task, 1 = compete again collapsed across decisions to compete against a new or the
same opponent). This analysis revealed a main effect of Victory Type in Step 1
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(χ2(1) = 7.95, p=.005) and a non-significant main effect of Testosterone Change in
Step 2 (χ2(1) = .85, p=.36). In support of the hypothesis that victory type moderates
the association between testosterone change and competitive decision-making, there
was a statistically significant Victory Type x Testosterone Change interaction in Step
3 (χ2(1) = 3.95, p=.047).

To interpret the Victory Type x Testosterone Change interaction we used the logistic
regression intercept and slope estimates to plot the interaction (http://www.
jeremydawson.co.uk/slopes.htm) and conducted separate binary logistic analyses in
the close and decisive victory conditions (see Fig. 1a) (Aiken and West 1991).
Consistent with our hypothesis, testosterone change was positively related to choosing

Fig. 1 a Victory Type x Testosterone Change interaction on the likelihood of choosing to compete again
(versus choosing the alternative non-competitive task). Decisions to compete against the same opponent and
decisions to compete against a new opponent were combined for this analysis. b Victory Type x Testosterone
Change interaction on the likelihood of choosing to compete against a new opponent (versus choosing the
alternative non-competitive task). The four participants who chose to compete against the same opponent were
removed for this analysis
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to compete in the decisive victory condition (B=.92, SE=.57, eB=2.51, χ2(1) = 3.98,
p=.046) (Fig. 1a, solid line) but not in the close victory condition (B=−.44, SE=.50,
eB=.65, χ2(1) = .82, p=.36) (Fig. 1a, striped line). We also calculated mean
testosterone change as a function of victory type and competitive choice.
Consistent with the positively-sloping solid line in Fig. 1a, individuals in the
decisive victory condition who chose to compete increased in testosterone (n=10,
M=46.85, SE=46.56), whereas individuals in the decisive victory condition who
chose to complete the alternative non-competitive task decreased in testosterone (n=22,
M=−55.68, SE=31.39). Consistent with slightly negatively-sloping striped line in Fig.
1a, individuals in the close victory condition who chose to compete again showed little
change in testosterone (n=20, M=3.88, SE=25.72), whereas individuals in the close
victory condition who chose to complete the alternative non-competitive task showed a
testosterone increase (n=10, M=43.09, SE=36.37).

Next we removed the four participants who chose to compete against the same
opponent from the analysis to confirm that the same interaction effect would remain.
Consistent with the prior analysis, there was a Victory Type x Testosterone Change
interaction in Step 3 (χ2(1) = 5.54, p=.019) (Fig. 1b). The pattern of the interaction
shows a positive slope between testosterone change and the decision to compete against
a new opponent in the decisive victory condition (B=.83, SE=.64, eB=2.28) (Fig. 1b,
solid line), but a negative slope between testosterone change and the decision to
compete against a new opponent in the close victory condition (B=−1.18, SE=.77,
eB=0.31) (Fig. 1b, striped line). The statistically significant interaction term indicates
that these slopes were statistically different from each other. We also calculated
mean testosterone change as a function of victory type and competitive choice.
Consistent with the positively-sloping solid line in Fig. 1b, individuals in the
decisive victory condition who chose to compete against a new opponent
increased in testosterone (n=8, M=26.25, SE=50.92), whereas individuals in
the decisive victory condition who chose to complete the alternative non-
competitive task decreased in testosterone (n=22, M=−55.68, SE=30.70).
Consistent with the negatively-sloping striped line in Fig. 1b, individuals in the
close victory condition who chose to compete against a new opponent decreased
in testosterone (n=18,M=−20.31, SE=22.63), whereas individuals in the close victory
condition who chose to complete the alternative non-competitive task increased in
testosterone (n=10, M=43.09, SE=30.37).

