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Abstract
Research across groups and methods consistently finds a gender difference in patterns of

specificity of genital response; however, empirically supported mechanisms to explain this

difference are lacking. The information-processing model of sexual arousal posits that

automatic and controlled cognitive processes are requisite for the generation of sexual

responses. Androphilic women’s gender-nonspecific response patterns may be the result of

sexually-relevant cues that are common to both preferred and nonpreferred genders captur-

ing attention and initiating an automatic sexual response, whereas men’s attentional system

may be biased towards the detection and response to sexually-preferred cues only. In the

present study, we used eye tracking to assess visual attention to sexually-preferred and

nonpreferred cues in a sample of androphilic women and gynephilic men. Results support

predictions from the information-processing model regarding gendered processing of

sexual stimuli in men and women. Men’s initial attention patterns were gender-specific,

whereas women’s were nonspecific. In contrast, both men and women exhibited gender-

specific patterns of controlled attention, although this effect was stronger among men.

Finally, measures of attention and self-reported attraction were positively related in both

men and women. These findings are discussed in the context of the information-processing

model and evolutionary mechanisms that may have evolved to promote gendered atten-

tional systems.

Introduction
Sexual response is an emotional state emerging from interactions among physiological
responses (e.g., genital vasocongestion), cognitive processing of sexual cues (e.g., attention),
and affective responses [1, 2]. Gender differences in the stimulus cues that elicit sexual response
are well established. Men’s genital and self-reported sexual responses are category-specific,
readily distinguishing between preferred and nonpreferred sexual stimuli, thereby exhibiting a
bias towards cues or features that correspond with their stated sexual attractions [3–12]. In
contrast, androphilic (i.e., sexually attracted to men) women’s genital response patterns, and
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sometimes self-reported arousal patterns, are nonspecific because they typically do not distin-
guish between preferred and nonpreferred sexual stimuli and therefore show no bias towards
stimulus cues or features consistent with their stated sexual attractions (i.e., category-nonspe-
cific) [4, 5, 8, 11, 13–17].

Empirically supported mechanisms to explain the observed gender difference in the speci-
ficity of genital sexual responses are currently lacking. The information-processing model
(IPM) of sexual response posits that attention to sexual cues initiates sexual responding [18],
thus patterns of activation and attention may differ between men and women and may contrib-
ute to the differences observed in genital response to sexual stimuli. According to the IPM, two
cognitive processes are involved when generating a sexual response. Automatic processing of
sexual stimuli involves the pre-attentive, unconscious detection of sexually-relevant features.
These features, if matched with representations of sexual stimuli in a person’s implicit memory,
will activate a genital response [18–21]. Controlled attentional processing involves the integra-
tion of automatic processes, conscious awareness, memory, and the corresponding sexual
response. As the sexual response develops, sexual aspects of the stimulus capture focal attention
and activate contents in a person’s explicit memory, allowing the sexual meanings inherent in
the stimuli to be elaborated. This elaboration facilitates sexual responding, including the con-
scious awareness of sexual arousal. Studies manipulating the degree of absorption or elabora-
tion in sexual stimuli have found that increased absorption leads to the magnification of sexual
response [22–25], whereas the inhibition of elaborative processing of sexual cues via distraction
weakens sexual responding [2, 22, 26–29].

An IPM-derived hypothesis for the gender difference in specificity of genital sexual response
might predict that androphilic women’s gender-nonspecific pattern is the result of sexually-
relevant cues present in both preferred and nonpreferred sexual targets (e.g., genitals, chest/
breasts, body shape) capturing attention and initiating a sexual response. In contrast, the IPM
would predict that men’s attentional system is biased towards the detection and elaboration of
sexually-preferred cues only (e.g., cues present in female targets—breasts, vulva). Recently,
Huberman, Maracle, and Chivers [30] found initial support for this hypothesis. They observed
that self-reported attention to sexual cues was a significant mediator of gender-specific (i.e.,
greater arousal to one’s preferred gender) genital and self-reported sexual arousal in men, but
not women. Although supportive of the IPM, self-report measures of attention do not provide
sufficiently detailed data to explore the relationship between automatic and conscious atten-
tional processes and sexual responding as proposed by the IPM.

Measures of Attention
Eyetracking is a direct way to assess stimulus processing through the acquisition of detailed
data on visual fixations—the length of time during which the eye does not move and informa-
tion is acquired and processed [31]. Fixations, then, are a direct measure of visual attention
and can be used to assess visual processing of complex stimuli. Moreover, eyetracking can iden-
tify which aspects or regions of stimuli initially capture attention [32]. Relevant to the IPM,
eyetracking can provide data regarding the time course of visual attention, so it is possible to
examine both initial attention (i.e., covert automatic allocation of attentional resources) and
controlled attention (i.e., overt orienting of gaze and gaze duration) [33].

Controlled shifts in gaze are preceded by initial shifts in attention allocation [33, 34]. There
are two main indices of initial attentional processing using eyetracking. The first involves
recording the time to first fixation, or the length of time (in seconds) for an overt or conscious
shift in visual attention to a particular stimulus region after the covert or automatic shift in
attention is elicited. Validation of time to first fixation as a measure of initial attentional

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 2 / 22

Competing Interests: The authors have declared
that no competing interests exist.



engagement with emotional or evolutionarily relevant information is demonstrated in studies
where people take significantly less time to fixate on emotional faces (e.g., happy, sad, threaten-
ing) than faces with a neutral expression [32, 35, 36], as well as significantly less time to fixate
on fearful or threatening stimuli compared to non-threatening stimuli [37, 38]. The second
index of initial attention involves examining the number of first fixations landing on a region
of interest. Again, the prediction is that regions that capture attention and motivate overt shifts
in attention will do so at a greater frequency than regions that do not capture attention [32, 36,
37–41]. Similar to studies assessing time to first fixation, emotional faces or threatening stimuli
yield significantly higher probabilities or frequencies of first fixations than do neutral faces or
nonthreatening stimuli [32, 36–39].

Indices of consciously controlled attentional processes include total fixation duration (total
amount of time spent looking at a particular region) and total fixation count (total number of
fixations to a particular region) [42, 43]. These measures have been used in affective neurosci-
ence to detect consciously controlled biases to faces differing in emotional valence. For exam-
ple, affectively-valenced stimuli (e.g., happy, angry, sad, threatening) capture attention for
significantly longer durations than do affectively-neutral stimuli [32, 36–39, 42, 43].

