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Recent results have shown that males have lower duration thresholds for motion direction discrimination than
females. Measuring contrast thresholds, a previous study has shown that males have a greater sensitivity to fine
details and fast flickering stimuli than females, and that females have a higher sensitivity to low spatial fre-
quencies modulated at low temporal frequencies. Here, we present the data of a contrast-detection motion
discrimination experiment and a reanalysis of four different motion discrimination experiments where we
compare duration thresholds for males and females using different spatial frequencies, stimulus sizes, contrasts,
and temporal frequencies (in two experiments, motion surround suppression was measured). Results from the
main experiment and the reanalysis show that, in general, the association between sex and contrast and duration
thresholds for motion discrimination is not significant, with males and females showing similar data patterns.
Only the reanalysis of one out of four studies revealed different duration thresholds between males and females
paired with a strong effect size supporting previous results in the literature, although motion surround sup-
pression was identical between groups. Importantly, most of our results do not show significant differences
between males and females in contrast and duration thresholds, suggesting that the sex variable may not be as

relevant as previously claimed when testing visual motion discrimination.

1. Introduction

Recent studies have pointed out that sex is a biological variable that
should be controlled in neuroscience studies (Cahill, 2006; McCarthy
et al., 2017) and particularly in vision research (Abramov et al., 2012a,
2012b; Mathew et al., 2020; S. O. Murray et al., 2018). Previous studies
have found sex differences depending on the type of visual function
tested. For example, males have better visual acuity (for static and dy-
namic targets) than females (Burg, 1966; Burg & Hulbert, 1961;
McGuinness, 1976). Contrast sensitivity is in general higher for males
than females (Abramov et al., 2012a), but it depends on stimulus spatial
frequency and orientation (Brabyn & McGuinness, 1979). Females have
lower scotopic thresholds and present a longer visual persistence in the
dark than males (McGuinness, 1976). Regarding color perception, there
are sex differences in many aspects, like color identification (Greene &
Gynther, 1995), hue sensations (Abramov et al., 2012b), color satura-
tion in the green-yellow region of color space (I. J. Murray et al., 2012),
and color categorization (Fider & Komarova, 2019). In a recent study,

Mathew et al., (2020) have shown differences in visuomotor processing
between males and females. In particular, a male advantage for visuo-
motor tracking was found (Mathew et al., 2020). Regarding spatiotem-
poral contrast sensitivity using sinusoidal gratings, Abramov et al.
(2012a) showed that males and females have similar sensitivity to low
spatial frequencies, but as spatial frequency increases, sensitivity be-
comes higher for males. This difference in sensitivity is also greater for
temporal frequencies between 1 and 8 Hz. However, there are other
visual aspects where no sex differences have been evidenced. For
example, no significant differences were found in stereoacuity between
males and females (Zaroff et al., 2003).

Regarding motion perception, Brabyn and Mcguinness (1979)
measured contrast thresholds for drifting gratings of different spatial
frequencies and three orientations at a speed of 10 deg/s. Females had
lower contrast thresholds for low spatial frequencies (e.g. lower than 0.8
c/deg), whereas males had lower contrast thresholds for high spatial
frequencies (e.g. higher than 8 c/deg), independently of stimulus
orientation. No sex differences were found for the middle-range spatial
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frequencies. In a recent study, Murray et al. (2018) showed large dif-
ferences in motion discrimination of suprathreshold stimuli between
males and females measuring motion duration thresholds (e.g. minimum
time needed to discriminate the correct direction of motion for a defined
level of performance). They found significantly shorter duration
thresholds for male than for female participants, this difference being
larger at high contrasts. This could not be explained by sex differences in
speed of visual processing or motor responses. The authors also
measured fMRI responses in area MT+ trying to identify the potential
neural mechanisms causing the behavioral sex differences. Interestingly,
they found that neural responses in area MT+ were associated with
behavioral performance (i.e. duration thresholds correlated with MT+
fMRI response magnitude). However, they found no sex differences in
the fMRI response amplitude in area MT+. That is, the amplitude of the
response in MT+ was identical for males and females.

In summary, regarding motion perception, the results measuring
contrast thresholds show that males have a higher sensitivity to fast-
moving high spatial frequencies and females have higher sensitivities
to slow-moving low spatial frequencies (Abramov et al., 2012a; Brabyn
& McGuinness, 1979). For suprathreshold stimuli, males show shorter
duration thresholds than females, and these differences are stronger for
high contrasts independently of stimulus size (Murray et al., 2018).

In our study, we present the results of a motion direction discrimi-
nation experiment (data available in the supplementary S1 Table)
measuring contrast thresholds for males and females. We test whether
males have a higher sensitivity to fast-moving high spatial frequencies
and females to slow-moving low spatial frequencies. This is relevant
considering that in the study of Murray et al. (2018), they measured
duration thresholds using stimuli with a narrow range of spatial fre-
quencies (1-1.2 c/deg) and speeds (4-4.8 deg/s). Additionally, we
present a reanalysis of three published studies from our laboratory
where duration thresholds for motion direction discrimination were also
obtained. In these reanalyses we compare males and females across a
broader range of spatial frequencies, different contrasts, and temporal
frequencies. The data are ordered by date of publication. The first set of
data (i.e. Cohort 1, S2 Table) is taken from Arranz-Paraiso and Serrano-
Pedraza (2018), where they measured duration thresholds in order to
estimate a surround suppression index and correlate it with intelligence.
The second set of data (i.e. Cohort 2, S3 and S4 Table) is taken from Luna
and Serrano-Pedraza (2020), where duration thresholds for different
spatial frequencies, temporal frequencies, and contrasts, were
measured. This Cohort 2 is divided into two experiments, one with
different contrast conditions and another with different temporal fre-
quency conditions. The third set of data (i.e. Cohort 3, S5 Table) is taken
from Arranz-Paraiso et al. (2021), where the authors measured duration
thresholds and motion surround suppression for different viewing con-
ditions (e.g. monocular and binocular).

The results from our main experiment show that contrast thresholds
for males and females are not significantly different for low and high
spatial frequencies for both low and high temporal frequencies. The
reanalysis of the data from Cohorts 1, 2, and 3, shows that the shape of
the results and the strength of surround suppression (obtained in Cohort
1 and 3) are similar for males and females. In general, duration
thresholds are slightly lower for males than for females, although these
differences are only significant in Cohort 3. Therefore, our results do not
provide additional evidence to consider sex as a relevant variable when
testing motion direction discrimination.

