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Abstract
This study investigated basal and reciprocal relationships between implicit power motivation (n Power), a preference for having impact and
dominance over others, and both salivary estradiol and testosterone in women. 49 participants completed the Picture Story Exercise, a measure of
n Power. During a laboratory contest, participants competed in pairs on a cognitive task and contest outcome (win vs. loss) was experimentally varied.
Estradiol and testosterone levels were determined in saliva samples collected at baseline and several times post-contest, including 1 day post-contest.
n Power was positively associated with basal estradiol concentrations. The positive correlation between n Power and basal estradiol was stronger in
single women, women not taking oral contraceptives, or in women with low-CV estradiol samples than in the overall sample of women. Women's
estradiol responses to a dominance contest were influenced by the interaction of n Power and contest outcome: estradiol increased in power-motivated
winners but decreased in power-motivated losers. For power-motivated winners, elevated levels of estradiol were still present the day after the
contest. Lastly, n Power and estradiol did not correlate with self-reported dominance and correlated negatively with self-reported aggression. Selfreported dominance and aggression did not predict estradiol changes as a function of contest outcome. Overall, n Power did not predict basal
testosterone levels or testosterone changes as a function of dominance contest outcome.
© 2007 Elsevier Inc. All rights reserved.
Keywords: Salivary estradiol; Salivary testosterone; Implicit power motivation; Dominance; Women; Contest; Aggression; Questionnaires; Measurement error; Oral
contraceptives; Relationship status

Introduction
In mammals and many non-mammalian species, estradiol has
well-documented effects on reproductive physiology, behavior,
learning, and memory (Beach, 1981; Becker et al., 2002). It has
also been suggested that it plays a role in dominance behaviors
ranging from dominant posturing to physical aggression, particularly in primates (Michael and Zumpe, 1993; Zumpe and
Michael, 1989). But, with few exceptions, its role in female
dominance in humans remains largely unexplored (Cashdan,
2003). A facilitating role of testosterone in human dominance,
on the other hand, has been documented extensively for men
(Mazur and Booth, 1998). But, as Mazur and Booth (1998) have
pointed out, research findings have not documented a consistent
role for testosterone in women's dominance striving (see also
Bateup et al., 2002; Booth and Dabbs, 1995; Cashdan, 1995;
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Gladue, 1991, Kemper, 1990; Kivlighan et al., 2005; Purifoy
and Koopmans, 1979). In the present research, we therefore
tested the assumption that estradiol plays a critical role for
women's dominance motivation, just as testosterone has been
shown to do for men's dominance motivation.
More specifically, we explored the relationship between
estradiol and the degree to which women have a non-conscious
preference for dominance (implicit need for power motivation,
or n Power). Implicit power motivation, a personality measure
of dominance in humans, is defined as an enduring preference
for having impact on and dominating others (Schultheiss, 2001;
Winter, 1973). From a motivational perspective, women high in
n Power are more likely to be aroused by affectively charged
cues associated with an opportunity to have dominance, to
engage in dominance behaviors once aroused by the predictive
cue, and to be rewarded by having impact or dominance
(Schultheiss et al., 2005a,b). n Power is implicit in the sense that
it operates outside of individuals' conscious awareness, is
assessed indirectly with the Picture Story Exercise (PSE)
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(Smith, 1992), and does not correlate with self-report measures
of dominance (McClelland, 1987; McClelland et al., 1989;
Schultheiss, in press). In numerous studies, the PSE measure of
n Power has been found to predict individuals' testosterone,
cortisol, and norepinephrine responses to a variety of dominance
challenges and outcomes (McClelland, 1982; McClelland et al.,
1980, 1985; Schultheiss and Rohde, 2002; Schultheiss et al.,
2004, 2005a; Wirth et al., 2006).
In exploring the relationship between n Power and estradiol
in women, we examined both basal and dynamic relationships
between these measures. Regarding the basal relationship, we
expected n Power and estradiol to be positively correlated. If
high levels of estradiol facilitate a greater preference for dominance, this may also facilitate greater access to mates. High or
rising levels of estradiol have also been shown to increase sexual
motivation and activity (Adams et al., 1978; Grammer et al.,
2004; Haselton et al., 2007; Udry and Morris, 1968). The combination of estradiol-facilitated dominance preference and sexual
motivation could potentially lead to greater reproductive success.
Preliminary support for this hypothesis comes from Schultheiss
et al. (2003a), who reported a positive relationship between
menstrual-cycle-phase estradiol and n Power in single women.
Although this relationship is consistent with the hypothesis that
estradiol is linked to n Power in women, it requires replication.
Moreover, despite the fact that oral contraceptives reduce
endogenous estradiol levels, Schultheiss et al. (2003a) failed to
find an effect of oral contraceptive use on the relationship
between n Power and estradiol, perhaps due to small sample
size. However, other studies examining the link between estradiol and behavioral measures of dominance report a stronger
correlation between estradiol and outcome measures for normally cycling women than for women using oral contraceptives
(e.g., Grammer et al., 2004). We therefore expected the hypothesized basal relationship between n Power and estradiol to be
stronger for normally cycling women than for women on the pill.
Finally, because free estradiol concentrations in saliva and
serum are extremely low, measurement error tends to be higher
than for other steroid hormones, with average intra- and interassay CVs in the 10% to 20% range (Lipson and Eillison, 1996;
Schultheiss et al., 2003a; Yang et al., 2004). Because measurement error can attenuate the true relationship between two
variables, we also examined whether the hypothesized relationship between n Power and basal estradiol would be stronger for
saliva samples with low measurement error than for samples
with high measurement error.
In the present research, we also examined for the first time
dynamic relationships between n Power and estradiol in humans, using a dominance-contest paradigm that has been exploited successfully in studies on the relationship between
dominance and testosterone in human males (e.g., Mazur and
Booth, 1998; Schultheiss and Rohde, 2002). Research on
testosterone has shown that its relationship with dominance is
not restricted to a basal correlation, but testosterone concentrations also change as a function of dominance interactions and
contests, with winners showing increases, and losers decreases,
in testosterone (Booth et al., 1989; Mazur, 1985; Rose et al.,
1975). Often, post-contest hormone changes also depend on an