Assessing Attention to Sexual Cues
Gender-specific sexual responding in men and gender-nonspecific responding in women may
be associated with initial and controlled attentional biases to sexual cues [40, 44–48]. Using
erotic images of heterosexual couples as stimuli, gynephilic (i.e., sexually attracted to women)
men show significantly more fixations and longer fixation durations to the female target,
whereas for women, both the female and the male targets attract and sustain visual attention
[45–47]. Though compelling, it is possible that the stimuli and paradigms used in the majority
of eye-tracking studies have influenced the patterns of results observed [45–47]. Images of cou-
ples contain additional cues such as the setting or sexual acts that may attract and sustain atten-
tion independent of the persons depicted. Along these lines, Rupp and Wallen [47] reported a
gender difference in the degree to which contextual cues (e.g., background, clothing) attracted
visual attention. They observed that these contextual cues attracted women’s attention signifi-
cantly more than men’s. Although not examined in their study, Lykins et al. [45] noted that
women may have engaged in self-other comparisons during the presentation of images of cou-
ples, thus contributing to women’s attention on the female target in the image.

To counter these types of limitations, a forced attention paradigm has been used to examine
attentional biases to stimuli that differ in affective value. Rather than presenting one image
with multiple targets and affective meanings, two distinct targets that differ in the variable of
interest (e.g., emotion) [32] are presented simultaneously, allowing for biases in attention to be
attributed to differences in the variable of interest. Using a free-viewing version of this task,
Bradley, Costa, and Lang [49] presented women and men with two images simultaneously (i.e.,
a neutral image and either an image of a nude male or a nude female). Consistent with studies
using images of couples, men exhibited a gender-specific pattern of visual attention throughout
the stimulus presentation, whereas women exhibited a gender-nonspecific pattern of visual
attention.

Recently, Fromberger et al. [40] used a modified version of the forced attention paradigm to
examine initial and controlled attentional processes as they relate to sexual attractions. From-
berger et al. examined gynephilic men’s visual attention biases to preferred and nonpreferred
sexual stimuli based on gender preferences. They found that men showed attentional biases
towards images of adult women—their preferred sexual target. Consistent with predictions
from the IPM, men were significantly more likely to first look at their sexually-preferred target
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(initial attentional processing), preferred targets captured their attention for significantly lon-
ger than sexually nonpreferred targets (controlled attentional processing), and men reported
higher ratings of sexual attraction towards sexually-preferred targets. More recently, this
research group has examined visual attention biases related to age preferences among men
with teleiophilic (i.e., sexual attraction to adults) and pedophilic (i.e., sexual attraction to chil-
dren) attractions. Similar to the findings documenting attentional biases towards stimuli based
on gender preferences, they observed that both groups of men exhibited attentional biases
towards the detection of stimuli that matched their sexual preference in terms of the age of the
targets depicted [50, 51]. The three Fromberger et al. studies described have only included
men, so it is unknown whether women would show similar attentional biases, or nonspecific
attention patterns when simultaneously presented with preferred and nonpreferred targets,
similar to studies showing gender-nonspecific sexual responding in androphilic women.

The Current Study
In the current study, we tested predictions from the IPM with respect to patterns of initial and
controlled attention towards preferred and nonpreferred sexual targets in androphilic women
and gynephilic men. In light of the findings from the few studies of visual attention to preferred
and nonpreferred sexual stimuli, we predicted a gender difference in patterns of attention
towards sexually-preferred and nonpreferred targets for both initial and controlled attention
measures, such that men would exhibit an attentional bias towards their preferred target,
whereas women would not. Of note, the gender difference examined in the current study is
limited to the comparison of gynephilic men and androphilic women, and as such cannot be
interpreted as a comprehensive gender difference that transcends sexual orientation. Specifi-
cally, we predicted that men would i) initially orient more quickly (time to first fixation) and ii)
orient more often (number of first fixations) towards preferred sexual targets (i.e., female
images). We also expected that iii) sexually-preferred targets would capture men’s attention for
significantly longer (total fixation duration) and iv) more frequently (total fixation count) than
nonpreferred targets. We expected gender-nonspecific patterns of initial and controlled atten-
tion in women, specifically predicting that women would v) orient similarly quickly to sexu-
ally-preferred and nonpreferred targets, and vi) similarly often towards sexually-preferred and
nonpreferred targets. We also expected that vii) sexually-preferred and nonpreferred targets
would capture women’s attention for similar amounts of time and viii) at similar frequencies.
Given that attention can be captured and held for many reasons, we also examined patterns of
self-reported attraction to the male and female targets in order to investigate correlates of
attention. We expected gaze times and attraction ratings to be positively related for men and
women.

Materials and Methods

Participants
Participants were recruited using the Queen’s University introductory psychology Subject
Pool. Individuals were eligible to participate in the study if they met the following criteria: were
over 18 years of age, were able to read and write English fluently, had normal or corrected to
normal vision, and had previously viewed sexually explicit media. A total of 53 women and 22
men were included in the study, all of whom indicated exclusive or predominant sexual attrac-
tions to the other gender. This gender difference in sample size is reflective of the gender-ratio
of students enrolled in the course (i.e., 2:1 ratio in favor of women). Given the results of Chi-
vers, Bouchard, and Timmers [52] regarding patterns of genital response in exclusive versus
predominantly androphilic women, we examined our data to see what effect (if any) the
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exclusivity of sexual attraction had on the gender difference in specificity of visual attention.
Excluding the 23 women reporting predominantly androphilic sexual attractions did not influ-
ence the pattern of results in the current study; therefore, these participants were included in
the final sample. Approximately half of the participants had normal vision (n = 37), otherwise
their vision was corrected with glasses or contact lenses (n = 38). Table 1 includes demographic
information for the sample included in the analyses separated by gender. All participants
received course credit for participating in the study. All procedures were approved by the Gen-
eral Research Ethics Board at Queen’s University.

Materials
Experimental Stimuli. Stimuli were images of nude men and women in sexually provoca-

tive poses with clearly visible aroused genitals (e.g., erect penis or engorged vulva). The images
were taken from freely accessible internet sites and are available from the authors by request.
Henderson [53] observed that low-level image features (e.g., luminance and complexity) have
the potential to induce automatic attentional biases via bottom-up processing of these differ-
ences. To enable the semantic content of the stimuli (i.e., sexual relevance) to direct attention
in a top-down rather than bottom-up manner, all images were matched for size, brightness,
contrast, and colour. To do so, we first removed the background from all of the images so that
each sexual target (male or female) was isolated. Using Adobe Premiere software, luminance
level was assessed and manually adjusted to be consistent across images. A number of studies

Table 1. Participant Demographic Information.

