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• We tested the association between menstrual cycle phase and implicit motives as measured with the OMT.
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Sex hormones have been reported to dynamically modulate the expression of implicit motives, a concept that has
previously been thought to be relatively stable over time. This study investigates to what extent the need for
affiliation, power, and achievement, as well as the form of enactment of these needs as measured with the Operant
Motive Test (OMT), is affected by cycle-phase dependent sex hormone fluctuations. In addition to measuring the
strengthofmotive expression, theOMTalso captures different forms ofmotive enactment. In an intra-subject design
with repeatedmeasures, no evidence for cycle-phase related variation in overallmotive scoreswas found. However,
when different forms of motive enactment were considered, an effect of menstrual cycle was observed. The
incentive-based inhibition of the power motive was significantly reduced at the time of ovulation, compared to
the menstrual and to the mid-luteal phase, in naturally cycling women. In women with relatively stable hormone
concentrations (due to using hormonal contraceptives), no significant changes in the form of motive enactment
were evident. The results indicate a specific hormonal influence on motive-related cognitive processes that are re-
lated to inhibitive processes in behavior control.

© 2013 Elsevier Inc. All rights reserved.
1. Introduction

To a large extent, human behavior is accomplished outside of con-
scious awareness. Building on the pioneering work of Atkinson [2], moti-
vational psychology claims that the behavioral output is mainly
influenced by twodistinct entities: One comprisesmomentary situational
cues, including both internal states like hunger or fatigue, and social con-
texts. The other encompasses enduring personal preferences for affective-
ly charged incentives. The latter are considered as the basis of implicit
motives, a network of experiential knowledge acquiredduring early, part-
ly preverbal childhood [27]. From the 1940s onwards, researchers have
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investigated implicit motive systems and developed diverse approaches
to empiricallymeasure inter-individual differences inmotive characteris-
tics [29,37,42]. The prevailing measurement techniques are based upon
content analysis ofwritten reports in response tomotive-arousing picture
cues. These are based on the rationale thatwhenaneed is activated, a par-
ticular configuration of the mental apparatus is aroused that supports
need-specific cognition and behavior [16]. High levels of motive-related
contents recorded under neutral conditions, that is, in the absence of ex-
perimentally induced motivational arousal, are considered as chronically
aroused needs [26]. According to this view, there are large inter-
individual differences in the extent to which people associate positive
feelings with the striving and realization of three basic motives: The affil-
iationmotive (e.g., the need for secure andharmonious relationshipswith
others), the power motive (e.g., the need to have impact on others), and
the achievement motive (e.g., the need to accomplish and to be good at
what one is doing) (for an overview, see [39]).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.physbeh.2013.09.016&domain=pdf
http://dx.doi.org/10.1016/j.physbeh.2013.09.016
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The emphasis on the rewarding nature of goal attainment, and on
the role of positive and negative affective states in behavior control,
suggests a significant neurobiological involvement in motivational pro-
cesses. In particular, sex hormonal effects on behavior control are well
established and can best bedemonstratedwhenever significant changes
in sex hormone concentrations occur (e.g., during puberty, pregnancy,
post-partum, or during menopause). Rapid de- or increases in sex hor-
mone levels, even the comparably small hormone fluctuations in the
course of the menstrual cycle, have repeatedly been shown to affect
mood [19,28,34]. Although the interindividual variability in the degree
to which women experience affective changes across the menstrual
cycle seems to be large, the pharmacological effects of reproductive
hormones are well established. While high doses of progesterone are
generally associated with beneficial effects on mood, such as sedation
and anxiolysis [1], additional high doses of estradiol (that is, a progesto-
gen–estrogen combination) commonly lead to increased tension, irrita-
bility, and depressed mood [7,13]. However, these effects seem to
depend on the dose of pharmacological hormones, aswell as on individ-
ual differences in response to these steroids [17]. Further evidence
exists about hormonal influence on other motivation-modulated pro-
cesses, like executive functions [6], memory functions, in particular
with regard to social cues [18,25,31,44,45], and the general neural reac-
tivity to emotional stimuli, regardless of the valence of the stimuli [32].
Inter alia, the finding of characteristic sex differences in the expression
of the three basic motives, with women displaying on average stronger
affiliation motives than men, and men displaying on average stronger
power motives than women [30,38], has fostered the notion that sex
hormones play a role in the formation and enactment of implicit
motives. Consequently, effects of sex hormones on the strength of im-
plicit motives have been investigated. Schultheiss et al. [40] reported el-
evated levels of affiliation motivation, and decreased levels of power
motivation in women at the time of ovulation. Across three different
cycle-phases, the authors found positive correlations between the
power motive and testosterone levels in men, and estradiol in
women, accordingly. Estradiol has also been linked with attachment
and caregiving behavior in both women [12] andmen [5], and estradiol
is positively associated with intimacy motivation [11]. Furthermore,
Schultheiss et al. [41] provided evidence that there is a bi-directional re-
lation between hormone levels and motive scores: when the affiliation
motive was experimentally aroused, increases in progesterone levels
were observed.

