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A B S T R A C T

Oral contraceptive pill (OC) is one of the most popular form of contraception. Despite both behavioral and
neuroimaging evidence of its significant impact on female brain and cognitive functions, much remains to be
discovered regarding OCs targets in the brain and mechanisms of action. In the present study mental rotation
performance was compared between women using anti-androgenic oral contraceptives (n=35), naturally cy-
cling (NC) women (n=33) and men (n=29). On average, OC users were less accurate than NC women and
men. Men performed the task more accurately than NC women, but the difference reached significance only in
the highest angular disparity condition (150 deg). The response time was positively related with progesterone
level while accuracy was negatively related with 17ß-estradiol level, in NC, but not OC women. The comparison
of slope and intercept values (parameters relating response time to angular disparity) revealed the main result of
present study: OC users exhibited significantly lower slope compared to men and NC women, but there were no
differences in intercept between groups. These results suggest that OC users instead of using rotation in mind
strategy implemented some alternative method(s). We conclude that lower performance accuracy of OC users
could be related to a less efficient performance strategy.

1. Introduction

During the last decades oral hormonal contraceptives (OCs) became
one of the most popular form of contraception. While there is an in-
creasing amount of data about significant effect of hormonal contra-
ceptives on brain structure (e.g. Petersen et al., 2015; Pletzer et al.,
2015) and functions (e.g. Armbruster et al., 2017; Beltz et al., 2015;
Cicinelli et al., 2011; Egan and Gleason, 2012; Gogos, 2013; Graham
and Milad, 2013; Griksiene and Ruksenas, 2011; Kerschbaum et al.,
2017; Kuhlmann and Wolf, 2005; Marecková et al., 2014; Mordecai
et al., 2017; Nielsen et al., 2013; Petersen et al., 2014; Pletzer et al.,
2014b; Wharton et al., 2008), some studies are demonstrating no im-
pact (e.g. Islam et al., 2008; Rosenberg and Park, 2002). With such
ambiguous findings it is natural that recent papers reviewing the effects
of hormonal contraceptives on cognition highlight a need for more
studies in this area (Giatti et al., 2016; Gogos et al., 2014; Pletzer and
Kerschbaum, 2014).

Spatial abilities (including mental rotation) play an important role
in human intelligence. Mental rotation is a hypothetical psychological
operation in which a mental image is rotated around some axis (Zacks,
2008), characterized as one of the cognitive functions demonstrating
the most consistent sex differences and sensitivity to the effect of sex

hormones in humans (for a review see Hamson et al., 2016; Pletzer,
2014). Namely, male excel at the behavioral level in the form of shorter
response time and/or higher accuracy (Astur et al., 2004; Boone and
Hegarty, 2017; Halari et al., 2006; Noreika et al., 2014; Parsons et al.,
2004; Roberts and Bell, 2003; Simić and Santini, 2012). Furthermore,
sex and/or sex steroids related differences are evident in the brain ac-
tivity evaluated by functional magnetic resonance imaging (Hugdahl
et al., 2006; Jordan et al., 2002; Schöning et al., 2007; Thomsen et al.,
2000; Weiss et al., 2003) and electroencephalography (Desrocher et al.,
1995; Jaušovec, 2012; Yu et al., 2009). Changes in mental rotation
performance and/or in mental rotation related brain activity have been
demonstrated in various conditions related to altered levels of fluctu-
ating sex steroids. Studies evaluating mental rotation performance
during women menstrual cycle reported a decrease of accuracy with an
increase of estradiol (Hampson et al., 2014; Hausmann et al., 2000) and
slower response time when progesterone was higher (Courvoisier et al.,
2013; Noreika et al., 2014). Whereas, androgens have been shown to
improve the performance of both women (Aleman et al., 2004;
Hausmann et al., 2000) and men (Hooven et al., 2004). Moreover, it has
been demonstrated that individuals with complete androgen in-
sensitivity syndrome (a male karyotype but a female phenotype) (van
Hemmen et al., 2016) and male-to-female transsexuals after cross-sex
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hormone treatment (Carrillo et al., 2010) show a female-like neural
activation pattern during mental rotation, providing evidence that sex
differences in regional brain function during mental rotation reflect
gonadal hormone exposure. On the other hand, results of some studies
denied contribution of sex steroids to sex differences in mental rotation
e.g. (Gordon and Lee, 1993; Puts et al., 2010).