Women Men
M (SD) n (%) M (SD) n (%)

Age 18.6 (1.4) 20.0 (6.3)

Relationship status

Single 26 (49%) 7 (32%)

Dating 27 (51%) 14 (64%)

Married 0 (0%) 1 (4.5%)

Ethnicity

European 38 (72%) 14 (64%)

African 0 (0%) 1 (4.5%)

Asian 4 (7%) 4 (18%)

Hispanic 1 (2%) 1 (4.5%)

First Nations 1 (2%) 1 (4.5%)

Other 9 (17%) 1 (4.5%)

Highest Education Completed

Community college (attending or completed) 0 (0%) 1 (4.5%)

University (attending/ completed bachelor’s degree) 53 (100%) 21 (95.5%)

Employment

Full-time 0 (0%) 1 (4.5%)

Part-time 13 (24%) 5 (23%)

Full-time student 29 (55%) 12 (54.5%)

Unemployed 8 (15%) 3 (14%)

Other 3 (6%) 1 (4.5%)

Hormonal Contraceptive Use

Yes 30 (57%) n/a

No 23 (43%) n/a

doi:10.1371/journal.pone.0152785.t001
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have shown positive correlations between compressed image file size and image file complexity,
as well as positive correlations between these factors and the subjective judgment of picture
complexity by participants [54, 55]. Image complexity was determined by examining the com-
pressed image file size in JPEG format and then all images were edited to be a similar file size
by adjusting the height and width of each image. The height of all pictures was set to 400 pixels
and the width of all pictures varied between 250 and 300 pixels.

There were 40 trials in each experimental block and three experimental blocks in total.
Blocks 1 and 2 contained novel image pairs. In order to examine potential effects of familiarity
on patterns of visual attention the images in block 3 were images previously used in blocks 1
and 2 in new pairings and new locations. Each trial involved two images presented simulta-
neously (one male target and one female target) in opposing corners of the screen (top left/bot-
tom right or top right/bottom left), and the image location was balanced across trials, with the
distance to each other and the center fixation held constant (see Fig 1). The picture pairings
were matched with respect to their width and were equidistant from the center fixation point.

Apparatus. Eye movements were measured using a Tobii T60 eye tracker in combination
with the Tobii StudioTM 2.2 software. The Tobii T60 is a contact-free, remote sensor eye-
tracker that measures bright and dark pupil tracking using an infrared camera. It has an auto-
matic eye and head tracker built into a 17-inch monitor (resolution of 1280 X 1024 pixels); this
tracker automatically compensates for small head movements, so it is unnecessary to immobi-
lize the head using a chin rest. The Tobii StudioTM 2.2 software works with a spatial resolution
of 0.2° of visual angle, a temporal resolution of 60Hz, and a gaze position accuracy of 0.5° of
visual angle. The system is compatible for use with most eyeglasses and contact lenses.

Post-stimulus Sexual Attraction Ratings. Following the presentation of each image pair,
participants were asked to rate how sexually attracted they were to the image of the man and to
the image of the woman, separately, using a 7-point scale ranging from 0 (not at all sexually
attracted) to 3 (moderately sexually attracted) to 6 (very sexually attracted).

Questionnaire. Participants completed a questionnaire providing demographic informa-
tion and their sexual history (see Table 1). Sexual attractions were assessed using the Kinsey
scale [56, 57]. Other measures to assess sexual desire [58], sexual attitudes [59], sexual inhibi-
tion/excitation [60, 61], sexual functioning [62, 63], genital self-image [64, 65], body image
[66], sexual disgust [67], homophobic attitudes [68], and anxiety [69] were administered, but
these data are not examined in this paper.

Procedure
Upon arriving to the laboratory, the experimental procedure and equipment were explained
verbally, and participants provided written informed consent to participate. Participants were
seated facing the monitor at eye level at a viewing distance of 60cm. During the instructions
that preceded each block, participants were told that they would be asked to rate their degree
of sexual attraction towards the men and women in each of the images presented, and that it
was important that they look at each image carefully in order to make their judgment. This sec-
ondary task (i.e., to assess their sexual attraction to targets) may have resulted in the forced
attention paradigm having a motivational component. This task differs from a free-viewing
paradigm [49] where no explicit instructions or secondary tasks are included [70].

Participants were given the opportunity to rest after each of the three blocks. The first block
included eight practice trials to familiarize participants with the task, followed by 40 experi-
mental trials. During the eight practice trials, participants viewed pairs of images depicting
clothed men and women. These trials followed the same procedure as the experimental trials
and were intended to acclimate the participants to the procedure. The next two blocks included
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40 experimental trials each (without practice trials), yielding a total of 120 experimental trials
across the three blocks. The eyetracker was calibrated before each block onset (i.e., a total of 3
times throughout the experiment). The calibration followed a standard 9-point procedure that
involved having the participant fixate on nine pre-determined points on the display area.

Prior to each trial, a small fixation point appeared on the center of the screen for 2 s to
ensure that all participants were looking at the same point of the screen at the beginning of
each trial. Following this, two images appeared and remained on the screen for 10 s. After this,
two questions appeared one at a time in the same order each time. The first asked “How sexu-
ally attracted were you to the man” and the second asked “How sexually attracted were you to
the woman”. Participants responded on a scale from 0 to 6 using the mouse.

Data Analysis
Eye movements. Eye movement data were recorded with Tobii StudioTM 2.2 software. Fix-

ation identification was calculated using the Tobii Fixation Filter, an algorithm that identifies
fixations and removes saccadic movements. The program measures the distance between
neighboring gaze points and calculates the eye movement velocity for all of the eye movements
sampled. The raw data points are assigned to the same fixation if the velocity remains below a
set threshold, or are assigned to a new fixation when the velocity rises above this threshold (dis-
persal threshold of 30 pixels corresponding to 0.9° and a minimum temporal duration of 100
ms). This enables accurate calculation of fixations and does not include saccadic movements in
the calculation of fixations.

