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Evidence suggests that females experience adaptive shifts
in facial preferences across the menstrual cycle. However,
recent discussions and meta-analyses suggest that these
findings are equivocal. A previously unexplored question
is the extent to which shifts in female preferences are
modulated by hormone-dependent changes occurring in low-
level vision, such as visual sensitivity. This mechanistic
approach has been a novel method for investigating the
extent to which complex perceptual phenomena are driven
by low-level versus higher-level perceptual processes. We
investigated whether the contrast sensitivity function—an
early dimension of vision—is also influenced by variation
in female reproductive hormones. Visual contrast thresholds
were measured for 1, 4 and 16 cycles/degree gratings during
the ovulatory, luteal and menstrual phases of the menstrual
cycle in naturally cycling women, and women using oral
contraceptives. Male participants were tested at similar time
intervals. Results showed that visual contrast sensitivity does
not differ according to sex, or use of oral contraception, nor
does it vary relative to hormonal shifts across the menstrual
cycle. These findings suggest that shifts in female preferences
are not driven by changes in visual sensitivity, and are therefore
likely attributable to changes in higher-level perception or
cognition.

1. Introduction
The cycle shift hypothesis [1] suggests that certain aspects
of females’ sexual preferences, including judgements of facial
attractiveness, are not fixed, but vary with fluctuations in
oestrogen that occur across the menstrual cycle. Oestrogen and
conception probability climb from day 8 of the cycle towards peak
fertility on day 14, declining markedly afterward [2,3]. This fertile
period is associated with a shift of females’ preferences towards
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prospective mates with presumed physical indicators of ‘good genes’; traits that are adaptive for
offspring to inherit. During the fertile period, women display greater interest in symmetrical male faces—
a physical feature that is thought to be a cue to developmental health [4]—particularly when rating these
faces for their attractiveness as short-term sexual partners [5]. Fertile women’s preferences also extend to
physical cues that signify immunocompetence [6,7], including preferences for faces of males with higher
levels of testosterone [8], darker facial skin tone [9] and synthetically exaggerated facial masculinity [10].

These preferences are more evident in the period of highest fertility, during the days preceding
ovulation [11,12]. In the days following ovulation, progesterone levels rise and preferences reorient
towards cues suggestive of males’ capacity for parental investment [13]. Fertility-dependent shifts in
preferences for distinct facial cues of health and sex-typicality are thought to maximize females’ chances
of producing healthy and reproductively successful offspring. This notion is rooted in the idea that
females face particular evolutionary pressures that make choosing the optimal partner to provide the
other half of her offspring’s genes a formidable task (see review by Kokko et al. [14]). Cyclic shifts in
visual preferences are therefore thought to guide females’ mating efforts towards partners who are most
likely to instil their offspring with good genes, or provide qualities of parental investment [15].

A notable limitation of the cycle shift hypothesis is the variability in findings for a relationship
between female fertility and perceived attractiveness when making mate preferences. This has been
discussed at length across several meta-analyses, creating two polarized bodies of research that fervently
support or reject the validity of the cycle shift hypothesis [16–20]. This controversy has tended to focus
on the way in which the timing of the menstrual cycle is established and the role of moderating factors,
such as whether attractiveness is judged in the context of a short-term or long-term relationship.

There has also been an emphasis on the effects on judgements of attractiveness, which depend on
complex, semantically meaningful visual information. While there has been relatively little research
into menstrual cycle effects on low-level visual processing [21], there is some evidence for changes in
sensitivity across the cycle. Wong & Tong [22] used a two-flash threshold, which is a measure of the
minimum temporal separation at which two flashed stimuli can be distinguished from a single target.
In naturally cycling women, they found lower thresholds around, and just before, ovulation, which they
interpreted as a result of increased arousal and cortical activity at this time. No menstrual cycle effect was
found for women using hormonal contraceptives [22]. Maguire & Byth [23] measured the McCullough
effect, an orientation-contingent colour aftereffect, and found a greater effect pre-menstrually, again only
for naturally cycling women. This was taken as evidence that the size of the effect is inversely related to
cholinergic activity [23]. Parlee [24] reviewed a range of studies of visual sensitivity across the menstrual
cycle [24] (DeMarchi & Tong [25], Diamond et al. [26], Ward et al. [27], Barris et al. [28], Scher et al. [29]).
The consensus of these studies is that simple visual sensitivity tends to increase around ovulation. Epting
& Overaman [30] assessed the effect of the menstrual cycle on a range of cognitive and motor skills tasks.
Some of these tasks (mental rotation, rod and frame and water level tasks) tend to be performed better
by men, while others (finger tap and spatial array tasks, and the Purdue pegboard) tend to be performed
better by women. They found no effects of menstrual cycle on performance of any of these tasks [30].
Johnson & Petersik [31] measured contrast sensitivity for static and drifting (5 Hz) gratings at three
spatial frequencies (2, 4 and 16 cycles/degree (cpd)). They found that, for normally cycling women,
contrast sensitivity tended to increase at the postovulatory phase of the cycle, and that this effect was
strongest for static 4 cpd stimuli [31].