Having in mind the importance of sex steroids on mental rotation, it
is possible that performance on this task might be altered in OC users
whose hormonal balance is changed markedly. Although some previous
studies demonstrated differences between OC users and naturally cy-
cling (NC) women (Griksiene and Ruksenas, 2011; Wharton et al.,
2008), others found no such differences (Islam et al., 2008; Rosenberg
and Park, 2002). Inconsistencies across studies may have been caused
by various methodological issues such as sample size, treating all OCs
users as one group without the respect to the type of OC, the use of tasks
that are differently sensitive to sex steroids, lack of hormone measures
as well as different intellectual abilities among others (Beltz et al.,
2015). Accounting for the heterogeneity of OCs is one of the most
common differences between studies that demonstrated the effect of
OCs on mental rotation, and those that did not. Most combined OCs
contain ethinyl estradiol and various progestins. All progestins bind to
the progesterone receptors, but they also modulate the activity of other
steroid hormones (androgen, estrogen, glucocorticoid, and miner-
alocorticoid) receptors by preventing the activation or inducing the
transactivation of a steroid receptor. Depending on agonistic or an-
tagonistic effect of progestins on androgen receptors they can be
grouped into androgenic (e.g. levonogestrel, desogestrel, gestodene)
and antiandrogenic (e.g. chlormadinone acetate, dienogest, drospir-
enone) compounds (Africander et al., 2011; Giatti et al., 2016;
Schneider, 2003; Sitruk-Ware, 2006). Within these groups, androgenic
as well as antiandrogenic properties may differ depending on the affi-
nity of the particular progestin to androgen receptors. For example,
gestodene, desogestrel and norgestimate have been shown to have
lower androgenic effect as compared to levonogestrel (Hammond et al.,
2001; Stanczyk and Archer, 2014). In studies where no effect of OCs on
mental rotation was demonstrated women were not separated ac-
cording to the pills used (estradiol dose, progestin androgenity and
dose, constant or changing amount of hormones across the active pill
phase etc.) (Gordon and Lee, 1993; Islam et al., 2008; Rosenberg and
Park, 2002). Whereas in the studies showing an impact of OCs on
mental rotation, the dose of ethinyl estradiol (Beltz et al., 2015) and
androgenity of progestins (Griksiene and Ruksenas, 2011; Wharton
et al., 2008) were shown as significant factors. Wharton et al. (2008)
results revealed the highest mental rotation performance accuracy in
women who used the most androgenic OCs (containing second gen-
eration progestins) and the lowest accuracy in women who used anti-
androgenic OCs. We, in our previous study (Griksiene and Ruksenas,
2011), demonstrated lower accuracy in antiandrogenic OC users but
only in a more difficult task condition (higher angular disparity be-
tween figures in pair). Moreover, the study by Beltz et al. focusing on
the effect of ethinyl estradiol, showed that monophasic OC users, taking
OCs that contain androgenic progestins, outperformed NC women in
mental rotation (Beltz et al., 2015).

This is in line with findings demonstrating an association between
sex steroids and mental rotation results in females (Aleman et al., 2004;
Hampson et al., 2014; Hausmann et al., 2000). The distinction between
effects of androgenic and antiandrogenic progestins is even more im-
portant due to the increasing usage of the new generation progestins (at
least in Europe) (Pletzer and Kerschbaum, 2014) with most of them
(drospirenone, dienogest, nomegestrol acetate etc.) exerting an anti-
androgenic activity (Sitruk-Ware, 2006).

The complexity of mental rotation process is another potent source
for inconsistencies between mental rotation studies investigating the
effect of sex hormones. Mental rotation involves several distinct and
functionally independent subprocesses. For example, to complete the
classical Shepard and Metzler (1971)'s task, which requires participants

to decide if one object is a rotated version of another or it's a mirror
image, subjects must: (i) create mental representation of an object, (ii)
mentally rotate; (iii) compare the two objects; (iv) decide whether the
objects are the same or different; (v) give a motor response (Karádi
et al., 2001). Therefore, the precision of interpreting such results may
be increased by applying of a method which enables to isolate measures
of mental rotation ability (step “ii” above) from the other abilities in-
volved in the task. To achieve this, authors of some previous mental
rotation studies (e.g. Cohen and Kubovy, 1993; Hirschfeld et al., 2013;
Hooven et al., 2004) used a linear regression of the response time (RT)
on the angle of rotation. In such analysis, the slope of the regression
shows the average change in RT per additional degree of rotation, i.e.
represents the rotation process (Hooven et al., 2004). Whereas, the
intercept of the regression indexes show the RT for the 0° orientation,
i.e. point where regression line crosses y axis and represents the effi-
ciency of all other processes used to perform the task (Hirschfeld et al.,
2013; Hooven et al., 2004). The comparison of an individual and group
slope and intercept values should reveal if the differences between
subjects and/or groups are due to the differences in rotation itself or in
other processes related to the task. Based on these measures, the stra-
tegies used to perform the task (rotation in mind vs other (e.g. analy-
tical)) could be inferred.

In this study, we compared mental rotation performance between
women using antiandrogenic OCs with NC women and included a group
of men to control the sex effect. We implemented a 3D mental rotation
paradigm with two sequentially presented figures rotated with respect
to each other (similar to used in Cohen and Kubovy, 1993). To evaluate
the task performance we measured performance accuracy (ACC) and
RT. Afterwards we calculated RT slope and intercept. Our hypothesis
was related to the antiandrogenic properties of hormonal contra-
ceptives. Based on previous knowledge about the effect of sex steroids
on mental rotation performance, we anticipated to confirm previously
discovered negative effect of antiandrogenic OCs on mental rotation
performance (i.e. lower accuracy) and to expand the knowledge about
this effect by assessing parameters related to the different mental ro-
tation subprocesses. Based on these results we expected to reveal
dominating strategies used by distinct participant groups to perform the
task.

2. Methods

2.1. Participants

69 female and 30 male healthy right-handed volunteers with no
history of mental illness or neurological disorders, with normal or
corrected-to-normal vision and body mass index between 18 and 28 kg/
m2 participated in the study. Naturally cycling (NC, n=34) women,
oral contraceptives users (OC, n=35) and men were recruited through
advertisements at the University and on social networks. Only women
with a regular menstrual cycle (ranging from 26 to 34 days) and not
using hormonal contraceptives for at least three months were recruited
for the NC group. NC women participated in experiments in the early
and mid follicular (n=13) and luteal (n=21) phase of their menstrual
cycle as the reference points of low and high 17β-estradiol and pro-
gesterone levels respectively. However, retrospective analysis of sali-
vary 17β-estradiol and progesterone levels for some women did not
correspond to the expected menstrual cycle phase (see Section 3.1.
Hormones in Results for mean values and Table in Supplement B for
individual data). Therefore, for the data analyses, we decided not to
divide NC women into follicular and luteal phase sub-groups, but rather
to evaluate the relationships between the concentrations of sex hor-
mones and performance results. Since the individual performance
characteristics of women whose progesterone level did not correspond
to the expected mid-luteal phase were compatible with other NC
women (all p≥ 0.21), their results were included in further analyses.