2. Methods
2.1. Subjects

Participants’ visual acuity was tested using the SLOAN ETDRS 2000
letter series acuity chart at 40 cm and 300 cm. Their stereoscopic visual

acuity was measured with the Frisby Stereotest (Cohorts 1 and 3) or the
Randot Stereotest (Graded circle test) at 40 cm (Main Experiment and
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Cohort 2). All participants provided written informed consent before
conducting the experiments and the Ethics Committee of Universidad
Complutense de Madrid (Faculty of Psychology) approved all the
experimental procedures performed. These experimental procedures
comply with the Code of Ethics of the World Medical Association
(Declaration of Helsinki).

In the main experiment, we tested 30 participants (15 females and 15
males) with ages ranging from 20 to 32 years old (mean + SD, all par-
ticipants: 22.33 + 2.25, females: 21.87 + 0.92, males: 22.8 + 3.03,
Mann-Whitney U test for differences in age between females and males:
U = 108, p = 0.862). Participants were unaware of the purpose of the
research. All participants had a visual acuity lower than 0.4 logMAR on
both eyes, tested both at 40 cm and 300 cm. Their stereoacuity was
lower than 200 arcsec.

For Cohort 1, we analyzed the data of 47 participants (31 females
and 16 males) with ages ranging from 18 to 28 years old (mean =+ SD, all
participants: 20.83 + 2.49, females: 20.48 + 2.67, males: 21.50 + 2,
Mann-Whitney U test: U = 166, p = 0.064). All participants had a visual
acuity lower than 0.5 logMAR (in both eyes) and their stereoacuity was
lower than 500 arcsec (Arranz-Paraiso & Serrano-Pedraza, 2018).

In the case of Cohort 2, we analyzed the data from two experiments.
In the first experiment (Cohort 2a) we had 26 participants (17 females
and 9 males) with ages between 18 and 26 years old (mean + SD, all
participants: 20.31 + 2, females: 19.76 + 1.44, males: 21.33 + 2.55,
Mann-Whitney U test: U = 47.5, p = 0.115). Their visual acuity was
lower than 0.4 logMAR in all cases and their stereoacuity was lower than
200 arcsec. In the second experiment (Cohort 2b), we analyzed the data
of 30 participants (18 females and 12 males) with ages between 18 and
26 years old in the 2 Hz condition (mean + SD, all participants: 21 +
2.88, females: 20.11 + 2.4, males: 22.33 + 3.11, Mann-Whitney U test:
U =59, p = 0.037); and 27 participants (16 females and 11 males) aged
between 18 and 26 years old in the 8 Hz condition (mean + SD, all
participants: 20.93 + 2.62, females: 20.31 + 2.47, males: 21.82 + 2.68,
Mann-Whitney U test: U = 56.5, p = 0.121). They had a visual acuity
lower than 0.4 logMAR and a stereoacuity lower than 200 arcsec (Luna
& Serrano-Pedraza, 2020).

Regarding Cohort 3, we analyzed the data of 31 participants (22
females and 9 males) with ages ranging from 18 to 33 years old (mean +
SD, all participants: 22.45 + 4.45 years, females: 22.91 + 4.99, males:
21.33 + 2.65, Mann-Whitney U test: U = 112, p = 0.583). Their average
stereoacuity was 26.77 + 13.45 arcsec and the average visual acuity
across both eyes was 0.011 + 0.09 logMAR (mean + SD) for a 40 cm
distance and —0.06 + 0.095 logMAR (mean =+ SD) for a 300 cm distance
(Arranz-Paraiso et al., 2021).

2.2. Equipment

All data presented here were obtained using similar equipment. The
experiments were programmed using Matlab (The MathWorks, Natick,
MA, USA) with the Psychophysics Toolbox extensions (Brainard, 1997;
Kleiner et al., 2007; Pelli, 1997) and under the control of a Mac Pro 3.7
GHz Quad Core Intel Xeon E5 (graphics card AMD FirePro D300 2048
MB). The output from the graphics card was controlled by the DataPixx
Lite video processor (VPixx Technologies, Inc., Saint-Bruno, Canada),
providing 16-bits of gray-scale resolution. The responses to the experi-
ments were recorded using a ResponsePixx Handheld (VPixx Technol-
ogies, Inc., Saint-Bruno, Canada). The luminance of the monitors used
was gamma-corrected using a Minolta LS-110 photometer (Konica
Minolta Optics, Inc., Osaka, Japan). We asked the participants to place
their heads on a chin rest (UHCOTech HeadSpot, Houston, TX, USA) to
control the distance to the screen and to avoid head movements.

For Cohorts 1 and 2, we used a 17-in. Eizo Scan T565 with a reso-
lution of 800 x 600 pixels (horizontal x vertical), a vertical frame rate of
148 Hz, and a mean luminance of 49.1 cd/m?. For our main experiment
and Cohort 3 we used a 19-in. Eizo Flex Scan T765 with gamma
correction applied using the same photometer. This monitor had a
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resolution of 1024 x 768 pixels, a vertical frame rate of 120 Hz, and a
mean luminance of 40.5 cd/m?> (our main experiment) and 35.4 ed/m?
(Cohort 3).

2.3. Stimuli

All stimuli were created with Matlab (The MathWorks, Natick, MA,
USA). In our main experiment, the stimuli were images of drifting ver-
tical Gabor patches of 750 x 750 pixels, presented inside a square of
25.63 x 25.63 cm on the center of the screen where the remainder of the
screen had the mean luminance. Two spatial frequencies were chosen:
0.6 c/deg and 12 c/deg; and two temporal frequencies: 1 Hz and 8 Hz.
For the spatial frequency of 0.6 c/deg the screen was placed at 100 cm
from the observer (the image subtended an angle of 14.6 x 14.6 deg).
For the 12 c/deg spatial frequency, the distance to the screen was 235
cm (the image subtended an angle of 6.24 x 6.24 deg). The stimuli had a
nominal diameter of 2 deg (diameter = 2 x cy,, where o, is the standard
deviation of the spatial Gaussian window).

For Cohorts 1, 2, and 3, the stimuli consisted of 512 x 512 pixels
images that were presented in a squared area of 19.5 x 19.5 cm centered
on the screen. The remainder of the screen had the mean luminance. For
Cohort 1, the screen was placed 100 cm from the observers, subtending
20.1 x 20.1 degrees of visual angle. The stimuli were vertical Gabor
patches of spatial frequency 1 c/deg and a drifting speed of 2 deg/s. Two
nominal diameters were used, 0.7 and 6 deg (diameter = 2 x cy,, where
Oxy is the standard deviation of the spatial Gaussian window). The
contrast (92%) was temporally modulated with a temporal Gaussian
function, where the standard deviation 6; was controlled by a Bayesian
adaptive staircase (see Procedure section). We defined the duration of the
stimuli as twice the temporal standard deviation (2 x o).