Studies depicting motive-hormone associations have hitherto relied
on classical content coding measurement techniques, such as the the-
matic apperception test (TAT; [29]) or the Picture Story Exercise (PSE;
[42]). However, these instruments neither assess the affective content,
nor the degree to which pre-conceptual motives are connected with
self-regulatory functions (e.g., self-determined versus more incentive-
focused forms of motivation). A more recent method that considers
functional properties of positive and negative affect is the Operant Mo-
tive Test (OMT) developed by Kuhl and Scheffer [21]. This approach
claims to extend the TAT by including an assessment of the extent to
which motives are integrated in self-referential representations [4]. It
is based on the Personality Systems Interaction (PSI) theory, according
to which positive and negative affect play an important role in activat-
ing and inhibiting motivational states and the degree of self-regulated
versus incentive-based motive enactment (for a more detailed intro-
duction, see [4,23]). According to PSI theory, behavioral adaptation to
situational demands depends on both behavioral activation and inhibi-
tion. This is reflected in the construction of the OMT, in that the scoring
key considers not only the three basic motives affiliation, power, and
achievement (e.g., what a person is striving for), but also the five levels
of interaction between motives and volitional functions (e.g., how a
person is striving to meet his or her goals) [4]. The construction of
OMT- levels reflecting different types of motive enactment is informed
by theoretical considerations about the integration of self-regulatory
processes into motivation psychology [20]. For each motive, the OMT-
levels of motive enactment differentiate between fourmotive approach
components and one motive avoidance component (i.g., hope for mo-
tive satisfaction versus fear of motive frustration). The four approaching
components result from the combination of two affective sources of
motivation (positive versus negative affect) and self-determined versus
incentive-based forms of motivation [4]. Furthermore, the conceptuali-
zation allows for a distinction betweenmotivational states that facilitate
spontaneous behavior (OMT-level 2 and 4), and those that reflect stron-
ger behavioral inhibition (OMT-level 1 and 3; see Table 1). Similar to
other measures of implicit motives, participants are presented with
ambiguous line drawings with one or more persons (Fig. 1) that have
been shown to be interpreted as affiliation-, power-, or achievement-
related [35].

Although the notion of hormone/mood/behavior interactions is gen-
erally accepted and considered as a promising route of investigation, re-
search linking human natural hormone levels to motivational processes
is still relatively rare. The present study set out to explore for the first
time the relationship between sex hormones that fluctuate across the
menstrual cycle in youngwomen (progesterone, estradiol, testosterone,
luteinizing hormone (LH) and follicle stimulating hormone (FSH)), and
the different basic motive's forms of enactment as measured with the
OMT. On the basis of previous findings, a positive association between
progesterone and estradiol levels and the overall affiliation motive,
and a negative association between these hormones and power motive
scores were predicted. Accordingly, affiliation motivation was expected
to be stronger expressed and power motivation was expected to be less
strongly expressed in high-hormone phases of the menstrual cycle
(preovulatory phase at mid-cycle, mid-luteal phase) than in a low-
hormone phase (menstrual phase). By contrast, no fluctuations in mo-
tive scores were expected to be found in women with stable hormone
levels due to hormonal contraceptive use. Furthermore, also the
achievement motive was included in the analysis to explore potential
associations between hormone fluctuations and different achievement
OMT-levels. High levels of progesterone have been associated with in-
creased behavioral inhibition [1], whereas high levels of estradiol have
been observed to impair behavioral inhibition in a STROOP-paradigm
[10]. Asmentioned above, there are twoOMT-levels that reflect themo-
tivational basis for facilitated behavioral activation (OMT-levels 2 and
4). Therefore, we expected OMT-levels 2 and 4 to be positively associat-
ed with high levels of estradiol (during the preovulatory phase). The
inhibiting neuromodulatory properties of the combined progesterone/
estradiol effect in the mid-luteal phase were expected to be negatively
associated with OMT-level 2 and 4 scorings.
2. Methods

2.1. Participants and design

Two groups of participants were examined: Group 1 consisted of 33
womenwho reported to have regularmenstrual cycles ranging from 26
to 30 days, and that they had not experienced any kind of hormonal in-
tervention for at least six months prior to testing. Group 2, which func-
tioned as a control condition, consisted of 33 women who reported
having used a vaginal ring (Nuva®Ring) as a hormonal contraceptive
for at least six months prior to testing. This prescription drug delivers
an average of 0.12 mg etonogestrel and 0.015 mg ethinyl estradiol per
day over a three-week period of use [33]. All participants had a German
university-entrance diploma, and verbal intelligence quotients above
80 as measured with the Mehrfachwahl Wortschatz Intelligenztest
(MWT), a standard German intelligence test [24]. In addition to this,
all subjects were neurologically and psychologically healthy, as indicat-
ed by t-values b 60 in the positive symptom distress index from the
Symptom Check List-90-Revised. We asked all participants to state
their current relationship status (no partner or in a relationship for
less than six months, or in a relationship for more than six months).