The above analyses used post-competition minus pre-competition testosterone
change scores, but there was a similar Victory Type x Testosterone Change interaction
on the decision to compete against a new opponent compared to choosing the non-
competitive task when using percent change in testosterone (χ2(1) = 3.49, p=.062) and
residualized testosterone change (χ2(1) = 6.45, p=.011) (residualized testosterone
change scores were calculated by saving the unstandardized residuals from a
regression analysis with pre-competition testosterone as a predictor and post-
competition testosterone as the dependent variable, see Mehta and Josephs 2006;
Schultheiss et al. 2005).

Pre-Competition Testosterone, Pre-Competition Cortisol, and Cortisol Change Next
we conducted binary logistic regression analyses to test whether pre-competition
testosterone or pre-competition cortisol (log-transformed) were related to competitive
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decision-making or interacted with victory type to predict competitive decision-mak-
ing. These analyses revealed null effects (p’s>.30). Additional binary logistic analyses
revealed non-significant effects of Cortisol Change and Victory Type x Cortisol Change
interactions on competitive decisions (p’s>.20). Overall, these analyses indicate that
testosterone change interacted with victory type to predict competitive decisions, but
pre-competition testosterone, pre-competition cortisol, and cortisol change failed to
predict competitive decisions.

Enjoyment of the Competitive Task

We next tested whether testosterone change interacted with victory type to predict how
much participants reported that they had enjoyed the NTT competition. A multiple-
regression analysis with Victory Type, Testosterone Change (IBL time two minus time
1 scores, centered), and the Victory Type x Testosterone Change interaction as predic-
tors of task enjoyment revealed a statistically significant Victory Type x Testosterone
Change interaction (β=−.40, t(57) = −2.82, p=.007). As shown in Fig. 2, testosterone
change was positively related to enjoyment of the competitive task in the decisive
victory condition (Fig. 2, solid line, B=.41, SE=.13, t(57) = 3.21, p=.002), but
testosterone change was non-significantly negatively related to enjoyment of the
competitive task in the close victory condition (Fig. 2, striped line, B=−.28, SE=.21,
t(57) = −1.34, p=.19). The Victory Type x Testosterone Change interaction on enjoy-
ment of the competitive task also emerged when using IBL percent testosterone change
scores (β=−.39, t(57) = −2.43, p=.018) and IBL residualized testosterone change
scores (β=−.41, t(57) = −2.68, p=.010).

There were non-significant effects of cortisol change and victory type x cortisol
change interactions on enjoyment of the competitive task (p’s>.10). There were also
non-significant main effects and interaction effects for pre-competition testosterone and
cortisol (p’s>.10). Overall, these analyses indicate that testosterone change interacted

Fig. 2 Victory Type x Testosterone Change interaction on self-reported enjoyment of the competitive task
(1 = Disliked it a lot, 7 = Liked it a lot). The minimum enjoyment score was 4 and the maximum was 7
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with victory type to predict self-reported enjoyment of the competitive task, but pre-
competition testosterone, pre-competition cortisol, and cortisol change failed to predict
task enjoyment1.

Mediation Analyses

The analyses reported above indicate that testosterone change interacted with victory
type to predict both enjoyment of the competitive task and the decision to compete
again. Moreover, binary logistic regression analyses revealed that enjoyment of the
competitive task was a statistically significant predictor of the decision to compete
again (both when including participants who chose to compete against the same
opponent and when excluding them, p’s<.05). Thus, we conducted exploratory
bootstrapping analyses to test whether enjoyment of the competitive task statisti-
cally mediated the victory type x testosterone change interaction on competitive
decision-making (Preacher and Hayes 2004). However, these analyses failed to
provide robust evidence for statistical mediation (confidence intervals for indirect
effects overlapped with zero)2.

Estimates of Likelihood of Winning

We used multiple regression analyses to examine whether testosterone or cortisol were
related to estimates of the likelihood of winning a second Number Tracking Task
competition. There were non-significant main effects or interactions with victory type
for pre-competition testosterone, pre-competition cortisol, testosterone change, and
cortisol change in these analyses (p’s>.06). Further, estimates of the likelihood of
winning were unrelated to the decision to compete again (p’s>.20).