individual's motivation to attain dominance (Sapolsky, 1987).
In men and women, testosterone and cortisol post-dominance
contest changes are the function of an interaction between the
individual's n Power and the contest outcome (Schultheiss
et al., 2005a; Wirth et al., 2006; cf. Josephs et al., 2006, for
related findings). For men, power-motivated winners have increases in post-contest testosterone, whereas power-motivated
losers have decreases in testosterone. However, this pattern does
not hold for women. Among female participants, both powermotivated winners and losers shows increases in testosterone, a
finding that Schultheiss et al. (2005a) explained as a by-product
of adrenal activation during the contest.
Extrapolating the hypothesis that estradiol is critically involved in power motivation in women, we hypothesized that in
power-motivated women, estradiol changes induced by the outcome of a dominance contest outcome would mirror those of
testosterone in power-motivated men. We reasoned that surging
levels of estradiol after a dominance victory will prime the
power-motivated individual to further assert her dominance,
whereas falling estradiol levels after a defeat may serve to
transiently decrease dominance motivation and thereby the
likelihood of further losses (for similar arguments related to the
functional role of contest-induced testosterone changes see
Mazur, 1985). We therefore expected that n Power would predict
estradiol increases in dominance contest winners and estradiol
decreases in dominance contest losers. In men, power-motivation-dependent effects of dominance contests on testosterone
changes are observable 15 min post-contest, but not before or
after (Schultheiss, 2007). To explore whether similar timecourse changes can be observed in women's post-contest estradiol levels, we measured salivary estradiol repeatedly after the
contest, including one measurement the day after the contest.
As Mazur and Booth (1998) have pointed out, self-report
measures of dominance motivation frequently fail to predict
testosterone levels and testosterone-related outcomes in men. In
contrast, indirect measures of dominance motivation like the PSE
n Power measure reliably predict both basal testosterone levels
and testosterone responses to dominance contest outcomes in men
(Schultheiss, 2007). In the present research, we explored whether
this dissociation between self-report and indirect measures of
dominance motivation also holds for the hypothesized link
between dominance motivation and estradiol in women.
Finally, we also chose to assay salivary testosterone to test
discriminant effects of n Power on basal estradiol and
testosterone as well as changes in estradiol and testosterone as
a function of dominance contest outcome. The inclusion of both
testosterone and estradiol provides a more complete picture of
the basal and dynamic relationships between the putative
dominance hormones and n Power in women.
Methods
Subjects
Data were collected from a subsample of 53 female graduate and undergraduate students at the University of Michigan (19.96 ± 0.27 years old) who
participated in a larger study on the effects of power motivation on hormonal
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responses to dominance contests (see Wirth et al. (2006, Study 2) for details on
the full sample and findings related to contest-dependent cortisol changes). Four
participants' data were incomplete and were omitted from the analysis; hence,
N = 49 for all analyses. Students majoring in Psychology were not allowed to
participate. On average, participants reported to be 17.47 days past the onset of
their last menstruation. Fourteen women reported taking hormonal oral contraceptives. Participants refrained from eating and oral hygiene for at least 1 h
prior to the start of the study.