These results are generally consistent with Kopell’s [32] proposal that ovulation may be accompanied
by a global peak in visual arousal. However, the findings from these studies are equivocal due to
methodological inconsistencies. These include test sessions that occur during a single phase of the
menstrual cycle, measurements that take place during days that do not correspond to the period of
highest fertility, and non-stringent inclusion of control groups, such that there is little consistency in
the kinds of hormonal contraceptives used, or a lack of a non-ovulating control group altogether. This
may be because such psychophysical studies are seldom concerned with the evolutionary relevance of
the menstrual cycle effects, and so are therefore less likely to adopt methodological techniques used in
studies from evolutionary psychology. If it is the case that visual perception in women is affected by
fertility status, then menstrual cycle phase may be an important factor to consider during interpretation
of results. To date, Johnson & Petersik [31] provide the most detailed measure of contrast sensitivity,
where visual contrast thresholds were measured across consecutive days during a single cycle. However,
this was a preliminary study of four participants, and did not include a reliable comparison of women
using oral contraceptives that are known to inhibit naturally occurring ovulation. Additionally, average
contrast thresholds were calculated for the days of the cycle on which testing did not take place. As
female reproductive hormones change on a daily basis across the cycle, replacing actual measurements
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with calculated averages may mean that hormone-related changes in contrast sensitivity were not
accurately recorded.

Given the controversy of results on the cycle shift hypothesis, and the focus on complex, socially
significant judgements, it is important to also consider the extent to which low-level visual sensitivity
might also vary across the menstrual cycle. Not only is this an important question in its own right,
but such changes in sensitivity might also contribute to variation in higher-level judgements, thus
providing a potential mechanism for these effects. One possibility is that the low-level processing
of visual attributes is unchanged, and that the cycle shift represents a change in the way in which
higher-level factors, such as averageness, symmetry and sexual dimorphism, are weighed in establishing
attractiveness. As an alternative, variations in low-level visual processing across the cycle could influence
attractiveness judgements by changing the information available to these higher-level mechanisms.
Incorporating the influence of such low-level visual mechanisms on apparently high-level perceptual
phenomena has recently enhanced understanding of the visual mechanisms underlying the threat bias
in the perception of facial expressions [33].

The present experiment explored the possibility that contrast sensitivity might vary across the
menstrual cycle, and that this might contribute to cycle shifts in visual mate preferences. It is possible
that changes in visual sensitivity at this level could directly affect the way in which attractiveness
judgements are made. The contrast sensitivity function describes the relative sensitivity of the visual
system to information at different scales and orientations [34], and influences the relative salience of the
information available for judgements of attractiveness. These judgements can be made successfully with
relatively low spatial frequency information, below 7 cpd [35,36]. Judgements of facial symmetry differ
from low-level symmetry judgements, in that they depend on the spatial scale of information, being
particularly associated with medium and high spatial frequencies [37]. This means, for example, that a
shift in the contrast sensitivity function could alter the salience of facial symmetry information. In turn,
this could influence how attractiveness is judged. Research also suggests that contrast sensitivity may be
influenced by activity in the GABAergic system; an effect that is strongly associated with menstrual cycle
phase and use of hormonal contraception [38–40]. If it is the case that cyclic changes in the GABAergic
system affect contrast sensitivity, then we may expect to observe changes in contrast sensitivity across
the menstrual cycle. Together, these findings demonstrate the way in which aspects of higher-level
perceptual behaviours, such as judgements of attractiveness, are influenced by low-level visual processes
and basic image properties associated with distinct facial features. However, in contrast, studies of the
cycle shift hypothesis have not established the proximal causes of the effect, and whether these occur at
a low or high level of visual processing.

The purpose of this current study was therefore to provide an extensive measure of contrast sensitivity
across the menstrual cycle in naturally ovulating women, users of combined oral contraceptives, and
men. Separate participant groups were selected in order to investigate sex differences in contrast
sensitivity between men and women, and to establish whether potential cycle effects are confined only to
female participants experiencing naturally occurring ovulation. Of multiple candidate measures, visual
contrast sensitivity was selected because it is well recognized as a dimension of early visual processing
and a reliable measure of visual sensitivity that may directly influence the information available for
judgements of attractiveness [35–37,41,42]. If fertile women experience enhanced interest in particular
facial cues, it may be that this effect is modulated by a mid-cycle peak in contrast sensitivity.

2. Materials and methods
2.1. Participants
Forty-nine participants took part in the experiment. Twenty-one of these were naturally cycling women
who were not using any hormonal oral contraceptives (mean age: 21.6 years, s.d. 3.8). Fourteen were
women using combined oral contraceptives at the time of testing (mean age: 20 years, s.d. 1.3). For
these participants, artificial levels of both oestrogen and progesterone inhibited naturally occurring
ovulation. Brands of combined oral contraception included Yasmin, Rigevidon, Loette 28, Marvelon,
Yaz and Microgynon. Fourteen participants were male (mean age: 21.5 years, s.d. 4.3). All participants
were recruited on a voluntary basis, taking part in exchange for either monetary reward or to acquire
credits for an undergraduate research module.