For Cohort 2, the stimuli were vertical Gabor patches. The nominal
diameter of the stimuli was 4 deg (2 x o) and the rest of the screen was
set to the mean luminance. We used eight spatial frequencies for the
Gabor patches: 0.25, 0.5, 0.75, 1, 1.5, 2, 3, and 6 c/deg. This Cohort was
divided into two subcohorts: Cohort 2a, where the Michelson contrasts
for the drifting Gabor patches were 10% and 90% and the speed of the
Gabor patches was 2 deg/s; and Cohort 2b, where the Michelson contrast
was always 90% and we used two drifting temporal frequencies for the
Gabor patches: 2 and 8 Hz. For both subcohorts, the contrast was
temporally modulated by a Gaussian function, whose standard deviation
was controlled by a Bayesian adaptive staircase in order to estimate
duration thresholds (defined as twice the temporal standard deviation 2
x O see Procedure section).

For Cohort 3, the stimuli were vertical gratings windowed by a
spatial 2D Butterworth function of order 10. The spatial frequency was 1
c/deg and the drifting speed was 2 deg/s. Two diameters of the But-
terworth window were selected, 1 and 7 deg. Stimuli were viewed
binocularly or monocularly (with an orthoptic patch occluding the eye).
Michelson contrast was 85% and was temporally modulated with a
Gaussian function with the standard deviation controlled by a Bayesian
adaptive staircase. As in Cohort 1 and 2, we measured duration
thresholds, where the duration of the stimulus was 2 x ;.

Examples of the stimuli used in these experiments can be seen in the
original papers (Arranz-Paraiso et al., 2021; Arranz-Paraiso & Serrano-
Pedraza, 2018; Luna & Serrano-Pedraza, 2020).

2.4. Procedure

The experiments took place in a dark room, with the participants
seating beside a table and their heads placed on a chin rest. In each trial,
stimuli drifted leftwards or rightwards randomly. The participants’ task
was always to indicate the direction of motion (i.e. motion direction
discrimination task). Two types of thresholds were measured: contrast
thresholds and duration thresholds.

In our main experiment we measured contrast thresholds, that is, the
minimum amount of contrast needed to correctly discriminate the
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direction of motion 82% of the times. Each trial began with the pre-
sentation of a black cross in the center of the screen for 500 ms, whose
contrast was temporally modulated by a Gaussian function with a
standard deviation of 80 ms. After the cross had disappeared, the
stimulus was presented during an interval of 1000 ms and its contrast
was modulated by a Gaussian temporal function with a standard devi-
ation of 250 ms. Once the stimulus presentation was over, the partici-
pant indicated if it had drifted leftwards or rightwards. The next trial did
not start until a response was given and no feedback on the correctness
of the response was provided. The contrast of the stimulus on each trial
was controlled by a Bayesian adaptive staircase (Treutwein, 1995) with
the following characteristics: (a) The prior probability-density function
describing the distribution of the thresholds was uniform (Emerson,
1986; Pentland, 1980; Serrano-Pedraza et al., 2020) between —4 and 3.8
(log10(contrast)) in steps of 0.001 log units. The initial contrast was
—0.1 logl0(contrast) (Michelson contrast = 0.794). (b) We used the
logistic function as the model function (see a complete description of
this function and the Bayesian procedure used here in the Supplemen-
tary Information of Serrano-Pedraza et al. (2020) appendices Al and
A2). (¢) In each trial, the value of the stimulus contrast was taken from
the mean of the posterior probability distribution (in log-decimal values)
(King-Smith et al., 1994). (d) The staircase terminated after a fixed
number of trials (Anderson, 2003). (e) The estimation of the final
contrast threshold was done by taking the mean of the final probability-
density function (in log-decimal values) (f) Its spread value was 0.8
(with a 0.01 value for the delta parameter, a lapse rate of 0.01, and a 0.5
guess rate). For each condition we measured three thresholds and each
threshold required 30 trials. The final contrast threshold for each con-
dition and participant was the average of those three thresholds.

For Cohorts 1, 2, and 3, we measured duration thresholds, defined as
the minimum presentation time of a drifting stimulus needed to
correctly discriminate its direction of motion 82% of the times. In these
experiments, a black fixation cross was presented in each trial on the
center of the screen for 500 ms. Its contrast was temporally modulated
with a Gaussian function with a standard deviation of 80 ms. After the
presentation of the fixation cross, the stimulus was presented during an
interval of 1000 ms. Once the stimulus presentation was over, the
participant indicated if it had drifted leftwards or rightwards. To obtain
the duration thresholds, we also used a Bayesian staircase procedure
with characteristics similar as before: (a) The prior probability-density
function describing the distribution of the thresholds was uniform be-
tween 0.1 and 3.9 (log10(ms)) in steps of 0.001 log units. The starting
duration was 200 ms (6; = 100 ms). (b) The logistic function was used as
the model function. (c) The spread value was 1 (with a 0.01 value for the
delta parameter, a lapse rate of 0.01, and a 0.5 guess rate). (d) A
Gaussian temporal window determined the temporal duration of the
stimuli. It was used to control the contrast as a function of time. (e) In
each trial, the mean of the posterior probability distribution (in log-
decimal values) was taken to obtain the value of the temporal stan-
dard deviation (6. (f) The staircase terminated after 40 trials. (g) The
final estimation of the duration threshold (2 x o) was done by taking
the mean of the final probability-density function. For Cohort 2, two
duration thresholds per condition were obtained and averaged to
compute the definitive duration threshold value. For Cohorts 1 and 3,
three duration thresholds per condition were obtained and averaged to
compute the final duration threshold value.

2.5. Statistical analyses

In the main experiment, to compare contrast thresholds between
females and males, we fitted a linear mixed-effects model (Matlab’s
function “fitlme”) using restricted maximum likelihood and assuming
the formula: logl0(contrast threshold) ~ Sex x Spatial frequency x
Temporal frequency + (1 | ID). Thus, the dependent variable in this
model was the contrast threshold (given in logarithmic units). Sex,
Spatial frequency, and Temporal frequency were fixed effects, and the
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participant’s ID number was a random effect.

In all cohorts, we compared logarithmic durations thresholds (log10
(ms)) between females and males by fitting a linear mixed-effects model
in the same way as we did in the main experiment. In Cohort 1, we used
the formula: log10(duration threshold) ~ Sex x Stimulus size + (1 | ID),
where the fixed effects were Sex (male/female) and Size (small/large).
In Cohort 2a, we used the formula: log10(duration threshold) ~ Sex x
Contrast + (1 | ID), where the fixed effects were Sex (male/female) and
Contrast (10% / 90%), while in Cohort 2b, we used logl0(duration
threshold) ~ Sex x Temporal frequency + (1 | ID), where the fixed ef-
fects were Sex (male/female) and Temporal frequency (2 Hz / 8 Hz).
Lastly, in Cohort 3, we used the formula: log10(duration threshold) ~
Sex x Stimulus size + (1 | ID), where the fixed effects were Sex (male/
female) and Size (small/large), separately for each viewing condition
(monocular and binocular).