Table 1
Illustration of the OMT's coding system.

Form of enactment Motive

Affiliation Achievement Power

Level 1:
PA (self-regulated)

Intimacy, affective sharing Flow Guidance

Level 2:
PA (incentive- based)

Sociability Inner standards Status

Level 3:
NA (self-regulated)

Coping with rejection Coping with failure Coping with power-related threat

Level 4:
NA (incentive-based)

Avoiding insecurity Pressure to achieve Inhibited power and/or inhibited dominance

Level 5:
low PA and high NA (passive fear, rumination)

Dependence Failure Powerlessness

PA= positive affect: NA= negative affect. Table adapted from [4].
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Eachwomanwas invited to three testing sessions. For participants in
group 1, these sessions were scheduled in such a way that one session
took place during naturally cycling women's menses (cycle days 2–5)
when all sex hormones were expected to have low concentrations. An-
other session was scheduled to capture the preovulatory estradiol
surge, and eventually the characteristic LH-peak (cycle days 11–15,
corrected for individual cycle-length). A third session took place in the
mid-luteal phase between cycle days 19 and 23 (also corrected for indi-
vidual cycle-length), when progesterone levels were expected to be
highest and estradiol levels were expected to have a second peak. The
definition of these three cycle phases was based on reference values
for the involved sex hormones reported by Stricker et al. [43], and
allowed for the evaluation of estradiol effects (preovulatory) separated
from the combined estradiol/progesterone effect (mid-luteally). Testing
dates were calculated in a similar way for participants in group 2, but
with the day of applying a new vaginal ring as day 1 of the (ring-)
cycle. One third of participants entered the testing series while being
in the menstrual phase (or at the beginning of a Nuva®Ring cycle),
one third entered while in the preovulatory phase (or in the middle of
a Nuva®Ring cycle), and one third entered testing while in the mid-
luteal phase (or at the end of a Nuva®Ring cycle). Time of day was
held constant (either 9 a.m. or 1 p.m., respectively) across all test ses-
sions for each participant to minimize the effects of circadian variability
in hormone releases.

Anonymity was guaranteed at all times. The study protocol was ap-
proved by the ethics committee of Ruhr-University Bochum, and all
subjects gave written, informed consent before participation. They
were reimbursed for participation after every test session.

2.2. The Operant Multi-Motive Test

Implicit motives were assessed with the seven-picture short ver-
sion of the OMT. The main difference between the OMT and standard
methods like the TAT and the PSE exist in the response format. While
participants are required to write full short stories in the TAT and PSE,
they are instructed to think of a short story and to select one person
Fig. 1. Sample pictures from the OMT, chosen to arouse implicit powermotivation (left side), af
permission from the copyright holder (Julius Kuhl).
in each picture as the protagonist, but to write down only keynotes to
the following questions: (1)What is important for the person in this sit-
uation andwhat is the person doing? (2) How does the person feel? (3)
Why does the person feel this way? (4) How does the story end? in the
OMT. Participants were instructed to write down their first association
and spontaneous answers to the four questions, no matter if they had
thought about the same story at the last session(s) or came up with a
new story. The authors claim that this alteration of the response format
reduces distortions caused by logical reasoning, and, moreover, saves
both administration and scoring time [4]. The coding procedure differs
from earlier motive assessment methods: First, the notes to the four
questions are screened for indicators of one out of the three basis mo-
tives. If no motive can be identified unequivocally, the item gets a null
coding (hence, the respective item will be excluded from analysis for
the particular participant). As soon as the coder has labeled the re-
sponse as affiliation, achievement, or power motive, he or she again
screens responses to the four questions, this time checking for hints in-
dicating approach or avoidance behavior. If an approach tendency is ev-
ident in the response, the coder screens the text again for signs of
positive versus negative affect, and for internal or self-regulatory pro-
cesses versus external triggers or incentives from the outside world. If
positive affect and internal triggers are found, Level 1 is coded. If posi-
tive affect and external triggers are found, Level 2 is coded. If negative
affect and internal triggers are found, Level 3 is coded; and if negative
affect and external triggers are found, Level 4 is coded. If an avoiding
tendency is detectable, themotive code is complemented with a ‘5’, be-
cause OMT Level 5 represents the motive avoidance components. For
the affiliation motive, this would include descriptions of feeling lonely,
rejected, and hopeless. For the achievement motive, Level 5 is coded
when fear of failure, or feeling stressed, helpless, or disappointed is de-
scribed. Level 5 for the power motive encompasses feelings of power-
lessness, guilt, or obedience in the OMT. For an overview of the five
OMT Levels, as well as examples for each of the 15 cells (three motive
contents by five levels), see Table 1. No correction for protocol length
is needed in the OMT because only one out of 15 cells is coded per
picture. This way, the overall expression of the three basic motives
filiationmotivation (middle plane), and achievement motivation (right side). Reprint with
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(sumof all motive scorings, irrespective of the correspondingOMT level
scorings), the overall occurrence of the different OMT-levels (sum of
levels 1–5 scorings, irrespective of the respective motive theme), and
the distribution of motive/level combinations can be interpreted. Mea-
sures of classical test theory have been applied to the OMT, and a suffi-
cient internal consistency (Cronbach's Alpha) of 0.74, 0.70, and 0.78
across the four levels of affiliation, achievement, and power, respective-
ly, have been reported [35]. The retest stability was reported with r=
.72 [22]. The validity of the OMT to predict spontaneous behavior relat-
ed to the corresponding basic motive theme has been demonstrated in
several publications ([36]; Baumann et al., 2005; [9]; Baumann &
Scheffer, 2006; Kuhl & Kazén, 2008; Wegner et al., 2010; Wegner,
2012).