Design
For the following analyses, basal salivary estradiol, basal salivary testosterone, post-contest changes in salivary estradiol, and post-contest changes in
salivary testosterone were the dependent variables and implicit power motivation, experimentally varied contest outcome (win versus lose), and self-reported
needs for dominance and aggression were the independent variables.

Procedure
Sessions were run by a single male or female experimenter. As part of
hypotheses unrelated to those reported here, participants were administered, in a
double-blind fashion, 200 mg caffeine or placebo (vitamin C) at the beginning of
the study. Caffeine condition did not have an effect on any of the analyses
reported here. In the pre-contest phase, participants provided a saliva sample
(T1, at 0 min), then completed a PSE (25 min duration), a questionnaire
containing dominance and aggression scales, and other tasks. Next, the experimenter announced that participants would compete against each other in a
contest based on a serial response task (SRT), described below. Participants then
provided a second saliva sample (T2, at 52 min), listened to a 10-min taperecorded goal imagery exercise vividly describing the course of the ensuing
contest from the winner's perspective (cf. Schultheiss, 2001), and provided a
third saliva sample (T3, at 64 min) while working on another task.
During the subsequent contest phase, participants competed against each
other on 10 rounds of the SRT, with a total duration of 10 min. The SRT required
participants to quickly and accurately respond to asterisks (⁎) presented sequentially in four different screen positions by pressing one of four response keys
mapped to those screen positions. The experimenter explained to participants that
after each round, the computers would calculate their performance scores based
on their speed and accuracy on the SRT and then compare their results to
determine the winner of a round. Each round started with a screen announcing the
round number, followed by a countdown. Participants then worked on the SRT
for 50 s. After that, they saw a black screen featuring the words “Calculating and
comparing scores...” for 2 s, followed by either a green screen with the words
“You have won this round” and accompanied by a jubilant jingle or a red screen
with the words “You have lost this round” and accompanied by a low-frequency
snarling tone for 2 s, followed by a blank screen that retained the color of the
feedback screen (3 s). Participants in the winning condition “won” all rounds
except for the second and the fifth, and participants in the losing condition
correspondingly “lost” all rounds except for the second and the fifth.
In the post-contest phase, participants collected fourth, fifth and sixth saliva
samples (T4, at 78 min, 0 min post-contest; T5, at 93 min, 15 min post-contest;
T6, at 108 min, 30 min post-contest) while completing other tasks unrelated to
the results reported here. Finally, they completed a background-data questionnaire, and a suspicion check in the form of an open-ended questionnaire asking
for anything they had noted about the study. Participants returned the following
day and provided a seventh saliva sample (T7). No participants demonstrated
awareness that the contest outcome was experimentally manipulated. Participants were paid for their participation and fully debriefed about the study's
hypotheses and manipulations at the end of the second session.
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2007). PSE stories were coded for motivation Power in accordance with Winter's (1994) Manual for Scoring Motive Imagery in Running Text by a trained
coder. The themes in participant's PSE stories coded for implicit power motivation include strong, forceful actions that have impact over others, controlling
others, influencing or persuading others, offering unsolicited help or advice,
impressing others, fame, prestige, reputation, and actions that elicit a strong
emotional response in others. The trained coder had reached 85% agreement
with expert coding in the Winter Manual training materials. On average when
added together, participants' five PSE stories were 553 ± 17 words long and
contained 5.62 ± 0.33 power images. PSE word count was significantly correlated with n Power scores (p b .05) and were therefore corrected for PSE word
count through regression. Power motive residuals were converted to z scores,
which were used in subsequent analysis.

Self-reported dominance and aggression
We measured self-reported needs for dominance and aggression using the
correspondingly named scales from the Personality Research Form (PRF, Form
E; Jackson, 1984), a self-report inventory of motivational needs. Each scale had
16 Likert-scaled items, and each scale had 8 reverse-coded items. “I have been
known to fly into a rage if things didn't go as I had planned” is an example item
from the aggression scale and “I seldom feel like hitting anyone” is an example of
a reverse-coded item from the aggression scale. “I would like to be an executive
with power over others” is an example item from the dominance scale and “I
avoid positions of power over other people” is an example of a reverse-coded
item from the dominance scale. These scales were chosen for their similarity to
the coding categories for n Power, enabling us to directly compare implicit and
explicit measures of dominance motivation in our analyses. In validation
samples, both the dominance and aggression scales showed satisfactory internal
consistency, Cronbach α values = 0.67 and 0.63, respectively (Jackson, 1984).