OC group consisted of women using antiandrogenic monophasic
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oral contraceptives for at least three months. All OC women partici-
pated in the study in the active phase of OC cycle (from 8th to 21st day
after the start of the current pill package). The details about the ex-
periment day with respect to individual OC cycle, OC brands etc. are
presented in Supplement A. Most OCs users used pills containing similar
dose (30–35 μg) of ethinyl estradiol. The exceptions were two OC
women who used pills containing 1.5 mg of natural 17β-estradiol (as
hemihydrate). The performance data of these two women were eval-
uated separately, but no specific differences were found. Therefore, all
further analyses were performed including data of all OC users. The
number of women in OC group using OCs containing particular active
substances is presented in Table 2.

In addition, with regard to androgenic – antiandrogenic OC usage, it
should be noted that the preliminary aim of the study was to compare
NC women with two groups of OC users. In the initial group were 44 OC
users. Nine of them used androgenic and 35 antiandrogenic OCs.
Aiming to clarify the reasons for such imbalance we consulted a gy-
necologist and read recommendations for the prescription of contra-
ceptive methods to various women (age, health condition etc.). Based
on this information we conclude that, at least in Lithuania, young, non-
smoking, healthy (without endocrine disorders, higher risk of trom-
boembolism etc.) women are most often prescribed newer generation
OCs which are mostly antiandrogenic. This observation corresponds to
finding described by Pletzer and Kershbaum in their review article
(Pletzer and Kerschbaum, 2014). They conducted two studies on the
effects of OCs only about a year and a half apart, the first one in the
middle Europe (Austria; Pletzer et al., 2014a), the second one in the US
(California, Pletzer et al., 2014b). And found that in the Austrian
sample (Pletzer et al., 2014a), the group of OC users consisted pre-
dominantly of women using newer pills containing antiandrogenic
progestins, whereas in the US sample (Pletzer et al., 2014b), all OC
users were on older pills containing androgenic progestins.

The data of two participants were omitted from the analysis because
the average accuracy of mental rotation task performance was lower
than 50% (one NC woman and one man). As a consequence, the final
sample consisted of 33 NC, 35 OC women and 29 men.

There were no statistically significant differences between all groups
with respect to age, years of education, self-assessed spatial and
mathematical abilities (mean values calculated by averaging self eva-
luations of abilities, hobbies and experience), general physical activity
and mood on the day of the experiment (evaluated using PANAS
questionnaire (Watson et al., 1988) (Table 1). Self-assessment, i.e. a
visual analog scale from 1 to 5 points, was used for spatial, mathema-
tical skills and physical activity. The scale was a straight horizontal line
of fixed 100mm length. The ends were defined as the extreme limits of

the parameter measured orientated from the left (worst) to the right
(best). Three scales, asking about abilities, hobbies and experience,
were used for each characteristic. Afterwards, mean values of certain
characteristic were obtained by measuring the distance from the be-
ginning of the line till the subjects mark (mm) by averaging self-eva-
luations of three scales.

The final sample consisted of 48 university students and 49 working
professionals. 7 NC, 24 OC women and 10 men were working or
studying in the area related to law, finances, humanitarian, social sci-
ences etc.; 26 NC, 11 OC women and 19 men were working or studying
in the area related to biomedicine, physical sciences or technologies.
Profession (arts vs sciences) has been shown to have a significant effect
on mental rotation performance (Casey et al., 1995; Hausmann, 2014;
Peters et al., 2006). Our groups were unbalanced with respect to an
area where subjects were working or studying, with more men coming
from technical background while more women - from humanities.
Therefore profession (technical: biomedicine, physical sciences and
technologies vs humanities: law, finances, humanitarian, and social
sciences) was included in the further statistical analyses as a factor.

Bioethical approval was given by the Lithuanian Bioethics
Committee. All participants signed the informed consent to participate
in the study.

2.2. Saliva sampling and hormonal analysis

The levels of endogenous 17β-estradiol and progesterone for NC and
OC women were assessed from saliva samples. Subjects were asked to
avoid eating, drinking (except water), smoking or brushing teeth for at
least 30 min before the experiment. Prior to the saliva sampling pro-
cedure, participants were asked to rinse their mouth with cold water. A
minimum of 1ml of saliva was collected into special tubes (IBL SaliCap,
Germany). All specimens were stored at a temperature of−80 °C before
assayed. Specimens with blood traces (even a slightly reddish color)
were discarded from hormone assessment. The concentration of free
17β-estradiol and progesterone was determined using commercially
available kits for the enzyme immunoassay from human saliva (IBL
International, Germany). Analytical sensitivity for 17β-estradiol was
0.30 pg/ml, for progesterone – 3.8 pg/ml. Intra-assay coefficient of
variability for 17β-estradiol was 9.7%, for progesterone – 6.4%.
Recommended ranges for young healthy women (IBL International,
Germany) were: 17β Estradiol 0.6–6.3 pg/ml; Progesterone 28–446 pg/
ml.

2.3. Mental rotation

The modified Shepard and Metzler paradigm (Shepard and Metzler,
1971) was used. 3D figures (asymmetrical assemblages of ten cubes on
a black background from the “Library of Shepard and Metzler type
Mental rotation stimuli” (Peters and Battista, 2008)) were presented in
a sequential order (Fig. 1). Subjects were instructed to memorize the
first object and, immediately after the appearance of the second object,
to evaluate whether the two figures were identical or mirror images of
each other despite their angular disparity. Increase in RT with in-
creasing angular disparity is a marker of mental rotation proper (Boone
and Hegarty, 2017; Cohen and Kubovy, 1993; Hooven et al., 2004;
Shepard and Metzler, 1971). It has been demonstrated that in succes-
sive presentation paradigm RT slope (the increase of RT with increasing
angular disparity) is less steep than in simultaneous presentation
paradigm, but not flat (e.g. Cohen and Kubovy, 1993). It means that this
paradigm evokes imagining the rotation of an object and therefore is
suitable for mental rotation studies. In our study, the main reason for
using this modified paradigm (i.e. successive instead of parallel stimuli
presentation) was electroencephalogram (EEG) recording while sub-
jects were performing the task. In the classical Shepard and Metzler
paradigm (Shepard and Metzler, 1971) the comparison of two figures
presented simultaneously evokes horizontal eye movement (saccades).