All OMTs were analyzed by a well-trained and certified scorer who
had reached sufficient reliability (above 0.85) across several studies
[15]. Moreover, the scorer was naive to the purpose of the study, as
well as to sex and hormonal state of the participants. This procedure
was chosen to reduce distortions caused by experimenter effects, and
the scorer was paid for her expenses. The same seven ambiguous line
drawings were used in the same order in every testing session. Because
subjects never repeated the exact wording when thinking about the
same story, this procedure was considered sufficient in detecting cycle
phase dependent variation in the motive expression.

2.3. Hormone assays

Testing women during distinct phases of their menstrual cycle
requires a confirmation of the self-reported cycle phases by means of
exact hormone determination. Earlier work on the relation between
implicit motives and gonadal steroid hormones (e.g., [40]) used non-
invasive saliva samples to analyze hormone levels. However, those au-
thors pointed out some limitations of saliva-based hormone determina-
tion, such as the rapid fluctuations of steroid hormone concentrations in
saliva, or the impossibility to partition hormone levels into endogenous
and exogenous portions in women using hormonal contraceptives.
Therefore, hormone data were recorded by means of less distraction-
prone blood serum analysis, which allows for more accurate, total
hormone level determination. Following every individual test session,
5–7 ml venous blood was taken from every participant in a medical
praxis on campus. The processing of the samples took place in the asso-
ciated endocrinological laboratory. After the cellular parts of each sam-
ple had been centrifuged, blood serum was analyzed. Estradiol,
progesterone, testosterone, LH and FSH were determined by a solid-
phase, competitive chemiluminescent enzyme immunoassay (Siemens
Diagnostic GmbH, Munich, Germany). This assay features intra- and
interassay coefficients of variation for a low point of the standard
curve of 3.1–7.9% and4.1–7.8%, respectively. The cycle phases of interest
were defined according to the following hormonal inclusion criteria: In
the preovulatory phase, progesterone levels of b2.0 ng/ml, estradiol
levels of N34 pg/ml, LH levels of N5 IU/l, and FSH levels of N4 IU/l were
included. In the mid-luteal phase, progesterone levels of N2 ng/ml,
and estradiol levels of N30 pg/ml were included. To check whether the
naturally cycling women were actually free of hormonal medication,
the sex hormone binding globulin (SHBG) was analyzed and only
participants with SHBG levels of N120 nmol/l were included. On the
other hand, in the hormonal contraceptive control group, SHBG levels
of N120 nmol/l was considered as group inclusion criterion.

2.4. Statistical procedures

All statistical analyses were conducted with PASW Statistics 18.0. To
assess whether OMT-motive scores were modified by cycle phase (or
test session in women using hormonal contraceptives), repeated mea-
sures analyses of variances (ANOVA) were carried out with the within-
subject factors ‘cycle phase’ (menses, preovulatory phase, and mid-
luteal phase), ‘motive’ (affiliation, power, achievement), and ‘OMT-
level’ (1–5). Relationship status and order of test session (cycle
phase at study entrance) were entered in the analysis as covariates.
The association between hormone concentrations and motive ex-
pressions was tested using Pearson's bivariate correlation analyses.
Directional hypothesis concerning hormone-OMT levels 2 and 4-
associations were tested one-sidedly, and all other correlations
two-sidedly. Post-hoc tests were carried out using the Wilcoxon
signed-rank test.