In order to analyze attention towards the female and male sexual targets, we divided each
stimulus display into two regions of interest (ROIs); one corresponded with the image of the
male and the other corresponded with the image of the female. To eliminate any biases prior to
stimulus onset, only trials where the participant’s attention was focused on the center fixation
point for the 1s prior to the image pairs being presented were included in the analyses
described below. To examine initial attentional biases, we calculated two dependent variables
for each ROI. The ROI first fixated on within each trial (i.e., either to the image of the male or

Fig 1. Illustration of the time sequence of a single trial.

doi:10.1371/journal.pone.0152785.g001
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to the female) was recorded for each trial and then summed across trials [32, 40]. The latency
or time taken to first fixate on a ROI was also recorded and averaged across the trials [41].
Because participants were instructed to fixate on the center fixation point prior to trial onset,
first fixations were typically in the middle of the display. We characterized “first fixation” on
the female or male target as the first fixation independently generated by the participant.

To examine controlled or late attentional biases towards the female and male sexual targets,
we calculated total fixation duration and total fixation count for the two ROIs [32, 40]. Total
fixation duration was the total amount of time spent (in seconds) in the ROI across the 10 s of
presentation time, and the total fixation count was the number of fixations or times the partici-
pant’s gaze landed in the ROI. Of note, the total fixation count variable included the first fixa-
tion used in the initial attention variable number of first fixations. For each dependent variable,
a 2 (Stimulus Gender: Male, Female) by 2 (Participant Gender: Man, Woman) x 3 (Trial Block:
1, 2, 3) mixed model Analysis of Variance (ANOVA) was conducted. Greenhouse Geisser cor-
rected values are reported when the assumption of sphericity is violated. Significant interac-
tions were further examined using Toothaker’s mixed model t-tests [71]. Toothaker’s mixed
model t-tests maximize power by pooling the within- and between-subject error terms from
the omnibus ANOVA. To facilitate interpretation, all effect sizes will be reported as preferred
relative to nonpreferred targets.

Results

Self-reported Sexual Attraction Ratings
Given that the purpose of the study was to examine attentional biases to preferred and nonpre-
ferred stimuli, it was first important to examine whether participants did indeed report a pref-
erence for one target over another. Self-reported sexual attraction ratings for the experimental
stimuli were subject to the 2 X 2 X 3 ANOVA described above. The means and standard devia-
tions of the sexual attraction ratings as a function of ROI and Block are presented in Table 2.
The ANOVA revealed a significant interaction between Stimulus Gender and Participant Gen-
der, F(1, 73) = 542.85, p< .001, which was followed up using Toothaker’s t-tests for women
and men separately (see Fig 2a and 2b). Women reported significantly greater sexual attraction
to the male versus female targets, t(73) = 5.60, p< .001, d = 1.41. Men reported significantly
greater sexual attraction to the female versus male targets t(73) = 7.77, p< .001, d = 3.53. As
expected, our participants reported that they were significantly more sexually attracted to tar-
gets corresponding with their stated sexual orientation. Of note, mean attraction scores to pre-
ferred stimuli approached or fell within the “moderately sexually attracted” range, meaning
that neither men nor women reported a high degree of sexual attraction towards the images
presented.

Visual Attention
Initial attention: Number of first fixations and time to first fixation. Initial attentional

processes were assessed using the number of first fixations and the time taken to first fixation
to each of the ROIs. The means and standard deviations for these two factors as a function of
ROI and Block can be seen in Tables 3 and 4.

Number of first fixations. Number of first fixations captures initial orienting biases,
such that higher frequencies are suggestive of greater attentional capture. The results of the
2 X 2 X 3 ANOVA using the number of first fixations revealed a significant main effect of Stim-
ulus Gender, F(1, 73) = 17.12, p< .001, ηp

2 = .19. For both men and women, the mean number
of first fixations on female stimuli was significantly greater than the mean number of first fixa-
tions on male stimuli. There was a significant interaction between Trial Block and Participant
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Gender for number of first fixations, F(1.75, 127.45) = 4.24, p = .02. This interaction was exam-
ined by looking at the Trial Block effect using Toothaker’s t-tests separately by Participant
Gender. For women, there was no significant difference in number of first fixations across
blocks (all ps> .33 and d’s< .15; see Fig 3a). For men, there was a significant difference in the
number of first fixations between blocks 1 and 3, t(73) = 1.72, p = .009, d = .46, and blocks 2
and 3, t(73) = 2.28, p = .003, d = .63 (see Fig 3b), such that block 3 yielded significantly fewer
first fixations, on average, than the other two blocks. In sum, the number of first fixations was

Table 2. Average Self-reported Sexual Attraction by Block.

Men M (SD) Women M (SD)

Stimulus B1 B2 B3 B1 B2 B3

Male 0.40 0.26 0.62 2.35 2.01 2.13

(0.51) (0.39) (1.19) (0.94) (1.01) (1.06)

Female 3.31 3.31 3.10 0.89 0.86 0.83

(0.82) (0.83) (1.13) (0.79) (0.87) (0.86)

doi:10.1371/journal.pone.0152785.t002

Fig 2. Self-reported sexual attraction ratings for female andmale stimuli for women (a) andmen (b).
Error bars represent 95% CI.

doi:10.1371/journal.pone.0152785.g002
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gender-specific for men, and, counter to prediction, significantly greater to female versus male
targets in women. Stimulus familiarity did not influence patterns of gender-specificity and
nonspecificity, but rather fewer first fixations were observed in men in the third trial block,
which also coincided with fewer valid trials being included from block 3 for men.

Time to first fixation. We examined time to first fixation as another dependent measure
assessing initial attentional processes, whereby shorter latencies are indicative of attentional
bias. The interactions between Stimulus Gender and Trial Block, F(1.73, 126.48) = 6.12, p =
.004, Trial Block and Participant Gender, F(1.70, 124.24) = 4.80, p = .01, and Stimulus Gender
and Participant Gender, F(1, 73) = 40.42, p< .001 were all significant. To clarify these interac-
tions, we examined the effects of Stimulus Gender for each of the blocks separately for men
and women using Toothaker’s t-tests. For women, time to first fixation towards male or female
targets was not significantly different, across any of the blocks (all ps>. 16, all ds< .31; see
Fig 4a). Women did not exhibit a bias towards male or female targets with respect to time
taken to first fixation. In contrast, men oriented significantly more quickly to female than male
targets in each trial block, t(73) = 4.99, p< .001, d = 1.91, t(73) = 5.43, p< .001, d = 1.58, and
t(73) = 7.14, p< .001, d = 1.70, for blocks 1, 2, and 3, respectively (see Fig 4b). Time to first fix-
ation was therefore gender-nonspecific for women and gender-specific for men across all three
trial blocks.