Table 1
Demographic data comparison between groups (t-test).

Naturally
cycling women

Oral
contraceptives
users

Men Comparison

Age, years 23.5 ± 2.9 24.8 ± 2.9 24.5 ± 3.0 ns
Education

duration,
years

15.7 ± 2.1 16.0 ± 2.0 16.2 ± 1.7 ns

Spatiala 3.04 ± 0.83 3.42 ± 0.78 3.26 ± 0.56 ns
Matha 3.25 ± 0.89 3.25 ± 1.05 3.37 ± 0.82 ns
Physical

activity
3.13 ± 0.73 3.34 ± 1.06 3.19 ± 1.06 ns

Positive
affectiveb

31.4 ± 6.1 32.0 ± 6.1 30.3 ± 5.4 ns

Negative
affectiveb

12.0 ± 3.3 12.1 ± 2.8 12.6 ± 3.0 ns

ns – nonsignifficant.
a Mean values got by averaging subjective evaluation of abilities, hobbies and ex-

perience.
b PANAS questionaire.
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The saccades in each trial immediately after the stimulus onset lead to
the corruption of EEG signal by the eye dipole artifact. No artifact
correction technique works perfectly for removing eye movement ar-
tifacts of this magnitude (Luck, 2014) therefore, tasks that induce eye
movements in each trial should be avoided for EEG studies. The EEG
data are currently under analysis and will not be presented in this
paper.

The task included 120 trials: 60 identical and 60 mirrored pairs. Six
angular disparities (25°, 50°, 75°, 100°, 125°, 150°) between the figures
in a pair were used. Trials with identical figures and with different
angular disparities were randomized for each task. Each trial began
with the presentation of a fixation cross for 1000–1500ms. Object 1
appeared immediately thereafter and was present for 2500ms followed
by Object 2 which remained on the screen until the response or for
4000ms in case of no response (Fig. 1). Figures (Object 2 with respect
to Object 1) were rotated clockwise around the vertical axis, therefore
subjects were instructed to perform the rotation in the opposite direc-
tion (counterclockwise) before deciding if two figures match. Partici-
pants were instructed to keep their gaze on the fixation point
throughout the task and to respond with the dominant hand: a green
button for identical and a red for mirror figures. Feedback (a green
cross for a correct and a red cross for an incorrect answer) followed
each trial. The decision to provide feedback was made after the pilot
experiments where two experimental designs (with and without feed-
back) were tested. Participants of the pilot experiments reported that
feedback helped them to keep performance at the higher level. The
performance was evaluated by accuracy (ACC, %) and response time
(RT, ms) for correct trials only. The response time was defined as the
time since the presentation of Object 2 to a button press. In addition,
slope (ms/degree) and intercept (ms) of RT were calculated.

E-Prime 2.0 software and PST Serial Response Box (PST, Inc.) were
used for stimuli presentation and behavioral data collection.

2.4. Design and procedure

Each experimental session included general information ques-
tionnaires, saliva sampling, EEG electrode placement (EEG data are not
presented in this paper), a practice of the mental rotation task (until
subject's accuracy reached 70–75%, with a minimum of 11 trials) and
the main mental rotation task. All experiments were performed in the
afternoon. Testing took place in a soundproof, light-isolated chamber at
a constant temperature (20–22 °C). Participants were seated in a com-
fortable armchair while stimuli were presented in the center of an LCD
monitor placed in 80 cm from the subjects.

2.5. Data analysis

First, to compare performance between OC users, nonusers and
men, we calculated overall accuracy and response time involving only
correct responses to identical objects at each degree of angular dis-
parity. The use of trials with only identical objects and correct re-
sponses is a standard practice in mental rotation studies (e.g. Cohen and
Kubovy, 1993). Then, we computed the steepness of the RT slopes and
the heights of the intercepts. The RT slope is the average change in
rotation time (milliseconds) per additional degree of rotation. There-
fore, the slope indicates the time cost associated with rotating the target
object for one additional degree. The intercept (the predicted RT for the
0° orientation, i.e. point where regression line crosses y axis), in con-
trast, reflects the time required to decide if two identical objects are the
same or different and measures the contribution of all non-rotation
processes (Hooven et al., 2004).

ACC and RT at different angular disparities were analyzed using
ANOVA for repeated measurements (RM-ANOVA) and Tukey test for
post-hoc. Sphericity assumption for repeated measures was checked
with the Mauchly's Test of Sphericity and no violation of the sphericity
was found. Effect size was evaluated by partial eta squared (η2) or
Cohen's d (d) as appropriate.

One way ANOVA was used to evaluate group effect on slopes and
intercepts. Two-tailed t-test was used for comparison of estradiol and
progesterone levels between OC users and nonusers.

Pearson correlation analysis was performed to evaluate relation-
ships between sex steroid levels and the duration of OC usage as well as
sex steroid levels and performance parameters in OC and NC groups. All
aforementioned correlations were based on previous literature; there-
fore p-values of< 0.05 for these relationships were taken as statistically
significant and did not undergo corrections for multiple comparisons.
Bonfferoni correction was applied for the additional relationship cal-
culations (slope and intercept values with sex steroid levels; all per-
formance parameters with progestin and ethinyl estradiol concentration
in OCs).