Female participants met a stringent set of eligibility criteria. Eligibility was established via an
online pre-screening questionnaire to ensure participants experienced predictable and regular cycles
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Figure 1. Examples of Gabor gratings representing low (1 cpd), mid-range spatial frequencies (4 cpd), at the two orientations used.

constituting of no more than 35 days, and no breastfeeding or use of emergency contraception or
hormonal contraceptives 3 months prior to testing. Participants using combined oral contraceptives were
required to meet the same criteria regarding cycle length.

No participants reported using medications that were considered to influence visual sensitivity. All
participants had normal or corrected-to-normal vision.

2.2. Stimuli and apparatus
Stimuli were sinusoidal Gabor patches with a spatial frequency of 1, 4, or 16 cpd. The standard deviation
of the Gabors was 4.8 times the wavelength of the sinusoid. This meant that the size of the stimuli
decreased with spatial frequency, but ensured that the number of grating cycles was constant. The
orientation of the sinusoid on each trial was ±45° away from vertical, either clockwise or anticlockwise.
Six Michelson contrast levels were used, each presented 40 times in a randomized order. Michelson
contrast refers to the lightest (LMAX) and darkest (LMIN) points in an image, where these are standardized
on a 0–100% scale

CMichelson = 100 ·
(

LMAX − LMIN

LMAX + LMIN

)
%.

For 1 cpd gratings, the Michelson contrast levels used were 0.1, 0.2, 0.3, 0.4, 0.5 and 0.75%. For 4 cpd
gratings, the contrast levels used were 0.1, 0.15, 0.2, 0.3, 0.4 and 0.5%. For 16 cpd gratings, the contrast
levels used were 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0%. These contrasts were selected after extensive pilot
measures, run in order to establish the appropriate contrast variations for each spatial frequency.
Examples of these stimuli are shown in figure 1. Stimuli were generated and presented using Matlab
and the Psychophysics Tool box extensions [43–45].

Stimuli were presented using a VIEWPIXX 3D monitor (52 cm × 29 cm), viewed from a distance
of 65 cm. The screen resolution was 1920 × 1080 pixels, with a refresh rate of 120 Hz and an average
luminance of 50 cd m−2. Each pixel subtended 1.43 arc min. Stimuli were presented at 10 bit resolution.
Participants’ responses were recorded using the RESPONSEPixx response box.

2.3. Procedure
Participants were tested individually in a quiet room and informed of the nature of the study. All
participants completed three experimental test sessions across a single cycle, scheduled to correspond
to three critical phases of their menstrual cycles. This included the early follicular phase (or menses)
occurring between days 1 and 7; the ovulatory phase, occurring between days 11 and 14; and the
luteal phase, occurring between days 17 and 28. Test sessions for male participants were spaced one
week apart to reflect similar time intervals. Cycle position was estimated using the backwards-counting
[17,46] method to calculate the ‘fertile window’ for each participant. This methodological procedure
was adopted for its reported reliability for approximately calculating high fertility days of the cycle
[17]. Using the date of females’ previous and next expected menstrual onset, the ovulatory phase—
also the first test session—was calculated to take place during days 11–14 of the cycle. Following this,
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female participants were recorded 7–10 days later during their estimated luteal phase, followed by
the final phase that was calculated to take place during the menstrual phase of their menstrual cycle.
During the final test session, female participants verbally confirmed menstrual onset. Given that the
pre-screen questionnaire ensured that participating women experienced cycles of no more than 35 days,
confirmation of menstrual onset suggested that calculations of the fertile period two to three weeks prior
were accurate. Male participants were tested during similar time intervals.

During each of the 3 sessions, 3 blocks of 240 trials were presented to participants. For each trial,
a fixation cross was presented for 250 ms, followed by the stimulus for 500 ms. Participants used the
left or right button to indicate whether the Gabor stimulus was tilted leftwards or rightwards from
vertical. After responding, a fixation cross appeared before the onset of the next trial. The trials for
each spatial frequency were presented in three separate blocks; the order in which these were presented
was randomized across participants. Within a block, each contrast level was presented 40 times, in a
randomized order. Experiments were performed in a dimly lit laboratory.

During each testing session, stimuli of a single spatial frequency were presented at six contrast levels.
Each contrast level was presented 40 times. We recorded the proportion of times that the participant
correctly reported the orientation of the stimulus for each level. This was used to create a psychometric
function. A cumulative Gaussian function was fit to these data and was used to determine a contrast
detection threshold. This was defined as the contrast required for the participant to correctly identify the
orientation of the stimulus on 75% of trials.

3. Results
A 3 (participant group) × 3 (frequency) × 3 (test session) mixed ANOVA was used to analyse the data.
Findings showed that visual contrast thresholds varied with spatial frequency (F2,92 = 58.28, p < 0.001,
η2

p = 0.55), where visual thresholds were lower for low-frequency gratings. T-tests revealed that contrast
thresholds were lower for 1 cpd (mean threshold 16%, s.d. < 0.001) and 4 cpd gratings (mean threshold
23%, s.d. 0.001, t146 = −6.38, p < 0.001) than for 16 cpd gratings. This is shown in figure 2a–c. These
findings show that contrast sensitivity decreases with increasing spatial frequency. This is consistent
with the previous literature [21], where under normal photopic conditions less contrast is required to
identify lower frequency stimuli within the range used here. It is also important to note, because contrast
sensitivity is known to vary as a function of observer age [47] that participant age data were not subjected
to statistical analyses on the basis that the age range of participants (female age range: 18–26, male age
range: 18–35) did not fall within an age group where contrast sensitivity is expected to decline.