In order to assess the overall effect of the variables in each study, we
performed an ANOVA marginal test using Satterthwaite degrees of
freedom for the F-test (Type III test of fixed effects) over each of the
linear models fitted to the data.

We also calculated the effect size comparing contrast thresholds, and
duration thresholds between males and females using the standardized
mean difference Cohen’s d. It is defined as:

X —X,

)+ 1)2
ny+ny—2

where X; and X, are sample means of each group, S; and S, are their
standard deviations, and n; and ny are the sample sizes. We will inter-
pret the magnitude of d following Cohen’s conventions (Cohen, 1988).
That is, small (0.2), medium (0.5), and large (0.8).

Additionally, in Cohorts 1 and 3, we compared the means of the

>
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Motion Suppression Index (MSI) between males and females. The MSI is
defined as the logarithmic ratio between the duration thresholds for the
large stimulus and the duration thresholds for the small stimulus (MSI =
log, o (duration thresholdyarge) — log;o(duration thresholdgyan)). ~ We
also tested the normality (Shapiro-Wilk test) and the homogeneity of
variance (F test) of the data. When normality and homogeneity of var-
iances were met, we used a Student’s t-test (if homogeneity of variances
was not met, we used the Smith-Welch-Satterthwaite test or unequal
variance t-test). However, when the data did not meet these assump-
tions, we took the non-parametric alternative of the Mann-Whitney U
test. Parametric and non-parametric tests led to the same conclusions;
thus, we will only show the parametric analyses.

3. Results

3.1. Main experiment. Effect of spatial and temporal frequency on
contrast sensitivity

The results from our main experiment can be seen in Fig. 1. Both
groups show lower contrast thresholds for 0.6 c/deg than for 12 c/deg,
both for 1 Hz and 8 Hz (see Fig. 1A). In general, contrast thresholds for 8
Hz are lower than for 1 Hz, replicating previous results (Kulikowski &
Tolhurst, 1973) (see their Figs. 7 and 8, flicker detection data). For the
0.6 c/deg stimuli, and for both temporal frequencies, contrast thresholds
are lower for females. At 12 c¢/deg and 1 Hz, the contrast thresholds of
both groups are almost the same; and for 8 Hz, males have lower
contrast thresholds. These differences between the contrast thresholds of
males and females are not statistically significant (see the analysis
below). Fig. 1A shows similar distributions of contrast thresholds for
males and females. Fig. 1B shows the contrast sensitivity (i.e., reciprocal
of contrast thresholds in Michelson contrast units) of males and females

Fig. 1. Results from the main experiment

0 comparing females and males. (A) Beeswarm
fe) 4| © Females ° plots and box plots representing the contrast
E 05| ® Malgs o thresholds (in log-decimal units) for each exper-
8 ||~ Median imental condition (N = 30, 15 females and 15
= -1 -—= Mean males). The dashed line inside the boxplot shows
b 4 the mean and the black line shows the median.
% 1.5 ° The bottom line of the box shows the 25th
-E 4 percentile (Q1) and the upper line the 75th
Q .2 %% o [} percentile (Q3). The upper whisker corresponds
Oo | %m R to the largest value that is less than or equal to Q3
S -2.5 + 1.5 x IQR and the lower whisker corresponds
Ke) i to the lowest value that is greater than or equal to

3 ‘ ‘ ‘ ‘ Q1 — 1.5 x IQR, where IQR = Q3 — Q1 is the
06 c/deg 0.6 c/deg 12 c/deg 12 c/deg interquartile range. (B) Contrast sensitivity (i.e.,
at 1 Hz at 8 Hz at1 Hz at 8 Hz reciprocal of contrast thresholds in Michelson
i contrast units; mean + SEM) as a function of
Condition spatial frequency. (C) Ratios between male and
B C female contrast sensitivity as a function of spatial
300 1.6 frequency. Note: Ratios lower than 1 mean higher
i 1) —O— 1Hz contrast sensitivity for females and ratios higher
> % |- 8Hz than 1 mean higher contrast sensitivity for males.
3 S 1.4+
2100 4 22
2 Z2E ]
A B9 40
— E c 1.2
|7} i Qo
g 2w
= 7|—O— Female 1Hz 0n =
o ||-®- Male 1Hz 8 1
© —{+ Female 8Hz g i
-H- Male 8Hz O
10 T T 0.8 T T
0.6 12 0.6 12
Spatial frequency (c/deg) Spatial frequency (c/deg)



O. Bachtoula et al.

as a function of spatial frequency for two temporal frequencies. Fig. 1C
shows the contrast sensitivity ratios, computed as the ratio between the
means of the contrast sensitivity shown in Fig. 1B. The points that stand
on the dashed line indicate equal contrast sensitivity (Sensitivity Ratio
= 1), the ones below the line indicate higher contrast sensitivity for
females and the ones above the line indicate higher contrast sensitivity
for males. This plot reflects that for conditions 0.6 c¢/deg at 1 and 8 Hz,
the ratios are 0.95 and 0.93 respectively, and for conditions 12 c¢/deg at
1 and 8 Hz, the ratios are 1.01 and 1.41 respectively. Only two condi-
tions agree with previous results (Abramov et al., 2012a) (see their
Fig. 2). Namely, females for 0.6 c¢/deg and 1 Hz and males for 12 c¢/deg
and 8 Hz. The other two conditions (0.6 c¢/deg at 8 Hz and 12 c/deg at 1
Hz) show contrast sensitivity ratios opposite to the study of Abramov
et al. (2012a).

The fitted linear mixed-effects model has eight fixed-effects co-
efficients. The statistically significant ones are the intercept (fp =
-1.791, 95% CI = [-1.853, —1.73]), the effect of spatial frequency (B2 =
-0.319, 95% CI = [-0.357, —0.282]) and the effect of temporal frequency
(B3 = 0.139, 95% CI = [0.101, 0.176]). The model also has 30 random-
effects coefficients or random intercepts (SD = 0.133; 95% CI = [0.087,
0.205]) and random residuals (SD = 0.208, 95% CI = [0.179, 0.242]).
The deviance for the model fit is 31.374. The ANOVA marginal test
shows a significant main effect of spatial frequency (Fy, g4 = 283.17,p =
1.227 x 10°28) and temporal frequency (F1,84=53.472,p=1.415 x 10
10y while sex does not reach statistical significance (Fy, 23 = 0.012,p =
0.916). The interactions between these three variables are not statisti-
cally significant either.

The effect size (Cohen’s d) is small for all conditions, with most of
them having values around 0.3, except for 12 c¢/deg at 8 Hz, which has
the strongest effect (see Table 1).