1 Our main results replicated when using Salimetrics kits to measure testosterone concentrations. There were
Victory Type x Testosterone Change interactions on the decision to compete against a new opponent compared
to choosing the non-competitive task when using Salimetrics post-competition minus pre-competition testos-
terone scores (χ2(1) = 4.96, p=.026), Salimetrics percent testosterone change scores (χ2(1) = 4.95, p=.026),
and Salimetrics residualized testosterone change scores (χ2(1) =6.76, p=.009). There were Victory Type x
Testosterone Change interactions on task enjoyment when using Salimetrics time two minus time one scores
(β=−.44, t(49) = −2.49, p=.016), Salimetrics percent testosterone change scores (β=−.45, t(49) = −2.40,
p=.020), and Salimetrics residualized testosterone change scores (β=−.43, t(49) = −2.38, p=.020). These
analyses indicate that the Victory Type x Testosterone Change interactions on task enjoyment and competitive
decision-making were remarkably robust across assay manufacturers and multiple ways of calculating
testosterone change.
2 In line with recent recommendations for increasing transparency in published research (e.g., Simmons et al.
2011), we conducted additional analyses to determine how decisions to include or exclude certain data points
impacted the overall results. When we included the four highly suspicious participants in our analyses, the
Victory Type x Testosterone Change interaction on the decision to compete against a new opponent remained,
as did the Victory Type x Testosterone Change interaction on enjoyment of the competitive task (with both
IBL and Salimetrics residualized T change scores, p’s<.05). We also went back to our open-ended suspicion
check data and applied more stringent criteria for excluding participants, which resulted in an additional nine
participants who could be categorized as at least somewhat suspicious. Despite the large reduction in statistical
power associated with removing these nine participants, there were still Victory Type x Testosterone Change
interactions on competitive decision-making and enjoyment of the competitive task that were consistent with
our main analyses (IBL and Salimetrics residualized T change scores, p-values ranging between .023 and
.076). These analyses demonstrate the robustness of the effects across different inclusion/exclusion criteria.
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Hormones and Affect

We also examined associations between hormones and affective measures. We did not
expect statistically significant effects given a lack of overlap between self-reported
affect and hormones in prior research on NTT or other cognitive competitions (Mehta
and Josephs 2006; Schultheiss et al. 2005). These analyses revealed that pre-
competition cortisol was positively related to post-competition positive affect (r=.32,
p=.017) and change in positive affect from pre- to post-competition (r=.29, p=.034).
There were non-significant correlations for cortisol change, and there were no robust
correlations that replicated across multiple measures for pre-competition testosterone or
testosterone change.

Discussion

Theories of testosterone dynamics and status propose that post-victory testosterone
increases should stimulate the desire to enter into future competition, but the only prior
study that examined this association reported a null result (Mehta and Josephs 2006).
The present study extended this work by showing that a post-victory testosterone
increase does predict a greater propensity to compete, but only after a decisive victory.
Testosterone change showed the opposite association with competitive decisions after a
close victory. These effects were driven by the decision to compete against a new
opponent. In fact, only four participants (6.5 % of the sample) chose to compete against
the same opponent. The effects were specific to the gonadal axis, as similar effects did
not emerge for cortisol. Taken together, our findings advance theory on testosterone
and status in suggesting that a testosterone increase predicts future attempts at gaining
status (entering a second competition) only after a clear, stable rise in status (decisive
victory) but not after an uncertain, unstable rise in status (close victory).