In terms of gender differences and cycle-shift effects, no significant effect of participant group was
found (F2,46 = 0.261, p = 0.771, η2

p = 0.01). This shows that visual contrast thresholds do not differ between
men and women, and that naturally occurring ovulation is not associated with visual sensitivity that
is higher than that of users of combined oral contraception, whose visual sensitivity is thought to be
inhibited by synthetic reproductive hormones [28].

A significant effect of test session (F2,92 = 4.94, p = 0.009, η2
p = 0.09) showed differences in contrast

thresholds across the three experimental sessions. Figure 2 shows this effect of improvement by a gradual
decrease in visual contrast thresholds across experimental sessions.

To ensure that hormone-related differences in contrast thresholds across the three test sessions were
not masked by practice effects, three additional two-way between-participants ANOVAs were performed
for each test session. The first two-way ANOVA took data from the ovulatory phase, at session 1. The
effect of frequency was maintained (F2,4 = 55.61, p < 0.001, η2

p = 0.54). No effect of group (F2,46 = 0.34,
p = 0.71, η2

p = 0.01) or group by frequency interaction (F4,92 = 0.37, p = 0.746, η2
p = 0.01) was observed.

The second two-way ANOVA took data from the luteal phase, at session 2. The effect of frequency was
maintained (F2,4 = 47.9, p < 0.001, η2

p = 0.51), and no significant effect of group (F2,46 = 0.29, p = 0.746,
η2

p = 0.01) or group by frequency interaction (F4,92 = 0.24, p = 0.91, η2
p = 0.01) was found. Finally, the

third two-way ANOVA took data from the menstrual phase, at session 3. The effect of frequency was
maintained (F2,4 = 52.54, p < 0.001, η2

p = 0.53), and no significant effect of group (F2,46 = 0.20, p = 0.818,
η2

p = 0.00) or group by frequency interaction (F4,92 = 0.20, p = 0.939, η2
p = 0.00) was found.

Together, these results demonstrate internal reliability in showing that they accurately measure
the contrast sensitivity function [34]. However, no sex differences in visual contrast thresholds were
identified for male and female participants. Additionally, no effect of changing oestrogen levels was
identified; naturally cycling women do not experience a mid-cycle peak in contrast sensitivity, nor is this
effect inhibited in those using combined oral contraceptives. Based on the measured standard deviations,
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Figure 2. (a) Contrast thresholds for low (1 cpd) gratings, at each of the three test sessions. No significant group differences were found.
(b) Data for mid-range (4 cpd) gratings. No significant group differences were observed, showing that contrast sensitivity does not vary
according to between participant sex, or between naturally cycling women and users of oral contraceptives. (c) Data for high (16 cpd)
stimuli, where again no significant differences between participant groups were observed.

improvements in contrast sensitivity of around 10% (1 cpd), 25% (4 cpd) or 55% (16 cpd) would have
been detectable with 80% power for the normally cycling group. These compare with the practice effects
observed for this group of 2% (1 cpd), 23% (4 cpd) and 29% (16 cpd).

4. Discussion
The purpose of the present experiment was to investigate the extent to which cycle shifts in females’
facial preferences might be underpinned by low-level factors of early visual processing. We considered
whether the enhanced preference for certain facial characteristics reported during mid-cycle occurs as a
result of hormone-related changes in visual sensitivity across the menstrual cycle. Contrast sensitivity
was measured across the menstrual cycles of naturally ovulating women and women whose ovulation
had been artificially inhibited by hormonal contraceptives. Test sessions took place over a single
cycle, on three separate occasions corresponding to the ovulatory, luteal and menstrual phases of the
menstrual cycle, and similar time intervals for male participants. Results were consistent with existing
psychophysical literature, showing the typical contrast sensitivity function and a degree of perceptual
learning had been accurately recorded [34,48]. Previous studies have suggested that there might be sex
differences in contrast sensitivity [49,50]. However, the present study provided an extensive measure of
contrast sensitivity between men and women, and found no evidence for such an effect; visual contrast
thresholds do not differ according to participants’ sex. Importantly, no variability in contrast thresholds
was identified across the menstrual cycles of naturally ovulating women compared to those whose
ovulation had been inhibited through the use of hormonal contraceptives.