Controlled attention: Total fixation duration and total fixation count. Controlled
attentional processes were assessed using total fixation duration and total fixation count for
each of the ROIs. The means and standard deviations for these two variables as a function of
ROI and Block can be seen in Tables 5 and 6.

Total fixation duration. Total fixation duration represents the total time a participant fix-
ated on a ROI, with longer durations indicating greater attentional engagement. The 2 X 2 X 3
ANOVA revealed a significant main effect of Trial Block on total fixation duration, F(1.67,
122.09) = 18.13, p< .001, ηp

2 = .20, such that total fixation durations decreased across blocks
(see Table 4; all ps< .03). There was a significant interaction between Stimulus Gender and
Participant Gender, F(1, 73) = 259.28, p< .001, which was followed up using Toothaker’s t-
tests separately by Participant Gender. Women looked significantly longer at male targets than

Table 3. Average Number of First Fixations by Block.

Men M (SD) Women M (SD)

Stimulus B1 B2 B3 B1 B2 B3

Male 14.23 15.50 11.32 16.09 16.85 15.36

(4.14) (4.13) (5.75) (5.13) (4.98) (4.11)

Female 18.04 18.36 16.04 18.77 18.70 18.37

(5.27) (4.78) (7.48) (4.43) (4.82) (4.99)

doi:10.1371/journal.pone.0152785.t003

Table 4. Average Time (s) to First Fixation by Block.

Men M (SD) Women M (SD)

Stimulus B1 B2 B3 B1 B2 B3

Male 1.71 1.76 1.96 1.26 1.16 1.14

(.62) (.82) (1.00) (.45) (.38) (.39)

Female 0.84 0.81 0.71 1.31 1.32 1.13

(.20) (.24) (.28) (.62) (.63) (.54)

doi:10.1371/journal.pone.0152785.t004
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female targets, t(73) = 4.38, p< .001, d = 1.30 (see Fig 5a) and men looked significantly longer
at female targets than male targets t(73) = 8.44, p< .001, d = 4.48 (see Fig 5b). That is, both
women and men showed gender-specific patterns of total fixation duration.

Total fixation count. We examined the total number of fixations in a ROI (total fixation
count), with more fixations indicating greater attentional capture and engagement. There was
a significant main effect of Trial Block, F(1.60, 115.31) = 26.75, p< .001, ηp

2 = .27, such that
total fixation count decreased across blocks (see Table 6; all ps< .001). The interaction between
Stimulus Gender and Participant Gender was significant, F(1, 72) = 208.51, p< .001, and was
followed up using Toothaker’s t-tests separately by Participant Gender. Women had signifi-
cantly more fixations on male than female targets, t(73) = 2.81, p = .01, d = .85 (see Fig 6a) and
men had significantly more fixations on female than male targets t(73) = 6.74, p< .001,
d = 3.83 (see Fig 6b); that is, both women and men showed gender-specific patterns for their
total fixation counts.

Previous research has reported interesting differences in gaze patterns and self-reported
arousal dependent on women’s hormonal status [47, 72, 73]. We did not have any a priori
hypotheses about hormonal status or hormonal contraceptive use and specificity of visual

Fig 3. Number of first fixations towards female andmale stimuli for women (a) andmen (b). Error bars
represent 95% CI.

doi:10.1371/journal.pone.0152785.g003
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attention, but examined the effect of hormonal contraceptive use post-hoc. Hormonal con-
traceptive use did not significantly impact women’s patterns of results for any of the dependent
measures (all ps> .11).

Relationship between Visual Attention and Self-reported Attraction
We examined the relationship between gaze times and self-reported attraction ratings using
within-subjects Pearson correlations and compared the strength of these correlations for men

Fig 4. Time taken to first fixate on female andmale stimuli for women (a) andmen (b). Error bars
represent 95% CI.

doi:10.1371/journal.pone.0152785.g004

Table 5. Average Total Fixation Duration (s) by Block.

Men M (SD) Women M (SD)

Stimulus B1 B2 B3 B1 B2 B3

Male 2.32 1.97 1.84 4.92 4.77 4.45

(.77) (.81) (.82) (1.09) (1.09) (1.27)

Female 6.32 6.37 5.98 3.57 3.34 3.04

(.84) (.94) (1.37) (.94) (.97) (1.07)

doi:10.1371/journal.pone.0152785.t005
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and women using Fisher’s z-transformation. Within-subjects correlations were used to assess
the concordance of gaze time and self-reported attraction ratings across the 40 trials within
each block for men and women separately. Gaze times and self-reported attraction ratings
were significantly correlated for women (r(53) = .47, .49, and .47, respectively for blocks 1, 2,
and 3) and for men (r(22) = .76, .75, and .68). The gender difference in the relationship
between gaze and self-reported attraction was significant for Block 1, z = -1.74, p = .04; but not

Table 6. Average Total Fixation Count by Block.

Men M (SD) Women M (SD)

Stimulus B1 B2 B3 B1 B2 B3

Male 5.43 4.76 4.58 10.09 9.80 9.04

(1.49) (1.67) (2.42) (2.03) (2.41) (2.48)

Female 12.32 12.08 11.61 8.36 7.78 7.04

(1.55) (1.67) (2.31) (2.08) (2.24) (2.38)

doi:10.1371/journal.pone.0152785.t006

Fig 5. Total fixation duration on female andmale stimuli for women (a) andmen (b). Error bars
represent 95% CI.

doi:10.1371/journal.pone.0152785.g005
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for Blocks 2 or 3 (zs = -1.55 and -1.13, ps = .06 and .13, respectively). Between-subjects correla-
tions were used to examine the relationship between average gaze times and average self-
reported attraction ratings to male and female stimuli across participants, to determine
whether gender cues had an impact on the strength of the relationship. The strength of these
correlations was then compared using asymptotic z-tests [74]. Across men and women,
gaze times and self-reported attraction ratings were significantly positively correlated for male
(r(75) = .71, .68, .47, all ps< .001 for blocks 1, 2, and 3, respectively) and female stimuli
(r(75) = .82, .82, and .51, all ps< .001). The between-subjects correlation for female stimuli
during Block 2 was significantly stronger than the between-subjects correlation for male stimuli
(z = -2.21, p = .03). In contrast, there were no significant differences in the strength of the
correlations between the female and male stimuli during Blocks 1 and 3 (z = -1.85, p = .06,
z = -0.35, p = .72, respectively).