3.2. Results from Cohort 1. Effect of stimulus size on motion
discrimination

Fig. 2 shows the results from Cohort 1. Duration thresholds for males
and females increase with increasing size, in agreement with previous
results (Tadin et al., 2003). Comparing males (black dots) and females
(white dots), the latter have higher duration thresholds for both stimulus
sizes.

We fitted a linear mixed-effects model with four fixed-effects co-
efficients. Only the intercept (fo = 1.748, 95% CI = [1.714, 1.783]) and
the effect of the stimulus size (3 = -0.184, 95% CI = [-0.207, -0.162])
are statistically significant. The model also has 47 random-effects co-
efficients (SD = 0.087; 95% CI = [0.059, 0.128]) and random residuals
(SD = 0.104; 95% CI = [0.085, 0.128]). The deviance for the fitted
model is —94.598. The ANOVA marginal test shows a significant main
effect of stimulus size (Fy, 45 = 264.89, p = 1.781 x 10'20), but sex does
not reach statistical significance (Fy, 45 = 2.173, p = 0.147). The inter-
action between these two variables is not statistically significant either
(F1, 45 = 0.001, p = 0.978). We also computed the Motion Suppression
Index (MSI) for males and females. The MSI is not significantly different
between males and females (t45 = 0.028, p = 0.978).

The effect size (Cohen’s d) shows a medium effect for the small
stimulus size and a small effect for the large stimulus size (see Table 2).

Table 1
Main experiment results. Averaged contrast thresholds in log-decimal values and
effect size for each condition.

Condition Females Males Cohen’s d
Mean + SD Mean + SD

0.6 c/deg - 1 Hz -1.97 £ 0.13 -1.93 £ 0.2 -0.27

0.6 c/deg — 8 Hz —2.3+£0.13 —2.25 +0.21 -0.28

12 c¢/deg -1 Hz —1.35 + 0.35 —1.36 + 0.36 0.03

12 ¢/deg - 8 Hz —1.53 +0.23 —1.65 + 0.26 0.45

Nremales = 15, Nyales = 15.
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Fig. 2. Results from Cohort 1comparing females and males. The panel
shows duration thresholds (in log-decimal units, mean + SEM) as a function of
stimulus size (N = 47, 31 females and 16 males). The spatial frequency of the
Gabor patch is 1 c¢/deg, the contrast 92%, and the speed 2 deg/s.

Table 2
Cohort 1 results. Averaged duration thresholds in log;o(ms) and effect size for
each condition.

Condition Females Males Cohen’s d
Mean + SD Mean + SD

Small 1.59 + 0.08 1.54 +0.11 0.57

Large 1.96 + 0.17 1.91 £ 0.17 0.31

MSI 0.37 + 0.16 0.37 £ 0.12 0.01

Nremales = 31, Nmales = 16.

The effect size for the MSI is almost zero.

3.3. Results from Cohort 2a. Effect of contrast and spatial frequency on
motion discrimination

Results from Cohort 2a are plotted in Fig. 3. Fig. 3A and 3B show
results for 10% and 90% contrasts, respectively. The results show that
duration thresholds for motion discrimination decrease with increasing
spatial frequency, indicating a better performance for higher spatial
frequencies. In general, females (white dots) show worse performance
than males (black dots). For the 10% contrast stimuli, females have
higher duration thresholds for all spatial frequencies, with the largest
differences occurring in the range of 1 to 6 c/deg (see Fig. 3A). For 90%
contrast, females show again higher duration thresholds for most of the
spatial frequencies presented (see Fig. 3B). In this case, the largest dif-
ference between both groups is between spatial frequencies 0.25 and 1
c/deg. As can be seen in Fig. 3A and 3B, despite the small difference in
duration thresholds, the shape of the data is similar for males and
females.

Fitting a linear mixed-effects model, it can be seen that, for the low
contrast (10%), the model has sixteen fixed-effects coefficients,
including the intercept, sex, the effect of spatial frequency, and the in-
teractions between sex and spatial frequency. The main effect of sex and
its interaction with spatial frequency is not statistically significant. The
model has 26 random-effects coefficients or random intercepts (SD =
0.12; 95% CI = [0.087, 0.165]) and random residuals (SD = 0.119; 95%
CI = [0.107, 0.132]). The deviance of the model fit is —160.2. The
ANOVA marginal test shows a significant main effect of spatial fre-
quency (F7, 168 = 6.886, p = 3.347 x 10'7), with sex not reaching
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Fig. 3. Results from Cohort 2a comparing females and males. (A) Duration thresholds (in logarithmic units, mean + SEM) as a function of spatial frequency (c/
deg) for 10% contrast stimuli and a drifting speed of 2 deg/s. (B) 90% contrast and a drifting speed of 2 deg/s. In both panels, N = 26 participants (17 females and

9 males).

statistical significance (F1, 24 = 3.514, p = 0.073), and the interaction
between sex and spatial frequency not being statistically significant (F7,
168 = 0.841, p = 0.555).

For high contrast (90%), the fitted linear mixed effect model has
sixteen fixed-effects coefficients; the same ones it had for low contrast
(10%). Once again, the main effect of sex and its interaction with spatial
frequency does not reach statistical significance. The model has 26
random-effects coefficients or random intercepts (SD = 0.17; 95% CI =
[0.126, 0.231]) and random residuals (SD = 0.13; 95% CI = [0.117,
0.145]). The deviance for the model fit is —113.91. The ANOVA mar-
ginal test shows a significant main effect of spatial frequency (F7, 168 =
15.093,p =3.161 x 10’15), but sex does not reach statistical significance
(F1, 24 = 0.531, p = 0.473), and the interaction between these two
variables is not statistically significant either (F; 168 = 0.321, p =
0.944).

For 10% contrast (see Table 3), the stronger effect sizes are located at
high spatial frequencies (1-6 c/deg). On the other hand, for 90%
contrast (see Table 4), the stronger effect sizes are found at low spatial
frequencies (0.25-1 c/deg).

3.4. Results from Cohort 2b. Effect of spatial and temporal frequency on
motion discrimination

Fig. 4 shows the results for Cohort 2b comparing females and males.
Fig. 4A shows duration thresholds (in logarithmic units) as a function of
spatial frequency for females and males for a temporal frequency of 2 Hz
and 90% contrast. In general, performance decreases (i.e. duration

Table 3
Cohort 2a results, contrast 10%. Averaged duration thresholds in log;o(ms) and
effect size for each condition.

Spatial frequency (c/deg) Females Males Cohen’s d
Mean + SD Mean + SD
0.25 1.81 +0.13 1.72 +£ 0.15 0.61
0.5 1.67 £ 0.14 1.65 + 0.16 0.15
0.75 1.72 £ 0.16 1.64 + 0.16 0.49
1 1.78 + 0.16 1.68 + 0.12 0.71
1.5 1.73 £ 0.13 1.63 +0.12 0.78
2 1.69 £ 0.15 1.55+0.19 0.86
3 1.61 + 0.15 1.53 + 0.2 0.49
6 1.7 +£ 0.25 1.52 + 0.28 0.67

Nremales = 17, Nyates = 9.