In addition to advancing knowledge on contextual moderators of testosterone
change-behavior associations, the present study also revealed a novel psychological
correlate of post-victory testosterone change: self-reported enjoyment of the competi-
tive task. Testosterone change was positively correlated with task enjoyment after a
decisive victory. Although we are the first to report this association (at least to our
knowledge), this finding converges with theories linking testosterone to reward pro-
cessing and reinforcement. Previous research has found that rats prefer places that were
previously paired with testosterone injections, and follow-up studies indicate that this
effect of testosterone on place preference is mediated by testosterone’s interactions with
dopamine in the ventral striatum, a brain area associated with reward (Packard et al.
1997, 1998). Additional research in California mice suggests that post-victory testos-
terone increases influence future aggressive behavior via increased androgen receptor
expression in the ventral striatum (Fuxjager et al. 2010), likely through testosterone’s
interactions with dopamine. Consistent with these non-human animal studies, exoge-
nous testosterone administration in humans augments ventral striatum activity to
financial reward cues (Hermans et al. 2010; Op de Macks et al. 2011), and ventral
striatum activity positively correlates with subjective pleasure responses to successful
performance in competition (e.g., watching one’s team play favorably) as well as
aggressive motivation towards opponents (Cikara et al. 2011). This cross-species
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evidence converges to suggest that a dynamic testosterone increase after a decisive
victory may enhance future competitive behavior and subjective task enjoyment
through testosterone’s effects on reward regions such as the ventral striatum (but other
possible neural mechanisms include changes in amygdala, prefrontal cortex, or
amygdala-prefrontal cortex connectivity, Peper et al. 2011).

Although our study revealed a positive association between testosterone change and
decisions to compete in the decisive victory condition, there was a surprising negative
association between testosterone change and the propensity to compete against a new
opponent in the close victory condition that was accompanied by a similar pattern for
task enjoyment (striped lines in Figs. 1b and 2). The BMS proposes that post-victory
testosterone increases should stimulate future attempts at gaining or maintaining high
status (Mazur 1985; Mazur and Booth 1998), but little is known about the conditions
under which testosterone increases encourage status-gaining versus status-maintaining
behaviors. Although speculative, one interpretation of our results is that a testosterone
increase after a decisive victory may encourage further attempts to gain status (com-
peting again), whereas a testosterone increase after a close victory may encourage
attempts to maintain one’s higher status position (avoiding further competition). Close
victories model unstable hierarchies in which the winner’s higher status position is
uncertain, and this uncertainty coupled with a drive toward status (testosterone in-
crease) may lead to a status-maintaining behavioral strategy. After all, actively seeking
out further dominance confrontations is risky given that one’s higher status position
was only barely earned; a second competition could possibly lead to a loss of status
rather than a status gain. Consistent with this argument is evidence that unstable and
illegitimate high-status positions lead to risk aversion and behavioral avoidance,
whereas stable and legitimate high-status positions lead to risk taking and behavioral
approach (Jordan et al. 2011; Lammers et al. 2008). Importantly, post-victory testos-
terone changes in the present study were not associated with one’s perceived likelihood
of winning a second competition, suggesting that testosterone change does not operate
on status-seeking or maintenance through conscious perceptions of winning ability.
Instead, we found preliminary evidence that testosterone increases after a close victory
may be associated with reduced reward processing (reduced enjoyment of the compet-
itive task, striped line in Fig. 2), which complements the argument detailed above that
testosterone increases after a decisive victory may be associated with increased reward
processing. The present study is the first to demonstrate a moderating role of close
versus decisive victory on the behavioral and psychological consequences of testoster-
one change, but future research is needed to confirm the robustness of these effects and
provide additional tests of the underlying mechanisms.