Discussion
The current study examined the gender-specificity of initial and controlled visual attention to
sexual stimuli in androphilic women and gynephilic men using a motivated-viewing paradigm.

Fig 6. Total number of fixations on female andmale stimuli for women (a) andmen (b). Error bars
represent 95% CI.

doi:10.1371/journal.pone.0152785.g006
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Based on predictions generated from the IPM with respect to attentional biases towards sexu-
ally-preferred and nonpreferred sexual targets, as well as gender differences in the specificity of
genital and self-reported sexual arousal (e.g., [4, 5]), we expected to find a gender difference in
patterns of visual attention. Specifically, we expected that gynephilic men would show an atten-
tional bias towards preferred sexual targets, whereas androphilic women would not.

We predicted that, for men, sexually-preferred targets would be prioritized by the atten-
tional system, such that they would attract attention more frequently and for significantly lon-
ger duration compared to nonpreferred sexual targets. Consistent with these predictions, men
showed both initial (faster time to first fixation and proportion of first fixations) and controlled
(total fixation duration and number of fixations) attentional biases towards female targets.
Together, these findings support the hypothesis that men’s attentional system is biased towards
the detection of sexually-preferred cues.

Consistent with one of our predictions, women’s patterns of initial attentional engagement
were generally gender-nonspecific, such that women oriented similarly quickly to preferred
targets and nonpreferred targets. Interestingly, using an alternate measure of initial attention,
women oriented more often to nonpreferred targets, which is indicative of gender-specificity
but in a direction incongruent with their self-stated attractions. Our finding that women’s ini-
tial attention was not biased towards their preferred gender is consistent with the findings of
other researchers interested in assessing automatic processing of sexual cues in androphilic
women [75, 76]. According to the IPM, the implicit processing of sexual cues is hypothesized
to reflexively activate a genital response [18]. Thus, if women’s patterns of initial attention are
nonspecific, this could contribute to the gender-nonspecific patterns of genital responding.
Contrary to our prediction and the gender-nonspecific patterns observed in earlier studies of
visual attention using images of couples [44–47], women showed a gender-specific pattern for
the controlled attention variables such that preferred targets (images of males) captured atten-
tion for significantly longer durations and significantly more often than images of nonpre-
ferred targets (females). Despite both genders exhibiting controlled attentional biases towards
sexually-preferred targets, this effect was stronger among men; as noted above, we also
observed a gender difference in initial attention processing. Together, these results suggest that
the processing of preferred and nonpreferred sexual stimuli is gendered, and may account for
differences in response patterns observed in the current study and the broader literature.

Gendered Processing of Sexual Cues
A number of studies have examined gendered processing of sexual cues in gynephilic men and
androphilic women. Janssen et al. [18] and later Spiering et al. [20, 77] observed that sexual
cues were pre-attentively processed (i.e., outside of conscious awareness) in men but not
women [77]. In a sample of androphilic women, Spiering et al. [77] used the paradigm from
Janssen et al. and found that women were not faster at identifying sexual images after the sub-
liminal presentation of sexual images, suggesting a lack of implicit processing of sexual content
among women and a notable gender effect. In a second experiment, they observed that sexual
primes facilitated sexual target recognition in women for more sexually-explicit images (i.e.,
clearly depicting genitals) but not for less sexually-explicit stimuli (i.e., no genitals depicted).
Together, these studies suggest that the initial processing of sexual cues may differ for men and
women and may be dependent on the explicitness of the sexual cues presented.

In the current study, women exhibited a gender-nonspecific pattern of initial attention,
whereas men’s initial attention patterns were gender-specific. In light of the findings of Spier-
ing et al. [77] and Janssen et al. [18], it is possible that these gender differences reflect atten-
tional systems that have both evolved to quickly detect sexual cues, but that what constitutes a
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sexually-relevant cue differs for gynephilic men and androphilic women. Using implicit mea-
sures, Snowden and Gray [21] observed that both sexually-preferred and nonpreferred cues
were automatically appraised as sexual for androphilic women, whereas only sexually-preferred
cues were appraised as sexual for men at this initial processing stage. In our study, men prefer-
entially attended to preferred sexual cues, thereby exhibiting an initial attentional bias whereas,
for women, both preferred and nonpreferred sexual cues were detected at a similar speed. It is
possible, then, that gender differences in the appraisal of these stimuli as sexual are responsible
for the gendered patterns of initial attention.

Spiering et al. [77] hypothesized that other factors—which they did not explore directly
(e.g., sexual motivation)—may influence implicit and explicit processing of sexual stimuli
resulting in quantitative differences between men and women (i.e., differences in the magni-
tude of the effects). For example, Bradley et al. [49] observed that ratings of sexual disgust were
negatively correlated with gaze times towards nude images of males and females in women, but
not in men. Data from the current study may shed further light onto factors related to the gen-
dered processing of sexual cues. Men and women reported that they were significantly more
sexually-attracted to the images depicting preferred targets than to the images of nonpreferred
targets (i.e., explicit processing); however, similar to the pattern observed for controlled atten-
tion, this effect was stronger in men. We also found that men’s and women’s fixation durations
were highly correlated with their ratings of sexual attraction. Interestingly, we observed a stron-
ger relationship between ratings of stimulus attraction and gaze times in men than in women
but only for the first trial block, providing partial support for the interpretation that gender
influences the relationship between attention to sexual cues and the subjective experience of
sexual attraction or motivation to attend to such cues.

Gendered Information-Processing Systems
If we assume that the processing of sexual cues is gendered in gynephilic men and androphilic
women, and that this contributes to gender differences in visual attention, then the question
arises as to why gendered systems would develop? Within the broader cognitive and emotion
literature, there is an abundance of evidence supporting the notion that the human attentional
system is prepared to detect fitness-relevant (e.g., threatening) stimuli in the environment
(reviewed in [78, 79]), enabling the individual to prepare for action (e.g., to avoid or engage a
potential threat). Based on ancestral gender roles and parental investment differences, Bjork-
lund and Kipp [80] hypothesized that gendered information-processing mechanisms may have
evolved as part of sexual strategies. Given the different risks inherent in the ancestral environ-
ment, women and men may have developed gendered attentional systems that are differentially
attuned to the detection of sexual cues. Men would have benefited from having an attentional
system capable of quickly detecting preferred sexual targets as this would have facilitated a
strategy whereby mating opportunities are maximized. In comparison, minimum reproductive
costs are much higher for women (e.g., 9 months of gestation and years of child-rearing versus
perhaps a few minutes of intercourse) [81]; as such, women may have developed attentional
systems attuned to the detection of all sexual cues, in order to approach or avoid sexual
encounters based on an evaluation of mate quality. In addition, there is substantial evidence to
suggest that, within the ancestral environment, women were threatened by unwanted sexual
experiences [82]; therefore, women’s attentional system may have evolved the capacity to rap-
idly detect sexual cues (preferred or nonpreferred) in order to avoid these threats or to physi-
cally prepare the body for sexual activity [83].