3. Results

3.1. Hormonal validation of cycle phases

In the group of naturally cyclingwomen, 12 out of 33women did not
meet the hormonal inclusion criteria (seven women were already in
their early luteal phase when expected to be in the preovulatory
phase, and five women showed unusually low progesterone levels in
the mid-luteal phase). Another five women did not complete all three
testing sessions due to schedule difficulties. Thus, the final sample of
naturally cycling women consisted of 16 participants, with a mean
age of 24.1 years (S.D. = 2.6), and a mean average cycle length of
28.94 days (S.D. = .1). In this sample, eight women stated that they
were in a relationship, and eight women stated that they were singles.

From 33 tested contraceptive usingwomen,five did not complete all
three testing sessions due to schedule difficulties. Two more had to be
excluded from analysis due to mismatch with the hormone inclusion
criteria. The remaining 26 women had a mean age of 23.7 years
(S.D. = 2.9). In this group, 17 women reported to be in a relationship,
and 9 women did not have a partner at the time of testing.

Valid measurement thresholds of the hormone assays where at
0.2 ng/ml for progesterone, 20 pg/ml for estradiol, 20 ng/dl for testos-
terone, and 0.1 U/l for LH and FSH. For all cases of hormone levels
below these thresholds, values were placed at the threshold value
minus 0.1. This commonly accepted procedure reduces variance inmin-
imal values. Table 2 depicts mean values and standard deviations for all
hormone levels in naturally cycling women and women using the
Nuva®Ring. All hormone levels were in the normal range for the
according cycle phase [43]. A 3 (cycle phases) × 5 (serum values of pro-
gesterone, estradiol, testosterone, LH, and FSH) repeated measures
ANOVA with group as between subject factor yielded a significant cycle
phase by hormone by group interaction, F (8, 256) = 19.17, p b .01, par-
tial η2 = .38. As expected, there was no significant variance of hormone
concentrations across the three testing sessions in women using hor-
monal contraceptives (main effect of cycle phase, F (8, 176) = 2.55,
p N .05).

3.2. Covariates and between-subject factors

Neither in the ANOVAs, nor in the correlation analysis, entering rela-
tionship status as a between-subject factor and/or order of test session
as a covariate contributed significantly to the explained variance. Nei-
ther in the group of naturally cycling women, nor in the control group
of women using hormonal contraceptives, partnered women differed
significantly from single women (all ps N .6). Furthermore, there was
no evidence for carry-over effects in neither group. Therefore, these fac-
tors were no further considered.

3.3. Association between cycle phase, motive scores, and OMT-levels

The internal consistency of OMT-motive scores in the present data
was comparably large as in previous reports (see above): Across all par-
ticipants and all three testing sessions, Cronbach's alphas were 0.70 for
affiliation, 0.51 for achievement, and 0.62 for power motive scores.

The global ANOVA (see 2.4) revealed a significant main effect of
motive (F (2, 80) = 18.68, p b 0.001, partial η2 = 0.36) and a significant
main effect of OMT-level (F (4,160) = 35.97, p b 0.001, partial η2 =
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0.52. All participants scored highest in power motivation (m= 6.7 ±
2.6), followed by affiliation motivation (m= 5.6 ± 2.0), and lowest in
achievement motivation (m= 3.57 ± 1.0, see Fig. 2). All participants
had most level 4 scorings (m= 8.06 ± 1.2), followed by level 5
(m= 4.97 ± 2.7), level 2 (m= 4.46 ± 1.9). Levels 1 (m= 0.66 ± 1.2)
and 3 (m= 1.8 ± 1.7)were significantly less often than the other levels.
There was a significant cycle phase ∗motive ∗ level ∗ group interaction
(F (16, 627) = 2.16, p b 0.05, partial η2 = 0.06). There were no further
main effects or interactions in the global ANOVA (all Fs b 1.4). Follow-
up analysis revealed that in the group of naturally cycling women, the
three basic motives did not vary across the menstrual cycle (cycle
phase ∗motive score: F (4, 60) = 0.43, p N 0.05, partial η2 = 0.028).
However, there was a trend in the data indicating that OMT-levels
were affected by cycle phase in this group (cycle phase ∗ level: F(8,
120) = 1.8, p=0.082, partial η2 = 0.11). The three-fold interaction
cycle phase ∗motive score ∗ level was significant (F (16, 240) =2.82,
p b 0.001, partial η2 = 0.16). A post-hoc test revealed that the level 4
power motive was significantly reduced (F (2, 30) = 6.74, p=0.004,
partial η2 = 0.31) in the preovulatory phase (m= 0.75 ± 0.6), com-
pared to the menstrual (m = 1.38 ± 0.8) and the mid-luteal phase
(m = 1.5 ± 0.9). Because level 4 was the overall most often scored
level (thus, this data was not normally distributed), we checked
this effect using non-parametric Wilcoxon signed-rank test. This
confirmed that power motivation level 4 scorings were significantly
more frequent during menses (m = 1.38) and during the mid-luteal
phase (m = 1.5) than during the preovuloatory phase (m = .75),
z = −2.23, p b .05, r = − .32 (menses-preovulatory), z = −2.4,
p b .05, r = − .35 (preovulatory–mid-luteal). The scores did not dif-
fer between menses and mid-luteal phase, z = −0.82, p = .87, r =
− .12.