Many recent discussions of the cycle shift hypothesis have focused primarily on the variability and
reliability of findings. These discussions have taken place across several meta-analyses that extensively
argue opposing positions on the matter. However, missing from the debate is the way in which cycle
effects might be understood in terms of their underlying mechanisms. The importance of understanding
a phenomenon’s mechanisms of control is a well-recognized tenet of evolutionary psychology [51].
This method has, for example, recently been used to provide a tractable understanding of the way in
which high-level perceptual processing, such as the threat bias in face perception, is driven by low-level
processes occurring in early vision [33]. Results from the present study provide an extensive measure of
the relationship between female reproductive hormones and contrast sensitivity, and suggest that cycle
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changes in female preferences are unlikely to occur as a result of hormonally driven changes operating
in this aspect of early visual processing. These findings have novel relevance in progressing the current
understanding of the relationship between female visual perception and reproductive hormones. The
finding that female fertility is not associated with visual sensitivity suggests that variation in female
preferences likely occurs not because of changes in contrast sensitivity. It remains possible that other
aspects of low-level vision, for example sensitivity to symmetry, might be modulated by variations
in reproductive hormones, and therefore contribute to changes in visual preferences. Alternatively,
changes in preferences might relate to higher-level perception. This latter possibility is consistent
with the arguments from previous studies, suggesting that an element of context-dependent factors,
such as relationship status, plays an important role during mate selection [13]. This indicates that the
mechanisms of control may be operating in areas involved in cognitive appraisal and decision-making.
Until recently, this has been an understudied topic within discussions from both the psychophysical and
evolutionary psychology literatures. Overall, these results suggest that mechanisms underlying cycle
shifts in female facial preferences do not operate in low-level vision, rather, that they are likely to occur
as a result of shifts that occur in higher-level visual perception.

5. Conclusion
We found no evidence for changes in visual sensitivity associated with menstrual cycle variations in
female fertility. These results suggest that variation in female preferences when judging the attractiveness
of faces likely occurs not because of low-level factors, but because of changes that occur in higher-level
perception. This is consistent with the arguments from previous studies, suggesting that an element of
context-dependent factors, such as relationship status, plays an important role during mate selection
[13]. This indicates that the mechanisms of control may be operating in areas involved in cognitive
appraisal and decision-making. Until recently, this has been an understudied topic within discussions
from both the psychophysical and evolutionary psychology literatures. Psychophysical studies have
previously shown that aspects of vision may be influenced by hormonal changes in women [22–29],
but because these studies were not concerned with the evolutionary relevance of such changes, such as
fertility effects, full cycles and participant groups were not always part of their experimental designs.
Equally, evolutionary studies that do include such specific experimental designs focus on higher-level
aspects of perception, such that input from low-level vision is not the focus of investigation [14–20]. With
these limitations combined, it has remained unclear the extent to which female reproductive hormones
influence early visual processing, and how these effects may contribute to understanding shifts in
preferences reported in the evolutionary psychology literature. The present results address these issues,
and suggest that mechanisms underlying cycle shifts in female facial preferences do not operate in low-
level vision, rather, that they are likely to occur as a result of shifts that occur in higher-level visual
perception.

Ethics. All participants gave written informed consent. The research was approved by the University of Essex
University Ethics Committee.
Data accessibility. Data are available from the Dryad Digital Repository (https://doi.org/10.5061/dryad.rv6b7) [52].
Contrast sensitivity data: publicly available at Figshare (https://doi.org/10.6084/m9.figshare.4791943.v1).
Authors’ contributions. A.L.M.W., P.B.H. and R.O.G. contributed to the conception and design of the project. A.L.M.W.
was responsible for data acquisition, analysis and interpretation. The article was drafted by A.L.M.W., and revised
by P.B.H. and R.O.G. The final approval of the version to be published was given by A.L.M.W., P.B.H. and R.O.G.
A.L.M.W. agreed to be accountable for all aspects of the work.
Competing interests. There are no competing interests between the authors.
Funding. No external funding was used to support the project.
Acknowledgements. We thank all who dedicated time to take part in the study, and for their enthusiasm throughout.

References
1. Gangestad SW, Thornhill R. 2008 Human oestrus.

Proc. R. Soc. B 275, 991–1000. (doi:10.1098/rspb.
2007.1425)

2. Wilcox AJ, Weinberg CR, Baird DD. 1995 Timing of
sexual intercourse in relation to ovulation—effects
on the probability of conception, survival ofthe

pregnancy, and sex of the baby. N. Engl. J. Med. 333,
1517–1521. (doi:10.1056/NEJM1995120733
32301)

3. Wilcox AJ, Dunson DB, Weinberg CR, Trussell J, Baird
DD. 2001 Likelihood of conception with a single act
of intercourse: providing benchmark rates for
assessment of post-coital contraceptives.

Contraception 63, 211–215. (doi:10.1016/
S0010-7824(01)00191-3)

4. Grammer K, Thornhill R. 1994 Human (Homo
sapiens) facial attractiveness and sexual selection:
the role of symmetry and averageness. J. Comp.
Psychol. 108, 233. (doi:10.1037/0735-7036.108.
3.233)

https://doi.org/10.5061/dryad.rv6b7
https://doi.org/10.6084/m9.figshare.4791943.v1
http://dx.doi.org/10.1098/rspb.2007.1425
http://dx.doi.org/10.1098/rspb.2007.1425
http://dx.doi.org/10.1056/NEJM199512073332301
http://dx.doi.org/10.1056/NEJM199512073332301
http://dx.doi.org/10.1016/S0010-7824(01)00191-3
http://dx.doi.org/10.1016/S0010-7824(01)00191-3
http://dx.doi.org/10.1037/0735-7036.108.3.233
http://dx.doi.org/10.1037/0735-7036.108.3.233