Statistical analyses were performed with the STATISTICA software
(StatSoft, Inc., USA).

3. Results

3.1. Hormones

Mean progesterone and 17β-estradiol concentrations in NC group
(Table 3) were close to the values expected from the literature (e.g.
Kerschbaum et al., 2017; Merz, 2017). However, the progesterone and
especially 17β-estradiol levels for some OC women were unexpectedly
high (mean values are provided in Table 2, for the individual details see
table in Supplement A). It was previously demonstrated that the level of
endogenous estradiol has a tendency to decrease with longer duration
of OC use (Elliott-Sale et al., 2013). To check this, we evaluated the
relationship between the level of salivary 17β-estradiol and duration of
OC use and, similarly to the previous study, demonstrated a negative
(non-significant) correlation (r(df=33)=−0.31, p=0.07) (for scatter-
plot see Supplement C). There was no relationship between the level of
progesterone and duration of OC use (r=−0.1). Women who have
used the pills for a longer period of time were older than those using the
pill for only a short time (i.e. the usage duration was positively related
to age, r(df=33)= 0.36, p=0.03). Therefore, the relationship between
17β-estradiol, progesterone and age was also evaluated, but no sig-
nificant correlations between age and sex hormone levels were found
(all r < 0.28, p > 0.10).

3.2. Mental rotation

We used RM-ANOVA (6×3×2) to evaluate the effect of angular
disparity (25°, 50°, 75°, 100°, 125° and 150° - repeated measures factor),

Fig. 1. A schematic time course of a single trial in the mental rotation task.
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group (NC vs OC vs men - between subjects factor) and profession
(technical vs humanities) as well as interactions between these factors.

3.2.1. Angular disparity
RM-ANOVA showed a significant main effect of angular disparity on

ACC (F(5, 470)= 21.61, p < 0.0001, η2= 0.19) and RT (F(5,
470)= 39.22, p < 0.0001, η2= 0.29): mean accuracy decreased and
mean response time increased with increasing angular disparity be-
tween figures in a pair.

3.2.2. Group
The effect of group was significant for ACC (F(2, 94)= 11.35,

p < 0.0001, η2= 0.19), but not RT (F(2, 94)= 2.47, p=0.09,
η2= 0.05).

Men on average (81.8 ± 15.1 SD %) performed significantly more
accurately than OC women (68.6 ± 12.3 SD %, p < 0.0001, d=0.96)
and more accurately (not significantly) than NC women (76.3 ± 10.9
SD %), p=0.055, d=0.42). NC women were significantly more ac-
curate than OC women (p < 0.01, d=0.66) (Fig. 2).

The mean RT of OC women (1135 ± 261 SD ms) was significantly
shorter than RT of NC women (1285 ± 335 SD ms, p=0.038,
d= 0.50), however there was no difference in RT between OC women
and men (1254 ± 287 SD ms, p=0.110, d=0.43) and between men
and NC women (p=0.68, d= 0.10) (Fig. 2).

A significant interaction between angular disparity and group was
found for both ACC (F (10, 470)= 4.02, p < 0.0001, η2= 0.08) and
RT (F (10, 470)= 9.00, p < 0.0001, η2= 0.16). Post-hoc analysis re-
vealed that OC women in 25°, 50° and 75° angular disparity conditions
were significantly less accurate than NC women and men (all
p < 0.001), while in 125° condition OC women were significantly less
accurate than men only (p=0.002). Significant difference between
men and NC women was only in 150° angular disparity condition
(p=0.003) where men outperformed NC women. Men and NC women
showed significantly longer response time compared to OC women in
angular disparities ranging from 75° to 150° (all p < 0.01) (Fig. 2).

However, the most important finding is the varying relationship
between angular disparity and performance parameters between
groups. As shown in the Fig. 2, ACC decreased and RT increased with
increasing angular disparity in men and NC women, while both ACC
and RT were almost independent from the angular disparity in OC
group. Longer RTs for greater angular disparities suggest an analog
process of mentally rotating the objects, i.e. the domination of

rotational strategy (Boone and Hegarty, 2017; Hooven et al., 2004;
Shepard and Metzler, 1971). In addition, the possible change of strategy
with changing angular disparity has been noticed in both men and NC
women. A linear increase of RT for lower angular disparities and flat-
tening for larger, suggest that strategies may vary with angular dis-
parity. This effect has been studied extensively and described in detail
in a recent study by Boone and Hegarty (2017).

The relationship between RT and angular disparity is more accu-
rately represented by the slope which is assumed to reflect mental ro-
tation proper. One-way ANOVA was used to evaluate group effect on RT
slope and showed that group was a significant factor (F(2, 94)= 13.8,
p < 0.0001). The distributions of slope values for each group are
presented in a histogram (Fig. 3). Slope values in OC (1.10 ± SD
1.49ms/deg) were significantly smaller than in both NC women
(3.19 ± SD 1.99ms/deg, p < 0.0001, d=1.19) and men (3.50 ± SD
2.56ms/deg, p < 0.0001, d=1.15). There was no significant differ-
ence between slopes in NC women and men (p > 0.56, d= 0.14).

An intercept of RT represents other processes occurring while per-
forming mental rotation task (encoding, responding). These values were
similar between OC (1013 ± SD 236ms), NC (988 ± SD 337ms)
women and men (953 ± SD 257ms). No significant group effect on
intercept was revealed by ANOVA (F (2, 94)= 0.37, p=0.69).

Table 2
The number of women (N) in OC group using OCs containing particular active substances.

Active substance Concentration, μg/μg N

Ethinyl estradiol/drospirenone 30/2000 16
Ethinyl estradiol/drospirenone 30/3000 7
Ethinyl estradiol/chlormadinone acetate 30/2000 5
Ethinyl estradiol/dienogest 30/2000 3
Ethinyl estradiol/cyproterone acetate 35/2000 2
Estradiol/nomegestrol acetate 1500/2500 2

Table 3
Salivary 17β-estradiol and progesterone (mean ± SD, minimal (min) and maximal (max)
values) in NC and OC women.