In the control group of women using the Nuva®Ring, there was no
evidence for a varied motive/level interaction across the three testing
sessions (test session ∗motive score ∗ level: F(16, 288) = 0.73, p N 0.05,
partial η2 = 0.04) (Table 4).

3.4. Motive-hormone associations

To test if naturally cycling women's hormone fluctuations were
linked with motive or OMT-level scores, bivariate correlation analyses
were calculated (Table 3). There was evidence for a significant relation-
ship between progesterone levels and the number of OMT-level 2 and
level 3 scores: during the preovulatory phase, progesterone was signifi-
cantly correlated with overall-level 2 (incentive orientation), r=− .61,
with overall-level 3 (self-regulated coping), r= .56, and particularly
with level 3 power motivation (coping with power-related threat),
r = .59 (all ps ≤ .05). In the mid-luteal phase, progesterone was sig-
nificantly correlated with the achievement motive, in particular with
Fig. 2. Distribution of motive scores in naturally cycling women at three distinct cycle
phases. Significant variation was not observed in any motive. Error bars indicate standard
deviation (S.D. = 0.3 for achievement motive distribution).



Table 3
Correlations between naturally cyclingwomen's hormone levels and overallmotive/OMT-level scores at three distinct phases of themenstrual cycle. Gray rows reflect one-sided, all other
rows two-sided hypothesis testing. Asterisks indicate significant correlations.
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level 3 achievement (self-regulated coping with failure), r = − .65,
and with level 5 achievement (passive fear of failure), r = − .52.
Level 5 achievement motivation was also correlated with estradiol,
r = − .52 (all ps b .01) in the mid-luteal phase.
Table 4
Distribution ofmotive andOMT-level scores at three distinct phases of themenstrual cycle
in naturally cycling women, compared to Nuva®Ring using women's scores at three test
sessions. Standard deviations are given in brackets.

Menstrual phase
Naturally cycling women Women using Nuva®Ring

Affiliation 1.6 (0.9) 2.0 (0.9)
Power 2.6 (0.9) 2.3 (1.1)
Achievement 1.1 (0.3) 1.2 (0.6)
Level 1 0.6 (0.3) 0.1 (0.3)
Level 2 1.6 (0.8) 1.8 (0.8)
Level3 0.7 (0.8) 0.7 (0.8)
Level 4 2.4 (0.7) 2.4 (0.7)
Level 5 1.6 (1.1) 1.6 (1.1)

Preovulatory phase
Affiliation 1.8 (0.8) 1.8 (1.1)
Power 2.3 (0.9) 2.3 (1.5)
Achievement 1.1 (0.4) 1.4 (0.6)
Level 1 0.2 (0.4) 0.2 (1.1)
Level 2 1.6 (0.9) 1.6 (1.0)
Level3 0.9 (1.1) 0.9 (1.1)
Level 4 2.3 (1.0) 2.3 (1.0)
Level 5 1.7 (1.1) 1.7 (1.1)

Mid-luteal phase
Affiliation 1.6 (0.7) 1.9 (0.8)
Power 2.3 (1.3) 2.0 (1.1)
Achievement 1.1 (0.3) 1.3 (0.5)
Level 1 0.6 (0.4) 0.2 (0.4)
Level 2 1.6 (0.9) 1.8 (0.9)
Level3 0.4 (0.6) 0.4 (0.6)
Level 4 2.9 (1.2) 3.0 (1.2)
Level 5 1.4 (0.9) 1.4 (1.0)
4. Discussion

This study explored whether cycle phase associated changes in the
expression of implicit motives can be demonstrated using a novel mea-
surement approach, the OMT. Indeed, type of motive enactment as the
key feature of the test applied here turned out to bemodulated by cycle
phase. In the preovulatory phase, the dominance or inhibited power
reflecting category (OMT-level 4) was significantly less often scored,
compared to themenstrual and to the mid-luteal phase in naturally cy-
cling women. Similarly, bivariate correlation analysis displayed signifi-
cant relationships between hormone concentrations and OMT-levels,
rather thanwith the three basicmotive values per se. In contrast tofind-
ings derived with the PSE [40], the implicit need for affiliation, power,
and achievement was not subject to cycle phase effects in the current
study. There are several other aspects of divergence between the pres-
ent study and earlier findings, which are discussed separately below.