Salivary sampling
For each of the seven salivary samples participants provided, participants
used a stick of sugar-free chewing gum to collect up to 7.5 mL saliva in a sterile
polypropylene vial and then discarded the chewing gum (Dabbs, 1991). Participants sealed the vials immediately after each collection. The experimenter placed
the vials in frozen storage immediately after the experimental session was
complete. Samples were freed from mucopolysaccharides and other residuals by
three freeze–thaw cycles followed by centrifugation. Salivary 17β-estradiol
levels were assessed with solid-phase Coat-A-Count 125I radioimmunoassays for
17β-estradiol (TKE2) provided by Diagnostic Products Corporation (Los
Angeles).

Salivary estradiol
To determine salivary estradiol concentrations, we prepared water-based 1:80
dilutions of all standards (with a resulting range of 0.625 to 20 pg/mL) and
controls (see Schultheiss et al., 2003a, for validation data). 800 μL of the saliva
samples, standards, and controls were pipetted into antibody-coated tubes and
allowed to incubate overnight. Next, 1-mL radiotracer was added to each tube
and allowed to incubate overnight. Finally, tubes were aspirated and counted for
3 min. Assay reliability was evaluated by including control samples with known
hormone concentrations in each assay (Bio-Rad Lyphochecks from Bio-Rad
Laboratories, Hercules, CA). The assay manufacturer documents that its assay
does not cross-react with estrogens in oral contraceptives. Analytical sensitivity
(B0 −3 SD) was at 0.20 pg/mL. Analytical recovery was 91.67% for low (2.25 pg/
mL) and 107.33% for high (5.14 pg/mL) estradiol levels. Inter-assay CV for these
measurements was 5.07% and 5.11%, respectively. Participants' seven saliva
samples were counted in duplicate and had a mean intra-assay CV of 24.62%.

Implicit power motivation (n Power)
Salivary testosterone
Implicit power motivation was assessed with the PSE with instructions
specified by Schultheiss and Pang (2007). Participants were given 5 min to write
creative stories in response to pictures. Five pictures were chosen for the PSE
stories: women in laboratory, ship captain, boxer, protester hurling a stone, and
bicycle race (for further description of these pictures see Schultheiss and Pang,

To determine salivary testosterone concentrations, we prepared water-based
dilutions of all standards (with a resulting range of 5 to 400 pg/mL) and controls.
400 μL of the saliva samples, standards, and controls were pipetted into antibody-coated tubes and allowed to incubate overnight. Next, 1-mL radiotracer
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was added to each tube and allowed to incubate overnight. Finally, tubes were
aspirated and counted for 3 min. Assay reliability was evaluated by including
control samples with known hormone concentrations in each assay (Bio-Rad
Lyphochecks from Bio-Rad Laboratories, Hercules, CA). Analytical sensitivity
(B0 − 3 SD) was at 2.44 pg/mL. Analytical recovery was 113.41% for low
(8.20 pg/mL) and 92.44% for high (18.20 pg/mL) testosterone levels. Interassay testosterone CV was 13.02% for saliva pools collected from female
participants. Participants' seven saliva samples were counted in duplicate and
had a mean intra-assay CV of 12.29%.

Data analysis
SYSTAT 10.0 statistical software was used for all analyses, including regression. Descriptive statistics are shown as mean (±SEM). See Table 1 for
sample characteristics of n Power, PRF scales, salivary estradiol, salivary testosterone, and age.

Results
Estradiol measurement stability at times 1 and 2
Due to the high average intra-assay CV, we first determined
the stability of the estradiol measurements for the 43 participants
that had samples at both T1 and T2. We found a significant and
highly positive correlation between the first two estradiol measurements (see Fig. 1), suggesting high retest stability of our
estradiol measure. Given this high stability, we averaged the first
two estradiol measurements to increase reliability for the basal
estradiol analysis. Participants' mean basal estradiol concentration (average T1 and T2) was 2.02 ± 0.33 pg/mL.
Regression of n Power and basal estradiol
A regression of estradiol on n Power scores revealed a highly
significant effect of n Power on basal estradiol (see Fig. 2). In
this analysis of all 49 participants, we included six participants

Fig. 1. Correlation of basal salivary estradiol measurements at T1 (0 min) and T2
(52 min).

for whom we had data from only one saliva sample due to
insufficient saliva volume on the other.
Testing effects of CV levels on the n Power–estradiol correlation
Next, we split the sample at the median average coefficient
of variation (CV) for basal estradiol into a low-CV (10.22 ±
1.06%) and a high-CV group (40.92 ± 5.43%) to examine the
effect of measurement error on the association between n Power
and estradiol. The regression of estradiol on n Power scores for
the low-CV group showed a stronger correlation with n Power