Naturally cycling
women

Oral contraceptives
users

t-Test results

17β estradiol, pg/
ml

4.12 ± 1.34 5.17 ± 3.4 t=−1.66,
p=0.10,
d= 0.41

min 2.47 min 0.29
max 7.41 max 13.66

Progesterone, pg/
ml

111.3 ± 86.7 51.2 ± 27.8 t=3.90,
p=0.0002,
d= 0.93

min 15.4 min 25.51
max 324.3 max 132.45

Fig. 2. Accuracy and response time with increasing angular disparity in male, naturally
cycling women (NC) and oral contraceptives users (OC). Inserts represent mean values for
each group when all angular disparity conditions are combined. Vertical bars represent
SE. * - p < 0.05, *** - p < 0.001.
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3.2.3. Profession
Another factor that could potentially influence spatial abilities and

therefore the performance of a mental rotation task is the professional
occupation (Hausmann, 2014; Peters et al., 2006). Although subjects
working in technical field were slightly more accurate and slower (ACC
77.4 ± 10.8; RT 1213 ± 323) than subjects from the field of huma-
nities (ACC 75.2 ± 12.8; RT 1163 ± 265), the field of work area as a
factor has no significant effect on ACC (F(1, 94)= 0.09, p=0.76,
η2= 0.01) or RT (F(1, 94)= 1.80, p=0.18, η2= 0.02). There was no
significant interaction between profession and group (all p > 0.13) or
profession and angular disparity (all p > 0.16) for both ACC and RT.
An absence of significant profession effect on performance appears to
contradict previous findings showing significantly better mental rota-
tion performance in subjects from science vs arts (Hausmann, 2014;
Peters et al., 2006). However, it should be noted that the largest effect
of profession or study program on mental rotation has been demon-
strated when subjects were specifically selected based on their visuo-
spatial or mathematical ability (Hausmann, 2014; Hoppe et al., 2012).
Whereas when subjects performance was simply compared between
different study programs the effect of study program, in the most cases,
was still significant but much lower than sex effect (Peters et al., 2006).

3.2.4. Feedback and practice
Giving feedback during task performance is not common for mental

rotation studies, therefore, we evaluated whether receiving the feed-
back altered the performance. It might be that groups adapted their

mental rotation strategies differently as a consequence of receiving
feedback. Therefore, an additional analysis has been performed aiming
to evaluate the possible effect of feedback on performance in each
group. For this, the whole block of 120 trials was divided into two parts
of 60 trials in each. At first, RM-ANOVA (6×3×2) was used to
evaluate the effect of angular disparity (25°, 50°, 75°, 100°, 125° and
150° - repeated measures factor), group (NC vs OC vs men - between
subjects factor) and block (first vs second) as well as interactions be-
tween these factors on main performance parameters – ACC and RT.
Block has no significant effect on ACC (F(1, 186)= 0.96, p=0.33,
η2= 0.01) or RT (F(1, 186)= 0.43, p=0.51, η2= 0.002). And there
were no significant interactions between block and group or angular
disparity. Next, two-ways ANOVA (3×2) was used to evaluate the
effect of group (NC vs OC vs men - between subjects factor) and block
(first vs second) as well as interactions between them on the slope and
intercept. The block has no significant effect on the slope ((F(1,
188)= 1.84, p=0.18, η2= 0.01) and intercept ((F(1, 188)= 3.02,
p=0.08, η2= 0.02) and there were no significant interactions between
block and group. Therefore, we suggest that the hormone effect on
mental rotation performance is probably unrelated to feedback and
practice effects.

3.3. Sex steroids and mental rotation performance

A negative relationship between 17β-estradiol level and perfor-
mance accuracy (Hampson et al., 2014) as well as an increase in re-
sponse time with increasing progesterone level (Courvoisier et al.,
2013; Noreika et al., 2014) were previously demonstrated in the lit-
erature. To evaluate the relationships between sex steroids and per-
formance parameters we calculated Pearson correlations in NC and OC
groups separately. In line with previous literature, we found a negative
correlation between 17β-estradiol level and mean performance accu-
racy (r(df=31)=−0.36, p=0.04) and positive correlation between
progesterone level and mean response time (r(df=31)= 0.35, p=0.04)
in NC (Fig. 4). However, there was no significant relationship between
accuracy or response time with 17β-estradiol or progesterone in OC
users (all r < 0.29, p > 0.09). In addition, we checked correlations of
(i) sex steroid levels with slope and intercept; (ii) 17β-estradiol with
response time; (iii) progesterone with accuracy. No significant re-
lationships were found when correlations within groups were eval-
uated.

4. Discussion

The present study supports earlier findings on the negative effect of
antiandrogenic contraceptives on mental rotation performance

Fig. 3. The histogram (with a normal distribution fit) of slope values distributions in
naturally cycling women (NC), oral contraceptives users (OC) and male.

Fig. 4. A: The relationship between salivary 17β-estradiol and performance accuracy. B: salivary progesterone and response time in naturally cycling women.
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(Griksiene and Ruksenas, 2011; Wharton et al., 2008) and expands the
knowledge about this effect. The main results of the study lead to the
proposal that poorer performance of OC users may be related to the
strategy that they used to perform the mental rotation task.