Researchers have postulated that women’s genital responses are reflexively activated by sex-
ual cues—provided the stimuli contain a frankly sexual cue—irrespective of whether the cues
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are preferred or nonpreferred, in order to protect the vaginal lumen from potential injury [4, 5,
11, 83–86]. If automatic processing of sexual stimuli involves the initial detection of sexually-
relevant features in order to trigger a sexual response, then it is possible that our finding of
nonspecific initial attention in androphilic women is responsible for the activation of nonspe-
cific genital response patterns. Controlled attention, on the other hand, involves the elaborative
processing of sexual cues, and was strongly related to reported attraction in both genders. Con-
trolled attention patterns were gender-specific for gynephilic men and androphilic women,
and as such may be more strongly related to patterns of self-reported arousal or sexual
orientation.

Future Directions
The finding that women’s controlled attention was gender-specific differs from the patterns of
nonspecificity of visual attention and genital response that have been reported in the literature
[4, 5, 8, 11, 13–17, 44–48]. We hypothesize that differences in the duration and types of stimuli
used in these studies may contribute to these seemingly discrepant findings. We presented two
sexually-explicit single-target images simultaneously for 10 seconds, which is considerably
shorter duration than the 90 to 120 seconds of coupled or individual sexual stimuli typically
used to assess specificity of sexual response and the coupled stimuli used in studies of visual
attention. In the current study, we observed gender-nonspecific patterns of initial attention in
androphilic women, whereas specificity of attention emerged during the presentation of the sti-
muli. It is possible that, if stimuli were presented for longer durations, nonspecific controlled
attention patterns in androphilic women would emerge. An alternate, but not necessarily
mutually exclusive hypothesis is that initial attentional processes trigger an automatic genital
response that is not inhibited during the explicit processing of lengthier stimuli, which may
involve gender-specific controlled attention in androphilic women.

The stimuli used in the current study also differed from those typically used in studies of
visual attention and sexual arousal, such that we presented static nude images of individuals in
sexually aroused states, rather than images or dynamic stimuli of individuals or couples engag-
ing in sexual activities. These stimulus features (e.g., movement or contextual cues) in combi-
nation with, or independent of, stimulus length may also affect the explicit processing of sexual
stimuli and subsequent attention and/or genital responding. Spape et al. [87] recently observed
specificity of genital response among androphilic women and gynephilic men when static
images of aroused genitals were used as stimuli. It is possible that stimuli with minimal contex-
tual cues may influence the explicit processing of sexual stimuli in such a way that features of
sexually-preferred targets are elaborated upon more fully than features of nonpreferred sexual
targets. Using dynamic videos as stimuli, Tsujimura et al. [48] observed a gender-nonspecific
pattern of controlled visual attention in women and a gender-specific pattern in men, suggest-
ing that contextual cues impact the explicit processing of sexual stimuli differently for men and
women. Future studies should assess visual attention and physiological arousal concurrently
using static and dynamic stimuli in order to further test the IPM and understand the potential
attentional mechanisms contributing to patterns of gender specificity and nonspecificity that
have been observed in the literature.

In the current study we sought to examine gender differences and similarities in attentional
biases to sexual cues in a sample of gynephilic men and androphilic women. Although we dis-
cuss our findings in terms of a gender difference and hypothesize gendered processing of sexual
cues, we recognize that comprehensive effects of gender are best examined using a more diverse
sample of individuals rather than a sample limited to gynephilic men and androphilic women.
Specifically, the inclusion of men and women of diverse sexual attractions, as well as cis- and
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transgender individuals, would allow for a more thorough examination of gender effects on
response patterns. We also note that our recruitment method was limited such that it resulted
in uneven samples of men and women, which may have impacted our ability to make gender
comparisons as the populations sampled may have differed from one another. Future research
should include a more diverse sample, as well as more comparable numbers of men and
women in order to draw firm conclusions about gender and sexual attractions (for example the
samples in [75, 76]).

Conclusions
The current study is the first to examine initial and controlled attention patterns in a sample of
androphilic women and gynephilic men. Initial and controlled attentional processing in gyne-
philic men serves to detect and attend to preferred sexual cues only (i.e., gender-specific
responding), whereas initial and controlled attentional processing in androphilic women yield
patterns of gender-nonspecificity and specificity, respectively. The observed patterns of initial
visual attention correspond nicely with genital response patterns observed in other studies and
provide preliminary evidence that attention may be one mechanism driving these effects. The
strong relationship between controlled attention and sexual attraction supports the use of the
forced attention paradigm for assessing sexual preference in both androphilic women and
gynephilic men.

Acknowledgments
The authors would like to thank Katrina Bouchard, Jackie Huberman, Michael Seto, and Kelly
Suschinsky for their thoughtful suggestions on an earlier version of this paper. This paper was
presented at the annual meetings of the International Academy of Sex Research in Toronto,
ON, Canada, 2015 and Canadian Sex Research Forum, Kingston, ON, Canada, 2014.

Author Contributions
Conceived and designed the experiments: SJD MLC. Performed the experiments: SJD. Ana-
lyzed the data: SJD. Contributed reagents/materials/analysis tools: SJD MLC. Wrote the paper:
SJD MLC.

References
1. Bancroft J. Sexual Arousal. In Nadel L. (Ed.), Encyclopedia of Cognitive Science. New York: Nature

Publications; 2003.

2. de Jong DC. The role of attention in sexual arousal: Implications for treatment of sexual dysfunction. J
Sex Res. 2009; 46:237–248. doi: 10.1080/00224490902747230 PMID: 19308846

3. Blanchard R, Klassen P, Dickey R, Kuban ME, Blak T. Sensitivity and specificity of the phallometric test
for pedophilia in nonadmitting sex offenders. Psychol Assessment. 2001; 13:118–126.