Table 1
Sample characteristics for n Power (word-count-corrected z scores), PRF
dominance scale, PRF aggression scale, salivary estradiol (in pg/mL), salivary
testosterone (in pg/mL), and age (in years)

n Power
PRF aggression
PRF dominance
Salivary estradiol
T1
T2
T3
T4
T5
T6
T7
Salivary testosterone
T1
T2
T3
T4
T5
T6
T7
Age

Mean

SEM

CV (%)

0.00
7.73
9.60

0.14
0.34
0.64

2.08
2.01
1.88
2.03
1.99
2.20
2.25

0.22
0.22
0.21
0.25
0.24
0.28
0.28

21.92
27.41
24.29
20.45
25.07
18.60
24.70

19.62
15.01
15.36
15.75
15.42
14.87
20.40
19.96

1.69
1.21
1.13
1.15
1.18
1.06
1.35
0.27

10.90
12.98
13.49
13.16
13.44
12.08
9.97

Fig. 2. Correlation between n Power and basal salivary estradiol (average of T1
and T2).
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(R = 0.50, P = 0.01, N = 25) than for the high-CV group (R =
0.24, ns, N = 24; see Fig. 3, Panel A). This finding indicates that
high measurement error can attenuate the association between
n Power and estradiol.
Testing effects of oral contraceptives on the n Power–estradiol
correlation
Analysis of hormonal contraceptive use showed that the
positive relationship between n Power and estradiol is stronger
in normally cycling women (R = 0.44, P = 0.009, N = 35) than in
women who are taking hormonal contraceptives (R = 0.12,
P = ns, N = 14; see Fig. 3, Panel B).
Testing effects of relationship status on the n Power–estradiol
correlation
Schultheiss et al. (2003a) reported a significant positive
relationship between n Power and estradiol in single women,
but not in women in close relationships. This study replicated
their finding. When grouping the women into those who were
in close relationships and those who were not, we found that
there is a highly significant, positive correlation between
n Power and estradiol for single women (R = 0.55, P = 0.004,
N = 25), but not for women in a close relationship (R = 0.08, ns,
N = 24; see Fig. 3, Panel C). In this sample, women in a close
relationship were significantly more likely to use oral contraceptives (χ2(1, N = 49) =6.87, p b 0.01).
Testing effects of contest outcome and n Power on estradiol
changes
Because measurement error was an important factor in the
correlation between n Power and basal salivary estradiol, we
continued to divide the sample into high-CV and low-CV
groups for the dominance contest analysis to see if measurement error continued to play a role in the relationship between
n Power and estradiol. We split participants into two groups at
the median of the averaged CV of combined pre-contest (T3)
and post-contest (T4, T5, T6) estradiol samples. Examining
the low-CV group (12.47 ± 0.70%) using ANCOVA, we did
not find significant main effects of n Power or contest outcome, P values b 0.10. But there was a highly significant
interaction of n Power and contest outcome on residualized
average estradiol levels (variance in post-contest estradiol
after controlling for pre-contest estradiol) (B = 1.38, SE = 0.48,
t(1,20) = 2.84, P = 0.01). The within-subjects, Contest Outcome × n Power × Time interaction on estradiol residuals was
not significant documenting that the effect is not driven by
differential changes across post-estradiol levels. This allowed
us to average the three post-contest estradiol measurements
Fig. 3. Correlations between n Power and basal salivary estradiol (average of T1
and T2). Panel A depicts the correlations for groups of high (dashed line) and
low (solid line) estradiol measurement error (CV). Panel B depicts the
correlations for women who do (solid line) and do not (dashed line) use oral
contraceptives. Panel C depicts the correlations for the single women (dashed
line) and for women in close relationships (solid line).
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(T4, T5, T6) (2.64 pg/mL ± 0.29). For winners, the positive
correlation between n Power and residualized average estradiol was significant (R = 0.35, P = 0.05, N = 16). For losers, we
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found a negative correlation between n Power and estradiol
residuals that approached the level of a trend (R = − 0.42, P =
0.125, N = 9; cf. Fig. 4). There were no effects for the highCV group (32.30 ± 2.76%; N = 24). Despite the fact that time
was not a significant factor, we also ran the analyses for each
post-contest time point. After controlling for pre-contest estradiol, the n Power × Contest Outcome interaction was significant at T4 (B = 1.25, SE = 0.43, t(1,20) = 2.93, P b 0.01), T5
(B = 1.07, SE = 0.39, t(1,20) = 1.95, P = 0.065), and T6
(B = 1.79, SE = 0.80, t(1,20) = 2.25, P = 0.036). At each time
point, the direction of the correlation between n Power and
residualized estradiol for the groups of winners and losers was
the same as in the analyses that aggregated over time points
T4, T5, and T6. These findings suggest that the n Power ×
Contest Outcome effect on post-contest estradiol did not vary
substantially from immediately after the contest to 30 min
post-contest.
For the analysis on estradiol changes as a result of the
contest outcome from immediately before the contest (T3), to
the day after the contest (T7), we split the sample at the
averaged median CV of combined estradiol samples T3 and
T7. Examining the group with low-estradiol CV (14.91 ±
2.60%; N = 24), there was still a significant, positive correlation in winners between n Power and the estradiol residuals
(variance in day-after estradiol (T7) controlling for pre-contest
estradiol (T3)) (R = 0.44, P = 0.02, N = 14; cf. Fig. 5). This
effect is similar in direction and magnitude as the effect
showing estradiol changes immediately post-contest. For
losers, there was no relationship between n Power and
estradiol residuals (R = 0.07, ns, N = 10). There were no dayafter effects for the high-CV group (34.41 ± 3.59%; N = 25).