In general, the comparison of mean ACC and RT values showed that:
i) OC users were significantly less accurate but faster than NC women
and men; ii) in line with some previous studies which used classical
mental rotation tasks (Boone and Hegarty, 2017; Carrillo et al., 2010;
Desrocher et al., 1995; Neubauer et al., 2010), there was no difference
in RT between men and NC women; iii) men, as it was expected based
on many previous studies (e.g. Jansen and Heil, 2010; Lippa et al.,
2010; Schöning et al., 2007), performed more accurately than NC
women. While the difference of mean accuracy between men and NC
women was not significant (p=0.06, 5.5%), the effect size of sex dif-
ference (d=0.42) was on par with that found using classical Shepard
and Metzler paradigm (d= 0.48) (Voyer et al., 2006). Furthermore, in
line with previous finding (Boone and Hegarty, 2017), the ACC differ-
ence between men and NC women increased with increasing angular
disparity. In 150° condition men outperformed NC women significantly
by 13.2% (p=0.003); iv) The relationships between sex steroid levels
and performance of NC women endorsed previous results demon-
strating an increase in response time with increasing progesterone
(Courvoisier et al., 2013; Noreika et al., 2014) and a negative effect of
estradiol on performance accuracy (Hampson et al., 2014; Schöning
et al., 2007).

The evaluation and comparison of ACC and RT values with respect
to angular disparity revealed essential differences between OC users
and other two groups. It was previously suggested that only high po-
sitive RT slopes represent strategy involving an imagined reorientation
of the form, i.e. rotation in mind (Cohen and Kubovy, 1993). Based on
the finding that RT and ACC values were almost unrelated to angular
disparity in OC users, we suggest that they did not perform the rotation
in mind and instead tried to implement some alternative strategy or a
mixture of them. Since the intercepts between groups in this study were
similar, we suggest that the reason for the distinct performance was
related to the presence of the imagining of rotation or lack of it.

It has been shown previously that rotation in mind is not the only
way to discover correct answers in such tasks. For example, in the study
where subjects were asked to report the strategies they used to solve
Vandenberg and Kuse (Vandenberg and Kuse, 1978) mental rotation
test, multiple strategies have been typically reported (Hegarty, 2010).
Although imagining the rotation of an object was reported by most
subjects, a variety of analytical strategies (e.g. analysis of the relative
directions of the different segments or counting the number of cubes in
the segments) have been used in parallel with it.

In addition, the subjects ability to change the strategy with changing
angular disparity has been demonstrated recently by Boone and
Hegarty (2017). The results of that study revealed a steep increase of RT
in lower angular disparities and the shallow slopes in angular dis-
parities above 90° for both sexes. This interesting finding, i.e. the pos-
sible use of different strategies for low (steep slopes) vs high (flat
slopes) angular disparities, has been also noticed in men and NC women
groups of our study. Boone and Hegarty (2017) therefore propose that
subjects may adjust their strategies based on relative efficiency and ease
of different strategies. They also suggest that rotation may be the most
efficient and successful strategy for smaller angles whereas other stra-
tegies may be less effortful for larger angles. Therefore, we can spec-
ulate that fast and accurate performance in men and NC women groups
in lower angular disparities in our study was related to the usage of a
rotational strategy. However, starting from the 100°, when accuracy for
both men and NC women began to decrease, decline was faster for NC
women compared to men. One possible explanation for this is that NC
women might be less successful in noticing and adopting alternative
strategies for trials with higher angular disparities (Boone and Hegarty,
2017). Furthermore, inability to adjust rotational strategy but a suc-
cessful application of non-rotational strategy might explain differences

in accuracy between OC users and other groups. It is likely that they
attempted to use some kind of analytical strategy which was not the
most efficient for low angular disparities but allowed to keep accuracy
in similar level for all conditions. The absence of a relationship between
RT and angular disparity in OC users could also be related to the usage
of analytical strategy.

To the best of our knowledge, this is the first study showing that OC
users and nonusers may employ different strategies to perform the
mental rotation task. Given the demonstrated differences the altered
balance of sex steroids seems to be the most possible explanation.
Hormonal contraception decreases the ovarian function through the
inhibition of the hypothalamo-pituitary axis (D'Arpe et al., 2016; Egan
and Gleason, 2012). Therefore, the assumption that the levels of en-
dogenous sex hormones are low and stable in OC users is broadly ac-
cepted (Egan and Gleason, 2012; Karim et al., 2016). Though, our
current analysis of the salivary sex steroids revealed a more compli-
cated picture. The concentrations of progesterone and 17β-estradiol
were scattered much more than we expected in OC users. Moreover, the
level of 17β-estradiol, in line with previous finding (Elliott-Sale et al.,
2013), correlated negatively with OC use duration and, in some cases,
was even higher than in naturally cycling women. Similar concentra-
tions of estradiol and/or progesterone in OC users were demonstrated
in other recent studies (Brötzner et al., 2014; Kerschbaum et al., 2017;
Merz, 2017; Petersen et al., 2015). However, at this point it is important
to stress, that high concentration of sex steroids may be related to some
technical issues rather than being purely physiological. Firstly, we
cannot reject a possibility of cross-reactivity of the antibodies used in
assays with compounds of OCs (ethinyl estradiol and progestins). Un-
fortunately, the manufacturer (IBL International) did not present in-
formation addressing such cross-reactivity for the assay's which we
have used. Secondly, we cannot prove that there were no missed pill
cases between OC users. Studies evaluating effect of a missing dose of
OC showed higher concentrations of hormones and even an increase of
follicles diameters which depend on the free-pill periods and contra-
ceptive regiments (for review see D'Arpe et al., 2016). In addition, it is
important to emphasize that very few studies which investigated
women using hormonal contraceptives present the whole view of hor-
monal results. The mean values with standard deviations or standard
errors do not disclose complete variability. Whereas, the results from
studies which used ultrasound scans and endocrine markers enabling to
examine ovarian function directly, indicate that follicular development
continues during the treatment with at least some hormonal contra-
ceptives (reviewed in D'Arpe et al., 2016) and support the possibility
that variations in sex steroids levels in OC users may be expected.
Consequently, the unbalanced level of endogenous sex steroids as well
as an action of synthetic analogs may influence the altered performance
of OC users.