The current research builds upon a growing literature in humans suggesting that
short-term testosterone changes both within and outside of competition dynamically
tunes a range of behaviors that may have adaptive benefits for survival and reproduc-
tion, including competitive behavior and performance (Carré and McCormick 2008;
Mehta and Josephs 2006; Zilioli and Watson 2014), aggression (Carré et al. 2009,
2010, 2011, 2013; Geniole et al. 2011), mating behavior (Roney et al. 2007; van der
Meij et al. 2011), trust perceptions (Carré et al. 2014), social and financial risk-taking
(Apicella et al. 2014; Ronay and von Hippel 2010), and learning (Schultheiss et al.
2005). The effect sizes we observed in the present study (e.g., standardized beta of .40
for close/decisive victory x testosterone change interaction on task enjoyment) are in
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line with effect sizes observed in this prior research (e.g., r=.34 for association between
testosterone change and aggressive behavior, Geniole et al. 2011). Although some of
these studies tested whether a rise versus drop in status (victory versus defeat) moder-
ates the association between post-competition testosterone change and behavioral
outcome measures, researchers have generally failed to consider the potential moder-
ating role of hierarchical stability versus instability (close versus decisive victory) (see
also Zilioli and Watson 2014; Zilioli et al. 2014). The present findings suggest that
greater focus should be placed on studying hierarchy stability within this research
tradition. More broadly, our findings highlight the need to expand the search for
contextual moderators in order to rapidly advance knowledge on testosterone dynamics
and status in humans.

There are some limitations and open questions that should be addressed in future
studies. We used a laboratory cognitive competition (the NTT) because it allows for
experimental control in the victory experience and because participants show robust
affective changes to NTT competitions (Mehta and Josephs 2006) similar to other
cognitive competitions (Schultheiss et al. 2005). Nevertheless, it is possible that
participants in the present study did not perceive the NTT as important or did not care
whether they won or lost. This possibility seems unlikely because the victory experi-
ence produced a robust increase in positive affect and decrease in negative affect similar
to prior research, but future studies should include questions related to perceived
importance of the competition in order test its associations or interactions with
competition-related testosterone dynamics.

The present study used a subtle manipulation of relatively close versus decisive
victory in which participants won six puzzles in a row by either 1–3 s per round (close
victory) or 6–10 s per round (decisive victory). This manipulation was effective in
influencing perceptions consistent with a close versus decisive competition (percep-
tions of how competitive and fast the contest was) and competitive decision-making.
We chose this experimental manipulation because pilot testing suggested that having
the participant compete against the confederate at the same time in each round increases
the competitive nature of the contest. However, this manipulation strategy requires that
the participant win in every round (confederate loses). It is not possible for the
participant to lose by a controlled margin with this approach because doing so would
require the confederate to know exactly how long the participant would take to finish
the puzzle in order to announce “done” a fixed period of time before the participant
finishes. This may have been possible had we used a different approach such as Study 1
of Zilioli et al. 2014 in which the participant completed the puzzle first followed by the
confederate, which allows the confederate to adjust completion times to be faster or
slower than the participant by a fixed margin. However, this alternative approach has
limitations in that it likely decreases the competitive nature of the task because the
participant and the confederate are not competing on puzzles at the same time. It will
be important for future studies to use stronger manipulations of close versus decisive
victory in order to complement the present research. For example, future research can
have participants compete on rigged computer-based tasks in which the participant is led
to believe they won 4 rounds and lost 2 rounds (close victory) or won all six rounds
(decisive victory) (e.g., using rigged video games, Carré et al. 2013; Study 2, Zilioli et al.
2014). Future research can also implement the approach used in Study 1 of Zilioli et al.
2014 in order to create a variety of close and decisive victory experiences in the NTT.
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Victory in the present study did not produce a mean increase in testosterone, but
there was substantial variation in testosterone responses that were related to task
enjoyment and competitive decision-making. Prior research that used NTT competi-
tions or other cognitive tasks also found non-significant mean testosterone changes
after victory with variability in testosterone responses that were associated with psy-
chological factors and behavior (Carré et al. 2009; Mehta and Josephs 2006;
Schultheiss et al. 2005; Zilioli et al. 2014). Our results along with these prior studies
suggest that individual differences in pre- to post-competition testosterone changes
predict future behavior even in the absence of a mean testosterone change, an insight
that provides an important theoretical advance to research on testosterone dynamics in
competition (see recent reviews, Carré et al. 2011; Oliveira and Oliveira 2014; Salvador
and Costa 2009). Nevertheless, it will be important to test whether the present results
emerge in competitions that are expected to produce a mean testosterone increase after
victory (Carré et al. 2013; Edwards, Wetzel, and Wyner 2006; Gladue et al. 1989;
Zilioli and Watson 2014). Similarly, there was a non-significant cortisol change from
before to after victory in the current study consistent with prior NTT competitions and
other cognitive competitions (Mehta and Josephs 2006; Wirth et al. 2006; Zilioli et al.
2014), but it will be important to test whether the present results extend to other
competitive domains that are expected to produce non-significant cortisol changes or
a mean cortisol decrease after victory (e.g., Study 1, Mehta et al. 2008; Jiménez et al.
2012; Stanton et al. 2010; Wirth et al. 2006) as well as competitions that are expected to
produce a mean cortisol increase after victory (e.g., Edwards et al. 2006).