Fig. 5. Estradiol residuals (day-after contest estradiol (T7) adjusted for precontest estradiol (T3)) as a function of n Power and contest outcome for
participants in the low-CV group (N = 24). The contest losers are represented by
the dashed line and the winners by the solid line.

Discriminant prediction of basal and dynamic estradiol
concentrations by n Power and self-report measures of
dominance
The last set of analyses, for which results are presented in
Table 2, compared the validity of n Power against PRF questionnaire scales of dominance and aggression in predicting basal
estradiol and contest-induced estradiol changes. The correlation
between the questionnaire measure of dominance and basal
estradiol was not significant. However, analyses did reveal a
negative trend between the questionnaire scale of aggression
and estradiol. We also examined the relationships between
n Power and the scales and found that n Power was unrelated to
the questionnaire measure of dominance, but that higher levels
of n Power were significantly related to lower PRF aggression
scores. Just as in the n Power analyses, we tried to predict
changes in post-contest estradiol as a function of contest outcome and self-reported dominance or aggression for the lowestradiol CV group. Using ANCOVA, neither the dominance
Table 2
Correlations between n Power (z scores), PRF dominance scale, PRF aggression
scale, basal salivary estradiol (average of T1 and T2), and basal salivary testosterone
(average of T1 and T2)
n Power

Fig. 4. Estradiol residuals (average post-contest estradiol (T4, T5, and T6)
adjusted for pre-contest estradiol (T3)) as a function of n Power and contest
outcome for participants in the low-CV group (N = 25). The contest losers are
represented by the dashed line and the winners by the solid line.

n Power
PRF aggression
PRF dominance
Basal salivary
estradiol
Basal salivary
testosterone