Data from the event-related potentials studies based on the aspects
of waveforms suggest four cognitive stages of mental rotation: i) sen-
sory processing and simply stimulus evaluation; ii) evaluation of com-
plex aspects of the stimulus and strategy selection; iii) rotation, and iv)
decision (Desrocher et al., 1995). Given that strategy selection appears
earlier than rotation, we suggest that differences demonstrated in our
study might be more related to the brain areas and functions associated
with stimulus evaluation, strategy selection but not necessarily to the
mental rotation itself. Based on analysis of ERP amplitudes it has been
suggested that the first two components of mental rotation process in-
volve activation of frontal areas, while the last two involve centro-
parietal areas (Desrocher et al., 1995; Schendan and Lucia, 2009).

One of the phenomena important for the strategy selection is the
global/local information processing style. Enhanced global advantage
previously was demonstrated in OC users who used androgenic oral
contraceptives (Pletzer et al., 2014b). We suggest that antiandrogenic
OC users were oriented toward local aspects of the stimulus and tended
to use common decomposition strategies. Prefrontal cortex and hippo-
campus are the brain areas closely related to the spatial strategy and
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decision making (Dahmani and Bohbot, 2015; Hamson et al., 2016; Yu
and Frank, 2015) and both have high concentration of estrogens and
progesterone receptors (for a review see Hamson et al., 2016). Animal
studies confirmed that fluctuations in ovarian hormones modulate the
functions of hippocampus and prefrontal cortex and induce shifts in
spatial strategy selection on tasks that require the involvement of these
brain areas. Moreover, there is evidence that the performance of such
tasks is impaired both when estradiol levels are too high or too low (for
a review see Hamson et al., 2016). However, according to meta-analysis
of mental rotation neuroimaging studies (Zacks, 2008), the posterior
parietal cortex is the core region for transformation-specific computa-
tions required to carry out mental rotation tasks. Therefore, the lack of
rotational strategy in OC users can be a consequence of altered acti-
vation in parietal cortex. It is possible that direct effect of androgens is
somehow related to the activity of parietal cortex during mental rota-
tion. Mental rotation neuroimaging studies demonstrated greater neural
activation in the parietal lobes in men than in women (Hoppe et al.,
2012; Schöning et al., 2007; Weis et al., 2008). The suppression of
parietal cortex activity during mental rotation has been demonstrated
in individuals with androgen insensitivity syndrome (van Hemmen
et al., 2016). Moreover, in male-to-female transsexuals, treated with
ethinyl estradiol and antiandrogen cyproterone acetate, activation in
the superior parietal lobe during mental rotation task was lower than in
control males (Carrillo et al., 2010). Based on that, we suggest that the
external factors, such as hormonal contraceptives, which disturb the
natural balance of ovarian hormones and add an additional effect of
synthetic steroids, may significantly alter the visuospatial performance
which depends on brain areas sensitive to the effect of sex steroids.
Therefore, in the future studies brain activity should be analyzed to-
gether with performance to better understand what happens when
natural fluctuations of sex steroids are modulated by synthetic analogs.

The main limitations of this study are related to the study design
and the lack of some objective evaluation. Firstly, the mental rotation
task, used in current study differed from many mental rotation tasks
used previously to study sex differences and the effects of sex steroids.
Namely, we used sequential stimulus presentation and gave feedback to
subjects after each trial. To reduce this shortcoming we included a
group of men to control the sex effect before comparison performance
of NC and OC women. Next, since assignment of women to different
groups was not randomized, i.e. the groups were formed based on ex-
isting OC use, the preexisting differences in intelligence or some specific
abilities prior to the OC use cannot be excluded. The most critical of
those may be the spatial working memory, which is required for solving
a mental rotation task (Kaufman, 2007). Unfortunately, we did not
include working memory task into our experiment. However there are
previous results showing that differences in mental rotation and
working memory can exist independently. For example, Kaufman
(2007) investigated, whether spatial working memory capacity is the
driving force determining sex differences in mental rotation and con-
cluded that the effect of sex on the 3D rotation ability was not mediated
by spatial working memory. Riečanský et al. (2013) also assessed the
effects of visual-short term memory retention on the context of event
related potentials and demonstrated that visual image retention does
not contribute to their modulation.

An additional limitation of the present study is the lack of the tes-
tosterone measurement. While we intended to assay testosterone levels,
it was impossible due to technical issues. The knowledge about the level
of testosterone in OC users is not unequivocal with studies showing
both decreased (Mordecai et al., 2008) and similar (Islam et al., 2008)
testosterone concentrations between OC users and nonusers. Therefore,
measurement of this hormone in our subjects would undoubtedly
strengthen the interpretation of the study results by ruling out the
possibility that decreased circulating testosterone caused by OC use,
rather than the antiandrogenic nature of the progestins, explains the
poorer mental rotation performance observed among the OC users.

5. Conclusions

In this study we highlight the importance of the effect that hor-
monal contraceptives exert on cognition. Based on the lower slope and
no differences in intercept values (parameters relating RT to angular
disparity and reflecting rotation vs other processes used to perform
mental rotation task respectively) in OC users as compared to men and
naturally cycling women, we conclude that instead of using rotation in
mind strategy OC users may implement some alternative method(s) of
performing the task. Furthermore, the strategy implemented by OC
users was less efficient as they performed less accurately than NC
women and men. In addition, we demonstrated that the level of sex
steroids, especially 17β-estradiol, was still high in some OC users and
negatively correlated (17β-estradiol) with the duration of OC usage.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.yhbeh.2018.03.004.
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