8

rsos.royalsocietypublishing.org
R.Soc.opensci.5:171566

................................................
5. Little AC, Jones BC, Burt DM, Perrett DI. 2007

Preferences for symmetry in faces change across the
menstrual cycle. Biol. Psychol. 76, 209–216.
(doi:10.1016/j.biopsycho.2007.08.003)

6. Folstad I, Karter AJ. 1992 Parasites, bright males,
and the immunocompetence handicap. Am. Nat.
139, 603–622. (doi:10.1086/285346)

7. Boothroyd LG, Lawson JF, Michael Burt D. 2009
Testing immunocompetence explanations of male
facial masculinity. J. Evol. Psychol. 7, 65–81.
(doi:10.1556/JEP.7.2009.1.7)

8. Roney JR, Simmons ZL. 2008 Women’s estradiol
predicts preference for facial cues of men’s
testosterone. Horm. Behav. 53, 14–19. (doi:10.
1016/j.yhbeh.2007.09.008)

9. Frost P. 1994 Preference for darker faces in
photographs at different phases of the menstrual
cycle: preliminary assessment of evidence for a
hormonal relationship. Percept. Mot. Skills 79,
507–514. (doi:10.2466/pms.1994.79.1.507)

10. Johnston VS, Hagel R, Franklin M, Fink B, Grammer
K. 2001 Male facial attractiveness: evidence for
hormone-mediated adaptive design. Evol. Hum.
Behav. 22, 251–267. (doi:10.1016/S1090-
5138(01)00066-6)

11. Penton-Voak IS, Perrett DI, Castles DL, Kobayashi T,
Burt DM, Murray LK, Minamisawa R. 1999 Menstrual
cycle alters face preference. Nature 399, 741–742.
(doi:10.1038/21557)

12. Penton-Voak IS, Perrett DI. 2000 Female preference
for male faces changes cyclically: further evidence.
Evol. Hum. Behav. 21, 39–48. (doi:10.1016/S1090-
5138(99)00033-1)

13. Little AC, Jones BC, Penton-Voak IS, Burt DM, Perrett
DI. 2002 Partnership status and the temporal
context of relationships influence human female
preferences for sexual dimorphism in male face
shape. Proc. R. Soc. Lond. B 269, 1095–1100.
(doi:10.1098/rspb.2002.1984)

14. Kokko H, Brooks R, Jennions MD, Morley J. 2003 The
evolution of mate choice and mating biases. Proc. R.
Soc. Lond. B 270, 653–664. (doi:10.1098/rspb.
2002.2235)

15. Gangestad SW, Thornhill R. 1998 Menstrual cycle
variation in women’s preferences for the scent of
symmetrical men. Proc. R. Soc. Lond. B 265,
927–933. (doi:10.1098/rspb.1998.0380)

16. Harris CR. 2013 Shifts in masculinity preferences
across the menstrual cycle: still not there. Sex Roles
69, 507–515. (doi:10.1007/s11199-012-0229-0)

17. Gildersleeve K, Haselton MG, Fales MR. 2014 Do
women’s mate preferences change across the
ovulatory cycle? A meta-analytic review. Psychol.
Bull. 140, 1205. (doi:10.1037/a0035438)

18. Gildersleeve K, DeBruine L, Haselton MG, Frederick
DA, Penton-Voak IS, Jones BC, Perrett DI. 2013 Shifts
in women’s mate preferences across the ovulatory
cycle: a critique of Harris (2011) and Harris (2012). Sex
Roles 69, 516–524. (doi:10.1007/s11199-013-0273-4)

19. Harris CR. 2011 Menstrual cycle and facial
preferences reconsidered. Sex Roles 64, 669–681.
(doi:10.1007/s11199-010-9772-8)

20. WoodW, Carden L. 2014 Elusiveness of menstrual
cycle effects on mate preferences: comment on
Gildersleeve, Haselton, and Fales (2014). Psychol
Bull. 140, 1265-71. (doi:10.1037/a0036722)

21. Hutchinson CV, Walker JA, Davidson C. 2014
Oestrogen, ocular function and low-level vision: a
review. J. Endocrinol. 223, R9–R18. (doi:10.1530/
JOE-14-0349)

22. Wong S, Tong JE. 1974 Menstrual cycle and
contraceptive hormonal effects on temporal
discrimination. Percept. Mot. Skills 39, 103–108.
(doi:10.2466/pms.1974.39.1.103)

23. Maguire MS, Byth W. 1998 The McCollough effect
across the menstrual cycle. Percept. Psychophys. 60,
221–226. (doi:10.3758/BF03206031)

24. Parlee MB. 1983 Menstrual rhythm in sensory
processes: a review of fluctuations in vision,
olfaction, audition, taste, and touch. Psychol. Bull.
93, 539. (doi:10.1037/0033-2909.93.3.539)

25. DeMarchi GW, Tong JE. 1972 Menstrual, diurnal, and
activation effects on the resolution of temporally
paired flashes. Psychophysiology 9, 362–367.
(doi:10.1111/j.1469-8986.1972.tb03220.x)

26. Diamond M, Diamond AL, Mast M. 1972 Visual
sensitivity and sexual arousal levels during the
menstrual cycle. J. Nerv. Ment. Dis. 155, 170–176.