–
−0.36⁎⁎⁎
−0.21
0.36⁎⁎⁎
−0.04

PRF
aggression

PRF
dominance

Basal salivary
estradiol

0.19
− 0.27⁎

–
0.07

–

0.07

0.08

0.44⁎⁎⁎⁎

–

P-values: ⁎P = .10; ⁎⁎P = .05; ⁎⁎⁎P = .01; ⁎⁎⁎⁎P b.01.
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(B = − 0.48, SE = 0.87, t(1,20) = − 1.35, ns) nor the aggression
scales (B = − 0.11, SE = 0.17, t(1,20) = − .68, ns), in interaction
with contest outcome, significantly predicted post-contest estradiol residuals using pre-contest estradiol (T3) as a covariate.
Testing basal and dynamic relationships between testosterone
and n Power
To test associations between n Power and salivary testosterone in the same sample in which we had evaluated the
associations between n Power and salivary estradiol, we yoked
the analyses by using the same participant groups (divided by
low- versus high-estradiol CV) for the testosterone analyses.
Participants' mean basal testosterone concentration (average T1
and T2) was 17.25 ±1.38 pg/mL. We found a highly significant
positive correlation between basal testosterone (T1 and T2) and
basal estradiol (see Table 2). However, basal testosterone was
not correlated with n Power (see Table 2). We found that there
was no significant relationship between n Power and basal
testosterone for women with low-estradiol CVs (R = 0.02, ns,
N = 25) or women with high-estradiol CVs (R = −0.20, ns, N =
24). For single women, we found that there was no significant
relationship between n Power and basal testosterone (R = 0.16,
ns, N = 25), but that for women in close relationships, there was a
trend negative correlation between basal testosterone and
n Power (R = − 0.39, P = .06, N = 24). For both normally cycling
women and women taking oral contraceptives, there was no
significant relationship between n Power and basal testosterone,
R = − 0.02, ns, N = 35 and R = − 0.40, ns, N = 14, respectively. For
women with low-estradiol CVs, the interaction of n Power and
contest outcome was not significant for averaged post-contest
testosterone levels (B = 2.34, SE = 2.57, t(1,20) = 0.91, ns) and for
day-after testosterone levels (B = 2.76, SE = 3.25, t(1,19) = 0.85,
ns), after controlling for pre-contest testosterone in each case.
We also employed bi-partial correlation analysis, which
measures the co-variation between post-contest (T4, T5, T6)
estradiol and testosterone after controlling for pre-contest (T3)
levels of estradiol and testosterone, to determine the
relationship between post-contest estradiol changes and postcontest testosterone changes, independent of n Power. Postcontest estradiol and post-contest testosterone did not co-vary
(R = − 0.01, ns).
Discussion
Our hypothesis that women's n Power and basal estradiol
levels would be positively correlated was confirmed. Across all
participants, a higher non-conscious preference for dominance
was associated with higher basal estradiol levels. This finding
is consistent with research from the primate literature that
documents a link between estradiol and dominance (Michael
and Zumpe, 1993; Zumpe and Michael, 1989). It also replicates
an earlier finding by Schultheiss et al. (2003a), who found a
positive correlation between n Power and estradiol. However,
like in that earlier study, we found that the positive correlation
is particularly strong in single women, but not in women
engaged in close relationships.
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Past research has linked high levels of n Power to sexual
activity (McClelland, 1975; Winter, 1973), and this finding
holds both for men and for women (Schultheiss et al., 2003b).
Moreover, high or rising levels of estradiol have also been
found to be associated with behavioral indicators of mate pursuit (Grammer et al., 2004; Haselton et al., 2007) and increased
sexual activity in women (Adams et al., 1978; Udry and Morris,
1968). We therefore speculate that the link between n Power and
estradiol we observed in the present research may account for
the greater likelihood of high-n Power women to engage in
sexual activity. The difference between single women and
women engaged in close relationships may suggest that in
single women, n Power is closely aligned with estradiol's role in
attracting a sexual partner (cf., Grammer et al., 2004), but that
this link is less important for women who have already found a
partner (for related findings from the literature on testosterone
and relationship status in men, see Booth and Dabbs, 1993,
1995; Gray et al., 2002; Mazur and Michalek, 1998; McIntyre et
al., 2006; van Anders and Watson, 2006).
The current study also expanded upon past research by
showing that, as expected, measurement error and oral contraceptive use are important factors to consider when examining
the relationship between n Power and salivary estradiol. When
we divided our sample at the median CV for the basal estradiol
measurement, we found that the low-CV group showed a
significant positive correlation between n Power and estradiol,
while the high-CV group did not, suggesting that salivary
estradiol measurement error can mask the association. A similar
finding emerged from our analyses of dynamic relationships
between n Power and estradiol in the context of a dominance
contest: the hypothesized interaction between n Power and
contest outcome on post-contest estradiol changes emerged
only in the low-CV group, but not in the high-CV group.
Finally, women with normal cycles had a stronger positive
correlation between n Power and basal estradiol, suggesting that
suppression of endogenous estradiol production might also
mask the link between motivational dispositions and hormone
levels. However, oral contraceptive use and relationship status
are highly confounded in the present study, and further studies
need to disentangle the respective effects of these variables.
Consistent with our prediction of a dynamic relationship
between n Power and estradiol, we also found that estradiol
changes after winning or losing a dominance contest depend on
women's n Power. Winners high in n Power had post-contest
increases in estradiol and losers high in n Power had decreases
in estradiol, a result that closely resembles the pattern of testosterone responses in high-n Power men to victory and defeat
in dominance contests (Schultheiss and Rohde, 2002; Schultheiss et al., 2005a). Moreover, elevated estradiol levels in highn Power winners could even be documented 1 day after the
contest. This latter finding parallels past work by Mazur et al.
(1992), who reported that male winners of chess competitions
showed elevated testosterone levels for weeks.
What is the mechanism driving the quick estradiol responses
to the dominance contest we observed in high-n Power women
in the present study? Our results do not appear to fit the adrenalactivation model proposed by Schultheiss et al. (2005a) to
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account for high-n Power women's testosterone responses to
dominance contests (see introduction). Wirth et al. (2006) found
in the larger sample from which we drew our female subject
pool that high n Power predicts decreased cortisol after a contest
victory and increased cortisol after a defeat, a pattern that is the
exact opposite of the increased estradiol in high n Power winners and decreased estradiol in high n Power losers we observed
in the present study. We therefore think it is unlikely that the
changes in estradiol we documented in the present study represent a byproduct of adrenal steroid production.
One possible mechanism that may account for rapid situation-induced changes in gonadal steroid production has been
proposed by Sapolsky (1987) for the case of male testosterone
responses to dominance challenges. Sapolsky found that dominant baboons respond to a challenge by releasing norepinephrine, which stimulates testicular steroid release within minutes.
In contrast, non-dominant baboons respond to similar challenges with increased cortisol levels, which inhibit steroid release from the testes equally quickly. While Sapolsky's model is
very suitable for explaining the effects of n Power on men's
testosterone responses to winning and losing a contest (Schultheiss, 2007), the question to what extent sympathetic vs. HPA
axis responses to dominance challenges can have similar effects
on the female ovaries and hence on estradiol release have, to our
knowledge, not been explored so far. It is interesting to note,
however, that estradiol changes could be under sympathetic
control through direct vagal innervation and stimulation of the
ovaries, which would allow rapid modulation of estradiol
production (Gerendai and Halasz, 2001). Moreover, consistent
with our observation that in high-n Power individuals estradiol
and cortisol change in opposite directions, gonadal steroid release is inversely related to adrenal activation (e.g., Viau, 2002).
It remains to be determined, though, whether the mechanisms
involved in this inverse relationship can account for the rapid
estradiol changes we observed in the present research.
Yet another possible mechanism is suggested by recent
evidence that shows that social interactions, such as dominance
contests, can rapidly modulate aromatase activity driving fast
changes in estradiol concentrations in the CNS (Balthazart and
Ball, 2006). However, this effect takes place locally in target
tissues of the brain and it remains unclear to what extent this
effect could be detected peripherally (e.g., in saliva).
We also sampled salivary testosterone in our study to examine the degree to which testosterone and estradiol had
similar effects. We found that testosterone and estradiol were
positively related at baseline. However, testosterone was not
related to n Power at baseline, and testosterone changes were
not predicted by n Power in interaction with contest outcome.
Thus, in this sample, estradiol was the hormone that was
related to a preference for dominance, and estradiol was also
the hormone that was responsive to dominance contest
outcomes in interaction with individuals' preference for dominance. Additionally, despite the baseline correlation between
the two hormones, we found that changes in estradiol and
testosterone as a function of the contest outcome were not
related. Thus, our data suggest that the two hormones have
non-overlapping functions with regard to dominance in