While sex hormonefluctuations across themenstrual cyclewere not
associated with changes in the motive scores, cycle-phase associated
changes in motive enactment were evident in naturally cycling
women. This finding corroborates the conceptual distinction of motive
themes and forms of motive enactment that constitutes the OMT.
According to our finding, it is not the conceptually rather stable motiva-
tional topic that is modulated by hormone fluctuations. In fact, the
construction of five OMT-levels reflects cognitive and emotional pro-
cesses that are likely to be sensitive to sex- and cycle phase dependent
variation. The OMT offers the opportunity to distinguish between
motive approach and motive avoidance, which is fundamental in
predicting people's spontaneous behavior. Other content coding
methods, such as PSE and TAT, do not account for this distinction in
the same extent as the OMT does. For instance, motive enactment
on level 4 is characterized by negative affect and external triggers,
which can be seen as a form of active behavioral or cognitive avoid-
ance (e.g., striving for positive affect through the avoidance of nega-
tive affect in the sense of negative reinforcement). In this context,
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fluctuating hormone concentrations can act as internal triggers for
behavioral approaching/avoiding tendencies, and the reduced ten-
dency to express negative affect and incentive-based motivation at
mid-cycle can be interpreted as reduced motive avoidance.

Higher scores of those levels that reflect incentive-based, active
forms of motive enactment (OMT levels 2 and 4) were expected in
the pre-ovulatory phase. In fact, thoseOMT-levelswere generally stron-
ger expressed than OMT-levels that reflect higher degrees of self-
regulation (OMT-levels 1 and 3). Instead of a stronger expression of
incentive-based forms of motive enactment, there was evidence for a
partly inverted pattern during the high-estradiol mid-cycle phase, that
is, a decrease in dominance and inhibited power (OMT level 4). Thus,
the OMT-result pointed towards a selective reduction in avoiding
power motive frustration at the time of highest likelihood of concep-
tion. In accordance with this result, no such variation in level 4 scorings
was evident in the control group of women with exogenously
suppressed and stable hormone concentrations. This result can be
interpreted as reflecting an association between the rapid change of es-
tradiol concentration on the physiological level, and concurrent change
in the way that basic motivational needs are fulfilled on the psycholog-
ical level. Albeit no direct link between estradiol concentration and
number of level 4 scorings was observed, women in the control group
(who used the Nuva®Ring and displayed significantly reduced endoge-
nous estradiol levels) displayed higher level 4 scores throughout the
three testing sessions. Because the total (exogenously applied) hor-
mone concentration in those women was much higher (see 2.1), it
can be assumed that high levels of estradiol are associated with a less
rigid enactment of the power motive. Activating effects of estradiol
may in this context lead to amore flexible dealingwith external context
conditions. Earlier investigations found a positive association between
estradiol and expression of power motivation in women (e.g., [14]).
The fact that we did not exactly replicate this association with a differ-
ent measurement technique coincides with the observation of a
low convergent validity between PSE and OMT [8]. Differing findings
concerning the association between estradiol and power motive ex-
pression may be due to the fact that the hormonal state acts as internal
trigger, affecting not only what a person is striving for in a given situa-
tion, but also how she is trying to pursue her needs or goals. It is con-
ceivable that the estradiol surge at mid-cycle is associated with an
increase in the implicit need for power (on a preverbal level as mea-
sured with the PSE), and at the same time with a reduced tendency to
enact this motive in an incentive-based way (in particular, outcome-
focused enactment of the power motive as reflected by the OMT's
level 4 powermotive category). This emphasizes the importance of con-
sidering both aspects of motivation when investigating the influence of
hormonal states on motivational outcomes.

The theoretical construction of OMT levels intends to predict sponta-
neous behavior. Froma neuropsychological point of view, both excitato-
ry (approach) and inhibitory (avoidance) processes are involved in
behavior control. According to Bancroft and Graham [3], individuals dif-
fer in their propensity for one of these processes, and it is suggestive
that there is also intra-individual, potentially hormone-driven variabil-
ity in approaching or avoiding behavior tendencies. It can be proposed
that the generally activating effects of estradiol may reflect an interac-
tion of excitation and inhibiting processes that finally lead to reduced
inhibition. Thus, the estradiol peak in the preovulatory phase would
act as a brake release in behavior control at the time of highest likeli-
hood of conception. Fromanevolutionary point of view, it is conceivable
that the hormonal actions regulating the biological reproductive pro-
cess simultaneously affect psychological processes that facilitate con-
ception. The reduced tendency to enact power needs in an open and
dominant way may thus reflect such an evolutionary adaptation. How-
ever, because the gonadotropins FSH and LH reach their highest concen-
trations in concert with the estradiol peak at the preovulatory phase,
caution is warranted in inferring causal relationships. It remains an
open question to what extent these hormones affect the reduced fear
of motive frustration and how these hormones might interact to pro-
duce this effect.