Table 4
Cohort 2a results, contrast 90%. Averaged duration thresholds in log;o(ms) and
effect size for each condition.

Spatial frequency (c/deg) Females Males Cohen’s d
Mean + SD Mean + SD
0.25 1.87 £ 0.13 1.76 + 0.15 0.78
0.5 1.85 £ 0.11 1.78 £ 0.17 0.53
0.75 1.85 + 0.11 1.8 +£0.13 0.44
1 1.86 + 0.19 1.78 + 0.15 0.45
1.5 1.77 £ 0.2 1.72 +£ 0.2 0.22
2 1.68 + 0.2 1.65 + 0.29 0.12
3 1.63 £ 0.21 1.62 + 0.42 0.06
6 1.58 + 0.27 1.55 + 0.41 0.09

Nremales = 17, Nyates = 9.

thresholds increase) with increasing spatial frequency up to 1 ¢/deg and
then remains constant for higher spatial frequencies. Fig. 4B shows the
results for 8 Hz and 90% contrast. Duration thresholds show the same
tendency: they increase up to 1 c¢/deg and then they remain constant for
higher spatial frequencies. Duration thresholds for 8 Hz are in general
lower than for 2 Hz. For both temporal frequencies and for spatial fre-
quencies lower than 6 c¢/deg, duration thresholds are slightly higher for
females than for males. However, the shape of the data is similar for
males and females.

Fitting a linear mixed-effects model, it can be seen that, for the lower
temporal frequency (2 Hz), the model includes sixteen fixed-effects co-
efficients, consisting of the intercept, sex, the effect of the spatial fre-
quency, and the interactions between sex and spatial frequency. Neither
the main effect of sex, nor its interaction with spatial frequency are
statistically significant. The model also includes 30 random-effects co-
efficients or random intercepts (SD = 0.128; 95% CI = [0.096, 0.17])
and random residuals (SD = 0.111; 95% CI = [0.101, 0.123]). The
deviance for the model fit is —217.87. The ANOVA marginal test shows a
significant main effect of spatial frequency (F7, 196 = 51.644, p = 3.311
X 10'41), sex does not reach statistical significance (F;, o3 = 1.474,p =
0.235), and the interaction between these two variables is not statisti-
cally significant either (F7, 196 = 0.558, p = 0.789).

For the higher temporal frequency (8 Hz), the linear mixed effect
model includes sixteen fixed-effects coefficients, the same ones it had for
the lower temporal frequency of 2 Hz. The main effect of sex and its
interaction with spatial frequency does not reach statistical significance.
The model has 27 random-effects coefficients or random intercepts (SD
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Fig. 4. Results from Cohort 2b comparing females and males. (A) Duration thresholds (in logarithmic units, mean + SEM) as a function of spatial frequency (c/
deg) for a temporal frequency of 2 Hz and 90% contrast (N = 30, 18 females and 12 males). (B) Temporal frequency of 8 Hz and 90% contrast (N = 27, 16 females and

11 males).

= 0.162; 95% CI = [0.119, 0.221]) and random residuals (SD = 0.149;
95% CI = [0.134, 0.166]). The deviance of the model fit is —73.76. The
ANOVA marginal test shows a significant main effect of spatial fre-
quency (F7, 175 = 67.499, p = 1.995 x 10, but sex is not statistically
significant (Fy, o5 = 1.064, p = 0.312), and the interaction between these
two variables is not statistically significant either (F;, 175 = 0.612, p =
0.746).

For 2 Hz (see Table 5), the effect sizes (Cohen’s d) show a band-pass
shape as a function of spatial frequency (i.e. higher Cohen’s d for me-
dium spatial frequencies and lower Cohen’s d for low and high spatial
frequencies) with a medium effect between 0.5 and 1.5 c¢/deg and where
the strongest effect is obtained for 0.75 c/deg. For 8 Hz (see Table 6), we
also have this band-pass shape, but it is displaced to higher spatial fre-
quencies (medium effect between 1 and 3 c/deg). In this case, the
strongest effect size is obtained for 1.5 c/deg.

3.5. Results from Cohort 3. Effect of size and viewing condition
(monocular vs binocular) in motion discrimination

This Cohort presents data for two viewing conditions (monocular
and binocular). Results for the monocular viewing condition can be seen
in Fig. 5A. Results for the binocular condition are presented in Fig. 5B.
As in Cohort 1 and previous research, duration thresholds for males and
females are lower for the smallest stimulus size. In both viewing con-
ditions and for both sizes, duration thresholds for males are lower than
for females. However, the Motion Surround Suppression index is similar
for females and males (see Fig. 5C).

Table 5
Cohort 2b, temporal frequency of 2 Hz. Averaged duration thresholds in
logi10(ms) and effect size for each condition.

Spatial frequency (c/deg) Females Males Cohen’s d
Mean + SD Mean + SD

0.25 1.42 + 0.15 1.38 + 0.19 0.27

0.5 1.69 £ 0.1 1.65 + 0.09 0.44

0.75 1.83 £ 0.11 1.72 £ 0.13 0.94

1 1.85 + 0.14 1.78 £ 0.13 0.53

1.5 1.86 + 0.18 1.77 £ 017 0.5

2 1.85+0.18 1.79 + 0.22 0.28

3 1.85 + 0.21 1.78 + 0.24 0.3

6 1.83 +0.19 1.82 +0.23 0.04

Nremales = 18, Nyales = 12.

Table 6
Cohort 2 results, temporal frequency of 8 Hz. Averaged duration thresholds in
log10(ms) and effect size for each condition.

Spatial frequency (c/deg) Females Males Cohen’s d
Mean + SD Mean + SD

0.25 1.01 £0.18 0.98 £0.11 0.2

0.5 1.25+ 0.2 1.2 £0.19 0.28
0.75 1.47 £ 0.18 1.43 £ 0.18 0.24

1 1.62 + 0.19 1.55 + 0.14 0.43

1.5 1.68 + 0.23 1.55 + 0.14 0.64

2 1.7 £ 0.29 1.59 + 0.26 0.36

3 1.67 + 0.28 1.55 + 0.25 0.45

6 1.66 + 0.21 1.66 + 0.35 —-0.01

Nremales = 16, Nyjales = 11.