women. Our data provide support for the hypothesis that
estradiol may be more closely related to dominance in women
than testosterone.
Finally, in the present research, we also tested the hypothesis
that implicit and self-report measures of dominance motivation
are differentially associated with salivary estradiol measures. As
hypothesized, n Power was not related to the self-report PRF
dominance scale, and this self-report measure did not predict
estradiol concentrations. Moreover, while n Power predicted
estradiol changes in interaction with contest outcome, neither
self-reported dominance nor aggression predicted estradiol
changes in interaction with contest outcome. These findings
further corroborate the idea that implicit measures of dominance
motivation are better predictors of endocrine processes than
self-report measures of dominance. Schultheiss (2007) argued
that the influence of sex steroids on motivation and behavior
exists in many species without any need for conscious
awareness and that conscious beliefs about one's motivational
needs are not “read-outs” of, or identical with, the output of core
motivational brain systems. Other research groups have also
shown that even in humans, steroid hormones can cause
physiological and behavioral changes outside of conscious
awareness (Van Honk et al., 1999, 2001, 2005).
The negative correlation between estradiol and self-reported
aggression replicates earlier research by Cashdan (2003) and
Gladue (1991). However, in humans, aggression is typically
not a socially acceptable outlet for the need for dominance.
Winter (1988) reported that successful outlets for n Power in
women are often subtle forms of dominance that are shaped by
social responsibility, education, and socialization and that these
expressions of n Power rarely include physical aggression.
Moreover, in humans, aggressive behavior may reflect defensiveness and not dominance, and it is notable that in animals,
defensive aggression is not dependent on circulating levels of
gonadal steroids whereas dominant aggression is (cf. Albert et
al., 1992; Schultheiss and Wirth, in press). The current
findings, along with those of Cashdan (2003) and Gladue
(1991), might point to the possibility that those high in n Power
and estradiol have learned successfully to channel their
dominance motivation into socially acceptable outlets and not
into aggression.
To sum up, we have found that estradiol, but not testosterone,
and a non-conscious need for dominance are positively related in
women. This positive relationship is strongest in single women,
women not taking oral contraceptives, and in the absence of high
salivary estradiol measurement error. Additionally, we have
documented for the first time that changes in estradiol after a
dominance contest depend on the interplay between the outcome
of the contest and individual's power motivation.
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