In contrast to existing evidence, the relationship between progester-
one/estradiol and affiliationmotivation/attachment behavior, as well as
higher affiliation than power motivation in women, is not reflected in
the current results. One possible explanation for the lack of a strong
association between motive themes and hormone concentrations is
the conceptual difference in motive assessment methods. Although
both the previously used PSE and the newly applied OMT have been
subject to thorough methodological validation and proved to excel
sufficient internal consistency and reliability, they may not measure
exactly the same constructs. The PSE was developed in order to capture
motives as basal needs, whereas the focus of the OMT lies on the enact-
ment of needs. In addition, due to the methodological differences in
motive coding, it can be assumed that the PSE is more sensitive to
intra-individual variation (because intra-individual variation can be
estimated across all pictures), whereas the OMT is likely to bemore sen-
sitive to inter-individual variation (only one motive per picture). From
an evolutionary perspective, the increased need for having impact on
others (=PSE power coding) is plausible against the background of a
need to attract potential mates at the time of ovulation. This implicit
need can potentially be achieved by hormone-driven, physiological
processes (such as odor secretion or modification of optical markers
by changed blood supply), and without conscious, self-regulatory be-
havioral effort. Thus, the decreased tendency to enact this need in a
dominant, power-displaying way (=OMT-level 4 power coding) can
be interpreted as an evolutionary stable strategy, too, because (a) exter-
nal incentives are not necessarily required to fulfill the motivational
need and (b) displaying dominant behavior does not seem to be an
adaptive female strategy. This interpretation could be tested and the
remaining potential confound caused by conceptual differences could
be ruled out by conducting a study using both instruments and compar-
ing PSE and OMT motive scores. Generally, the conceptual dissociation
between differing types of motive enactment should be accounted for
in future hormone–motive-association studies.

Besides the motive measurement technique, the current study dif-
fers from other available evidence in two more methodological issues:
First, while previous work used three parallel sets of motive arousing
pictures, the OMT coding procedure allowed for using the same seven
pictures at every testing session. The impact of this methodological dif-
ference could be controlled for by replacing the within-subject design
(which implies repeated-measures designs) by a between-subject de-
sign. However, given the large interindividual difference in both the
scope of hormone fluctuations and motivational schemes, a within-
subject design should be preferred in order to control for pre-existing
differences. Second, while blood serum hormone values were used in
the current study, the more confounding-prone saliva-based hormone
analysis was used previously. The advantage of saliva-sampling lies in
the non-invasive, more readily available sampling method, which
might also facilitate the recruitment of larger samples. In addition,
saliva-derived hormone values reflect only the unbound and bioavail-
able portions of the circulating steroids. However, saliva-derived values
are sensitive to distortion from food aliment or mouth micro-injury
residues, as well as hormone/hormone-binding protein interactions.
Therefore, total hormone levels derived from blood serum analysis can
be considered as the more accurate measure, albeit it requires more
organizational effort.

An importantmethodological limitation has to be taken into account
when interpreting the results of the present study: Due to the lownum-
ber of women in the free-cycling group, the present study had low sta-
tistical power to detect small hormonal effects on motives. Thus,
replication of the present results in a larger cohort would be interesting
in order to look for potentially undetected relationships between hor-
mone levels and motives/OMT-levels.

In summary, the results of this study further support the assumption
that gonadal sex hormones act as internal stimuli on the formation of
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social motivation. Similar to fluctuations in glucose levels acting as
internal stimulus on behavior systems related to hunger and food
intake, sex hormones seem to have a modulating effect on the intuitive
control of a range of social behaviors, such as attachment, affiliation,
cooperation, or competition. Although implicit motives are defined as
enduring personal preferences for affectively charged incentives, what
is measured in content analytic procedures seem to depend on both
external arousal and internal, physiological incitement. Because both
internal and external motive inducements are variable, it is conceivable
that a change or manipulation of triggers lead to a change in the motive
outcome. The OMT has been shown to be a suitable methodological
extension in the study of the psychoendocrinological background of
motivation. Especially because of its consideration of different emotion-
al states and different forms of motive enactment, the OMT is a promis-
ing instrument for future research attempts to disentangle the complex
inter-relation of hormonal states and motive-driven behavior.
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