We reanalyzed the data for each viewing condition (monocular/
binocular) independently. For monocular viewing, the fitted linear
mixed-effects model has four fixed-effects coefficients, including the
intercept, sex, stimulus size, and the interaction between sex and stim-
ulus size. The intercept (Bo = 1.519, 95% CI = [1.477, 1.5611]), the effect
of sex (B; = 0.059, 95% CI = [0.017, 0.102]) and the effect of the
stimulus size (pz = -0.07, 95% CI = [-0.098, —0.041]) are statistically
significant. The model has 31 random-effects coefficients or random
intercepts (SD = 0.078; 95% CI = [0.047, 0.132]) and random residuals
(SD =0.102; 95% CI = [0.078, 0.131]). The deviance for the model fit is
—61.933. The ANOVA marginal test shows a significant main effect of
sex (F1, 29 = 7.994, p = 0.008) and stimulus size (F;, 29 = 24.152, p =
3.218 x 107). Student’s t-test comparing duration thresholds between
males and females shows significant differences for small size (ty9 =
2.775, p = 0.01) but not for large size (t29 = 2.167, p = 0.039) (Bon-
ferroni correction, o = 0.05/2 = 0.025). The interaction between sex
and size is not statistically significant (F;, 29 = 0.197, p = 0.66). Despite
the significant effect of sex on duration thresholds, no significant dif-
ferences are appreciated when comparing the Motion Suppression index
(MSI) between both groups (t277 = 0.646, p = 0.524, Smith-Welch-
Satterthwaite test or unequal variance t-test).

For binocular viewing, the fitted linear mixed-effects model has the
same four fixed-effects coefficients as in the monocular viewing condi-
tion. Again, the intercept (Bp = 1.545, 95% CI = [1.501, 1.59]), the
effect of sex (f; = 0.058, 95% CI = [0.013, 0.103]) and the effect of the
stimulus size (B2 = -0.121, 95 % CI = [-0.148, —0.094]) are statistically
significant. The model has 31 random-effects coefficients or random
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Fig. 5. Results from Cohort 3 comparing females and males. The spatial frequency of the grating is 1 c/deg, contrast is 85%, and speed is 2 deg/s. Panels A and B
show duration thresholds (in log-decimal units, mean + SEM) as a function of stimulus size. (A) Monocular viewing. (B) Binocular viewing. (C) Motion suppression
index (mean + SEM) as a function of viewing condition. For both viewing conditions, N = 31 participants (22 females and 9 males).

intercepts (SD = 0.09; 95% CI = [0.059, 0.139]) and random residuals
(SD =0.096, 95% CI = [0.075, 0.125]). The deviance for the model fit is
—61.316. The ANOVA marginal test shows a significant main effect of
sex (F1, 29 = 6.721, p = 0.015) and stimulus size (F;, 29 = 80.738,p =
7.052 x 10719). Student’s t-test comparing duration thresholds between
males and females shows significant differences for small size (t9 =
2.541, p = 0.017) but not for large size (tz9 = 2.182, p = 0.037) (Bon-
ferroni correction, a = 0.05/2 = 0.025). The interaction between sex
and size is not statistically significant (F1, 29 = 0.864, p = 0.36). We also
do not find significant differences in the MSI (to9 = 0.93, p = 0.36), thus,
females and males present similar motion surround suppression despite
the differences in duration thresholds.

The effect size (Cohen’s d) in the monocular condition is large for
both stimulus sizes (d > 0.8) and small for the MSI (see Table 7). In the
binocular condition, the effect size is large for both stimulus sizes (d >
0.8) and small for the MSI (see Table 8).

3.6. Combining results from Cohorts

One way to increase the statistical power of our analysis is by
increasing the sample size. There are differences between the experi-
mental parameters of the three Cohorts that make it inappropriate to
combine the data, even if we choose the spatial frequency of 1 c/deg and
the speed 2 deg/s, which is common in the three Cohorts. For example,
one significant difference is the spatial window used in the experiments.
We used a Butterworth window in Cohort 3 (C3) and a Gaussian window
in Cohort 1(C1) and 2 (C2). The contrast is also lower in C3 than in C1
and C2. These experimental differences are evident when we compare
the duration thresholds of the three cohorts for large sizes, 1 c¢/deg, and
speed of 2 deg/s (check Figs. 2, 3, 4, and 5). On the other hand, we
cannot combine the results of C2a and C2b because there are repeated
participants. However, although the stimulus size is different and
duration thresholds depend on the size of the stimulus, here we combine
the data for the largest size of C1 (1 c/deg, 2 deg/s, 6 deg, 92% contrast)
and the data of C2a (1 c/deg, 2 deg/s, 4 deg, 90% contrast) to achieve a

Table 7
Cohort 3 results, monocular viewing. Averaged duration thresholds in log;o(ms)
and effect size for each condition.

Condition Females Males Cohen’s d
Mean + SD Mean + SD

Small 1.5 £ 0.09 1.4 £0.11 1.1

Large 1.66 + 0.17 1.52 +0.12 0.86

MSI 0.15 + 0.17 0.13 £ 0.05 0.18

Nremales = 22, Nyales = 9.

Table 8
Cohort 3 results, binocular viewing. Averaged duration thresholds in log;(ms)
and effect size for each condition.

Condition Females Males Cohen’s d
Mean + SD Mean + SD

Small 1.47 + 0.08 1.38 £ 0.12 1.01

Large 1.74 £ 0.17 1.6 +£0.14 0.86

MSI 0.27 + 0.15 0.22 + 0.08 0.37

Nremales = 22, Nyales = 9.

larger statistical power. We believe this analysis will provide us with
useful information despite the small differences in stimulus size between
cohorts. As well, we combine C1 with C2b (1 c/deg, 2 Hz, 4 deg, 90%
contrast).

After combining duration thresholds from C1 and C2a (N = 73; 25
males and 48 females), we performed a two-sample t-test comparing
males (Mean = 1.86 log10(ms), SD = 0.17) and females (Mean = 1.92
log10(ms), SD = 0.18) and the test showed no significant differences t7;
= 1.428, p = 0.158. Similarly, combining duration thresholds from C1
and C2b (N = 77; 28 males and 49 females) did not show significant
differences between males (Mean = 1.85 logl0(ms), SD = 0.16) and
females (Mean = 1.92 log10(ms), SD = 0.165), t;5 = 1.717, p = 0.089.
Thus, adding more statistical power to our analysis did not show sig-
nificant differences between the duration thresholds of males and
females.