Our study measured naturally occurring changes in testosterone from before to after
an experimentally manipulated close or decisive victory experience. We timed the
sequence of events in our study so that testosterone changes were measured prior to
competitive decisions and task enjoyment. This design allows us to claim that post-
victory testosterone change predicts subsequent competitive behavior, but we did not
experimentally manipulate testosterone and thus we cannot be sure that testosterone
directly caused task enjoyment or competitive behavior. However, non-human animal
studies have demonstrated causality (Gleason et al. 2009; Fuxjager et al. 2011; Oliveira
2009; Oliveira et al. 2009; Trainor et al. 2004). For example, one study of male
California mice found that robust victory experiences paired with an injection that
produced short-term elevations in testosterone increased future aggressive behavior
towards a new opponent (Trainor et al. 2004). Follow-up studies showed similar results
in male cichlid fish (Oliveira et al. 2009) and identified neural mechanisms (Fuxjager
et al. 2010). These findings suggest that post-victory testosterone changes may also
have a causal influence on human social behavior, but human studies in which
testosterone concentrations are exogenously altered are required to confirm causality.

The present results are generally consistent with non-human animal studies demon-
strating that robust, decisive victory experiences coupled with a testosterone increase
stimulates subsequent aggressive behavior (Gleason et al. 2009; Fuxjager et al. 2011;
Oliveira 2009; Oliveira et al. 2009; Trainor et al. 2004). At the same time, other non-
human animal studies demonstrate that testosterone is most strongly related to social
behavior in unstable hierarchies (e.g., during periods of social competition such as the
mating season) compared to stable hierarchies (when social competition is absent such
as the non-mating season) (e.g., lemurs, Cavigelli and Pereira 2000; baboons, Beehner
et al. 2006; Sapolsky 1991; birds, Wingfield et al. 1990). However, these non-human
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animal studies tend to operationalize hierarchical stability as periods of social compe-
tition (instability) versus no competition (stability) and do not differentiate between
close and decisive competitions. Thus, the present results cannot be compared directly
to these prior studies. Although much more research needs to be conducted, one
possibility is that a testosterone increase during periods of social competition may be
more likely to stimulate status-seeking behaviors compared to periods of no competi-
tion, whereas a testosterone increase after a decisive victory may be more likely to
stimulate status-seeking behaviors compared to a testosterone increase after a close
victory. Future studies that examine testosterone-behavior associations across periods
of no competition, close competition, and decisive competition are required to test these
predictions directly.

The present study examined male competitors, but future research should test
whether similar effects emerge in women. Some studies have indeed shown associa-
tions between endogenous basal testosterone concentrations and female behavior that
converge with results in males (Josephs et al. 2003, 2006; Mehta and Josephs 2010;
Mehta et al. 2008, 2009; Newman et al. 2005), and others have shown that testosterone
fluctuates in competition similarly across males and females (Jiménez et al. 2012).
These studies suggest that the present results may indeed extend to women. However,
other research shows null associations between testosterone and aggressive behavior in
women (Carré et al. 2011) or shows sex differences in testosterone dynamics
(Kivlighan et al. 2005). Thus, a key future direction is to understand the mechanisms
(both biological and sociocultural) for these similarities and differences in testosterone
function across the sexes.
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