27. Ward MM, Stone SC, Sandman CA. 1978 Visual
perception in women during the menstrual cycle.
Physiol. Behav. 20, 239–243. (doi:10.1016/
0031-9384(78)90215-9)

28. Barris MC, DawsonWW, Theiss CL. 1980 The visual
sensitivity of women during the menstrual cycle.
Doc. Ophthalmol. 49, 293–301. (doi:10.1007/
BF01886622)

29. Scher D, Pionk M, Purcell DG. 1981 Visual sensitivity
fluctuations during the menstrual cycle under dark
and light adaptation. Bull. Psychon. Soc. 18,
159–160. (doi:10.3758/BF03333591)

30. Epting LK, OvermanWH. 1998 Sex-sensitive tasks in
men and women: a search for performance
fluctuations across the menstrual cycle. Behav.
Neurosci. 112, 1304. (doi:10.1037/0735-
7044.112.6.1304)

31. Johnson N, Petersik JT. 1987 Preliminary findings
suggesting cyclic changes in visual contrast
sensitivity during the menstrual cycle. Percept. Mot.
Skills 64, 587–594. (doi:10.2466/pms.1987.64.
2.587)

32. Kopell BS, Lunde DT, Clayton RB, Moos RH. 1969
Variations in somemeasures of arousal during the
menstrual cycle. J. Nerv. Ment. Dis. 148, 180–187.
(doi:10.1097/00005053-196902000-00009)

33. Gray KL, AdamsWJ, Hedger N, Newton KE, Garner
M. 2013 Faces and awareness: low-level, not
emotional factors determine perceptual
dominance. Emotion 13, 537. (doi:10.1037/a0031403)

34. Campbell FW, Robson JG. 1968 Application of fourier
analysis to the visibility of gratings. J. Physiol. 197,
551–566. (doi:10.1113/jphysiol.1968.sp008574)

35. Bachmann T. 2007 When beauty breaks down:
investigation of the effect of spatial quantisation on
aesthetic evaluation of facial images. Perception 36,
840–849. (doi:10.1068/p5509)

36. Guo K, Liu CH, Roebuck H. 2011 I know you are
beautiful even without looking at you:
discrimination of facial beauty in peripheral vision.
Perception 40, 191–195. (doi:10.1068/p6849)

37. Rennels JL, Bronstad PM, Langlois JH. 2008 Are
attractive men’s faces masculine or feminine? The
importance of type of facial stimuli. J. Exp. Psychol.
Hum. Percept. Perform. 34, 884.
(doi:10.1037/0096-1523.34.4.884)

38. Blin O, Mestre D, Paut O, Vercher JL, Audebert C.
1993 GABA-ergic control of visual perception in
healthy volunteers: effects of midazolam, a
benzodiazepine, on spatio-temporal contrast
sensitivity. Br. J. Clin. Pharmacol. 36, 117–124.
(doi:10.1111/j.1365-2125.1993.tb04206.x)

39. De Bondt T, De Belder F, Vanhevel F, Jacquemyn Y,
Parizel PM. 2015 Prefrontal GABA concentration
changes in women—influence of menstrual cycle
phase, hormonal contraceptive use, and correlation
with premenstrual symptoms. Brain Res. 1597,
129–138. (doi:10.1016/j.brainres.2014.11.051)

40. Epperson CN, Haga K, Mason GF, Sellers E,
Gueorguieva R, ZhangW, Weiss E, Rothman DL,
Krystal JH. 2002 Corticalγ-aminobutyric acid levels
across the menstrual cycle in healthy women and
those with premenstrual dysphoric disorder: a
proton magnetic resonance spectroscopy study.
Arch. Gen. Psychiatry 59, 851–858.
(doi:10.1001/archpsyc.59.9.851)

41. Rhodes G, Peters M, Lee K, Morrone MC, Burr D.
2005 Higher-level mechanisms detect facial
symmetry. Proc. R. Soc. Lond. B 272, 1379–1384.
(doi:10.1098/rspb.2005.3093)

42. Phelps EA, Ling S, Carrasco M. 2006 Emotion
facilitates perception and potentiates the
perceptual benefits of attention. Psychol. Sci. 17,
292–299. (doi:10.1111/j.1467-9280.2006.
01701.x)

43. Brainard DH. 1997 The psychophysics toolbox.
Spat. Vis. 10, 433–436. (doi:10.1163/156856897X
00357)

44. Pelli DG. 1997 The VideoToolbox software for visual
psychophysics: transforming numbers into movies.
Spat. Vis. 10, 437–442.
(doi:10.1163/156856897X00366)

45. Kleiner M, Brainard D, Pelli D, Ingling A, Murray R,
Broussard C. 2007 What’s new in Psychtoolbox-3.
Perception 36, 1.