4. Discussion

In this work, we have presented the results of one motion discrimi-
nation experiment measuring contrast thresholds and a reanalysis of
four motion direction discrimination experiments performed in our
laboratory, comparing duration thresholds for males and females for a
broad range of spatial frequencies, contrasts, and temporal frequencies.
Although the results from our main experiment did not show significant
differences for any condition, for high spatial and temporal frequencies
(e.g. 12 c¢/deg and 8 Hz), and for low spatial and temporal frequencies
(e.g. 0.6 c/deg and 1 Hz), the ratios between males and females contrast
sensitivity (see our Fig. 1C) were similar to those reported by Abramov
et al., (2012a) (see their Fig. 2). However, for the other two conditions
tested (0.6 c/deg at 8 Hz and 12 c/deg at 1 Hz), the contrast sensitivity
ratios have shown opposite results to Abramov et al.’s (2012a) study. A
few methodological differences with respect to Abramov et al.’s (2012a)
study exist that could explain these results. For example, in Abramov
et al.’s study they measured contrast thresholds using flickering gratings
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in an orientation detection task (e.g. vertical vs horizontal). In our case,
we measured contrast thresholds using vertical drifting Gabor patches in
a motion direction discrimination task (e.g. left vs right). It is well
known that contrast thresholds for temporally modulated gratings
depend on the detection task. For instance, contrast thresholds for
flicker recognition and pattern recognition are different when repre-
sented as a function of temporal frequency and depend on spatial fre-
quency (Kulikowski & Tolhurst, 1973) (see their Figs. 6 and 7). Given
that our results have shown that contrast sensitivity was lower for low
(1 Hz) than high (8 Hz) temporal frequencies for both spatial frequencies
tested (0.6 and 12 c/deg), it is reasonable to assume that our participants
performed flicker-recognition in all four conditions. However, the re-
sults of Abramov et al. (2012a) (see their Fig. 1) show higher contrast
sensitivity for 12 ¢/deg and 1 Hz than for 8 Hz (this is evident for males;
see their Fig. 1b). This may suggest that when performing the
orientation-recognition task for high spatial frequencies, their partici-
pants employed pattern-recognition strategies to discriminate vertical
from horizontal orientations. However, it is not clear why this potential
difference only affects two conditions and not the four of them. Future
sex differences research should explore specifically whether these types
of recognition strategies have an effect on motion discrimination
experiments.

In a recent study using suprathreshold stimuli, Murray et al. (2018)
found that males had shorter duration thresholds than females. These
differences were strong at low contrasts and large stimulus sizes, and
even stronger at high contrasts independently of stimulus size. In Mur-
ray et al.’s study, they measured duration thresholds using stimuli
within a narrow range of spatial frequencies (1-1.2 c/deg) and speeds
(4-4.8 deg/s). On the contrary, in our reanalysis of four motion direction
discrimination experiments, we have compared males and females
across a broader range of spatial frequencies with different stimulus
sizes, contrasts, and temporal frequencies. The analyses have shown that
only the data from our Cohort 3 could replicate the conclusions from
Murray et al.’s study, as there were statistically significant differences
between the duration thresholds of males and females. Despite the dif-
ferences between both groups in duration thresholds, there were no
differences in motion surround suppression (measured with the Motion
Suppression Index). Although Murray et al. (2018) did not report any
analysis about surround suppression, their duration thresholds results
agree with our conclusions. Their Fig. 1 (panels B, D, E & F) shows a
constant increase in duration thresholds (represented in log scale) for
the smallest and the largest size, so probably their data also show no
differences in surround suppression between males and females.
Another difference with Murray et al.’s study is the sample size of both
studies. They analyzed data from three Cohorts where two were larger
than ours, their Cohort 2 (Rochester cohort from Melnick et al. (2013),
N = 53, 28 female and 25 male) and their Cohort 3 (Bern cohort from
Troche et al. (2018), N =177, 116 female and 61 male). Interestingly,
we got a statistically significant result in our Cohort 3 (N = 33), similar
to Murray et al.’s Cohort 3, with a sample size that is almost six times
smaller. The analyses in our other cohorts (e.g. 1, 2a, & 2b) were not
significant, as opposed to the results given in Murray et al., but the
sample sizes were not that different between both studies. They found
significant results with 33 (their Cohort 1), and 53 participants, while
we did not reach statistical significance with 47, 26, and 30 participants
(our Cohorts 1, 2a, & 2b). In any case, in order to increase the statistical
power, we performed new analyses combining the data from Cohort 1
and 2a, and Cohort 1 and 2b for conditions where experimental pa-
rameters were similar. Our analysis showed that the differences between
the duration thresholds of males and females are still not significant.
Thus, these data suggest that the sample size did not play a critical role
in the conclusions of this research.

Comparing the effect size with the study from Murray et al. (2018),
where they found effect sizes between 0.56 and 1.1, we have shown that
one condition from our Cohort 1 and all conditions from our Cohort 3
present similar Cohen’s d values. For example, for our Cohort 1, the
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magnitude of the effect size of motion duration thresholds between
males and females was medium for small stimuli (Cohen’s d = 0.57),
however, for large stimuli the effect size was small (Cohen’s d = 0.31).
For our Cohort 3, the effect size was strong in the monocular viewing
condition for both stimulus sizes, that is small (Cohen’s d = 1.1) and
large (Cohen’s d = 0.86); and was also strong in the binocular condition
for both small (Cohen’s d = 1.01) and large (Cohen’s d = 0.86) sizes.
These effect sizes from Cohort 3 are similar to the ones reported by
Murray et al. (2018), where they obtained a strong effect for 95 %
contrast (Cohen’s d = 0.76), and for 98% contrast (Cohen’s d = 1.11).

Results from our Cohort 2 showed duration thresholds for a broad
range of spatial frequencies, temporal frequencies, and contrasts. Results
from Cohort 2a showed that for 10% and 90% contrast, females had
slightly higher duration thresholds (i.e. lower sensitivity for motion
direction discrimination) for most of the spatial frequencies presented.
For the lower contrast, both groups differed more at high spatial fre-
quencies (1-6 c/deg), and, for the higher contrast, differences were
higher at low spatial frequencies (0.25-1 c¢/deg). However, the analysis
revealed that there were no significant differences between the perfor-
mance of males and females on any of the conditions tested; and both
groups showed a similar data shape.

Finally, results from Cohort 2b showed that duration thresholds were
in general slightly higher for females than for males for both temporal
frequencies (2 and 8 Hz) and for spatial frequencies lower than 6 c/deg.
For the lowest temporal frequency, the strongest sex differences were
present at low spatial frequencies (peak around 0.75 c/deg), and for
high temporal frequencies, the strongest differences were present at
higher spatial frequencies (peak around 1.5 c/deg). Nevertheless, once
again, the analysis did not reveal significant differences between the
duration thresholds of males and females for any of the spatial and
temporal frequencies tested.

In summary, we report evidence that shows that males and females
perform very similar in visual motion discrimination tasks. Despite the
results obtained by males showing a higher sensitivity for motion di-
rection discrimination in most of the studies, the analysis of the data
only revealed a statistically significant difference between males and
females in the data from Cohort 3; and in all experiments, data patterns
were similar for both, females, and males. In general, our results do not
support the claim that sex is a strong factor that should be included in
the analyses of visual motion perception (Cahill, 2006; McCarthy et al.,
2017; S. O. Murray et al., 2018).
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