46. Wideman L, Montgomery MM, Levine BJ, Beynnon
BD, Shultz SJ. 2013 Accuracy of calendar-based
methods for assigning menstrual cycle phase in
women. Sports Health 5, 143–149.
(doi:10.1177/1941738112469930)

47. Derefeldt G, Lennerstrand G, Lundh B. 1979 Age
variations in normal human contrast sensitivity.
Acta Ophthalmol. 57, 679–690.
(doi:10.1111/j.1755-3768.1979.tb00517.x)

48. Sowden PT, Rose D, Davies IR. 2002 Perceptual
learning of luminance contrast detection: specific
for spatial frequency and retinal location but not
orientation. Vision Res. 42, 1249–1258.
(doi:10.1016/S0042-6989(02)00019-6)

49. Brabyn LB, McGuinness DI. 1979 Gender differences
in response to spatial frequency and stimulus
orientation. Atten. Percept. Psychophys. 26,
319–324. (doi:10.3758/BF03199887)

50. Solberg JL, Brown JM. 2002 No sex differences in
contrast sensitivity and reaction time to spatial
frequency. Percept. Mot. Skills 94, 1053–1055.
(doi:10.2466/pms.2002.94.3.1053)

51. Tinbergen N. 1963 On aims and methods of
ethology. Ethology 20, 410–433.

52. Webb ALM, Hibbard PB, O’Gorman R. 2018 Data
from: Natural variation in female reproductive
hormones does not affect contrast sensitivity. Dryad
Digital Repository. (https://doi.org/10.5061/dryad.
rv6b7)

http://dx.doi.org/10.1016/j.biopsycho.2007.08.003
http://dx.doi.org/10.1086/285346
http://dx.doi.org/10.1556/JEP.7.2009.1.7
http://dx.doi.org/10.1016/j.yhbeh.2007.09.008
http://dx.doi.org/10.1016/j.yhbeh.2007.09.008
http://dx.doi.org/10.2466/pms.1994.79.1.507
http://dx.doi.org/10.1016/S1090-5138(01)00066-6
http://dx.doi.org/10.1016/S1090-5138(01)00066-6
http://dx.doi.org/10.1038/21557
http://dx.doi.org/10.1016/S1090-5138(99)00033-1
http://dx.doi.org/10.1016/S1090-5138(99)00033-1
http://dx.doi.org/10.1098/rspb.2002.1984
http://dx.doi.org/10.1098/rspb.2002.2235
http://dx.doi.org/10.1098/rspb.2002.2235
http://dx.doi.org/10.1098/rspb.1998.0380
http://dx.doi.org/10.1007/s11199-012-0229-0
http://dx.doi.org/10.1037/a0035438
http://dx.doi.org/10.1007/s11199-013-0273-4
http://dx.doi.org/10.1007/s11199-010-9772-8
http://dx.doi.org/10.1037/a0036722
http://dx.doi.org/10.1530/JOE-14-0349
http://dx.doi.org/10.1530/JOE-14-0349
http://dx.doi.org/10.2466/pms.1974.39.1.103
http://dx.doi.org/10.3758/BF03206031
http://dx.doi.org/10.1037/0033-2909.93.3.539
http://dx.doi.org/10.1111/j.1469-8986.1972.tb03220.x
http://dx.doi.org/10.1016/0031-9384(78)90215-9
http://dx.doi.org/10.1016/0031-9384(78)90215-9
http://dx.doi.org/10.1007/BF01886622
http://dx.doi.org/10.1007/BF01886622
http://dx.doi.org/10.3758/BF03333591
http://dx.doi.org/10.1037/0735-7044.112.6.1304
http://dx.doi.org/10.1037/0735-7044.112.6.1304
http://dx.doi.org/10.2466/pms.1987.64.2.587
http://dx.doi.org/10.2466/pms.1987.64.2.587
http://dx.doi.org/10.1097/00005053-196902000-00009
http://dx.doi.org/10.1037/a0031403
http://dx.doi.org/10.1113/jphysiol.1968.sp008574
http://dx.doi.org/10.1068/p5509
http://dx.doi.org/10.1068/p6849
http://dx.doi.org/10.1037/0096-1523.34.4.884
http://dx.doi.org/10.1111/j.1365-2125.1993.tb04206.x
http://dx.doi.org/10.1016/j.brainres.2014.11.051
http://dx.doi.org/10.1001/archpsyc.59.9.851
http://dx.doi.org/10.1098/rspb.2005.3093
http://dx.doi.org/10.1111/j.1467-9280.2006.01701.x
http://dx.doi.org/10.1111/j.1467-9280.2006.01701.x
http://dx.doi.org/10.1163/156856897X00357
http://dx.doi.org/10.1163/156856897X00357
http://dx.doi.org/10.1163/156856897X00366
http://dx.doi.org/10.1177/1941738112469930
http://dx.doi.org/10.1111/j.1755-3768.1979.tb00517.x
http://dx.doi.org/10.1016/S0042-6989(02)00019-6
http://dx.doi.org/10.3758/BF03199887
http://dx.doi.org/10.2466/pms.2002.94.3.1053
https://doi.org/10.5061/dryad.rv6b7
https://doi.org/10.5061/dryad.rv6b7

	Introduction
	Materials and methods
	Participants
	Stimuli and apparatus
	Procedure

	Results
	Discussion
	Conclusion
	References