4. Chivers ML, Rieger G, Latty E, Bailey JM. A sex difference in the specificity of sexual arousal. Psychol
Sci. (2004); 15:736–744. PMID: 15482445

5. Chivers ML, Seto MC, Blanchard R. Gender and sexual orientation differences in sexual response to
sexual activities versus gender of actors in sexual films. J Pers Soc Psychol. 2007; 93:1108–1121.
PMID: 18072857

6. Freund K, Blanchard R. Phallometric diagnosis of pedophilia. J Consult Clin Psych. 1989; 57:100–105.

7. Freund K, Watson RJ. Assessment of the sensitivity and specificity of a phallometric test: An update of
phallometric diagnosis of pedophilia. Psychol Assess: J Consult Clin Psych, 1991; 3:254–260.

8. Huberman JS, Chivers ML. Examining gender specificity of sexual response with concurrent thermog-
raphy and plethysmography. Psychophysiology, 2015; 52:1382–1395. doi: 10.1111/psyp.12466 PMID:
26153384

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 18 / 22

http://dx.doi.org/10.1080/00224490902747230
http://www.ncbi.nlm.nih.gov/pubmed/19308846
http://www.ncbi.nlm.nih.gov/pubmed/15482445
http://www.ncbi.nlm.nih.gov/pubmed/18072857
http://dx.doi.org/10.1111/psyp.12466
http://www.ncbi.nlm.nih.gov/pubmed/26153384


9. Rieger G, Chivers ML, Bailey JM. Sexual arousal patterns of bisexual men. Psychol Sci. 2005; 16:579–
584. PMID: 16102058

10. Seto MC, Lalumière ML, Blanchard R. The discriminative validity of a phallometric test for pedophilic
interests among adolescent sex offenders against children. Psychol Assessment. 2000; 12:319–327.

11. Suschinsky KD, Lalumière ML, Chivers ML. Sex differences in patterns of genital sexual arousal: Mea-
surement artifacts or true phenomena? Arch Sex Behav. 2009; 38:559–573. doi: 10.1007/s10508-008-
9339-8 PMID: 18343987

12. Tollison CD, Adams HE, Tollison JW. Cognitive and physiological indices of sexual arousal in homo-
sexual, bisexual, and heterosexual males. J Behav Assess. 1979; 1:305–314.

13. Chivers ML, Bailey JM. A sex difference in features that elicit genital response. Biol Psychol. 2005;
70:115–120. PMID: 16168255

14. Chivers ML, Timmers AD. Effects of gender and relationship context in audio narratives on genital and
subjective sexual response in heterosexual women and men. Arch Sex Behav. 2012; 41:185–197. doi:
10.1007/s10508-012-9937-3 PMID: 22406875

15. Peterson ZD, Janssen E, Laan E. Women’s sexual responses to heterosexual and lesbian erotica: The
role of stimulus intensity, affective reaction, and sexual history. Arch Sex Behav. 2010; 39:880–897.
doi: 10.1007/s10508-009-9546-y PMID: 19856092

16. Steinman DL, Wincze JP, Barlow DH, Mavissakalian M. A comparison of male and female patterns of
sexual arousal. Arch Sex Behav.1981; 10:529–547. PMID: 7332486

17. Wincze JP, Qualls CB. A comparison of structural patterns of sexual arousal in male and female homo-
sexuals. Arch Sex Behav.1984; 13:361–370. PMID: 6487079

18. Janssen E, EveraerdW, Spiering M, Janssen J. Automatic processes and the appraisal of sexual sti-
muli: Toward an information processing model of sexual arousal. J Sex Res. 2000; 37:8–23.

19. Ponseti J, Bosinski HA. Subliminal sexual stimuli facilitate genital response in women. Arch Sex Behav.
2010; 39:1073–1079. doi: 10.1007/s10508-009-9587-2 PMID: 20041283

20. Spiering M, Everaerd W, Janssen E. Priming the sexual system: Implicit versus explicit activation. J
Sex Res. 2003; 40:134–145. PMID: 12908121

21. Snowden RJ, Gray NS. Implicit sexual associations in heterosexual and homosexual women and men.
Arch Sex Behav. 2013; 42:475–485. doi: 10.1007/s10508-012-9920-z PMID: 22350127

22. Cerny JA. Biofeedback and the voluntary control of sexual arousal in women. Behav Ther. 1978;
9:847–855.

23. Heiman JR, Rowland DL. Affective and physiological sexual response patterns: The effects of instruc-
tions on sexually functional and dysfunctional men. J PsychosomRes.1983; 27:105–116. PMID:
6683315

24. Laan E, EveraerdW, Van Aanhold MT, Rebel M. Performance demand and sexual arousal in women.
Behav Res Ther. 1993; 31:25–35. PMID: 8417725

25. Sheen J, Koukounas E. The role of absorption in women's sexual response to erotica: A cognitive-
affective investigation. J Sex Res. 2009; 46:358–365. doi: 10.1080/00224490902775843 PMID:
19253136

26. Beck JG, Baldwin LE. Instructional control of female sexual responding. Arch Sex Behav. 1994;
23:665–684. PMID: 7872861

27. Dekker J, EveraerdW, Verhelst N. Attending to stimuli or to images of sexual feelings: Effects on sexual
arousal. Behav Res Ther.1985; 23:139–149. PMID: 4004693

28. Lalumière ML, Earls CM. Voluntary control of penile responses as a function of stimulus duration and
instructions. Behavioral Assessment. 1992; 14:121–132.

29. Laws DR, Rubin HB. Instructional control of an autonomic sexual response. J Appl Behav Anal.1969;
2:93–99. PMID: 16795214

30. Huberman JS, Maracle AC, Chivers ML. Gender-Specificity of Women's and Men's Self-Reported
Attention to Sexual Stimuli. J Sex Res. in press;1–13.

31. Henderson JM, Hollingworth A. High-level scene perception. Annu Rev Psychol. 1999; 50:243–271.
PMID: 10074679

32. Calvo MG, Lang PJ. Gaze patterns when looking at emotional pictures: Motivationally biased attention.
Motiv Emotion. 2004; 28:221–243.

33. Hoffman JE. Visual attention and eye movements. Attention. 1998; 31:119–153.

34. Henderson JM. Visual attention and eye movement control during reading and picture viewing. In: Eye
Movements and Visual Cognition. New York: Springer; 1992. p.260–283.

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 19 / 22

http://www.ncbi.nlm.nih.gov/pubmed/16102058
http://dx.doi.org/10.1007/s10508-008-9339-8
http://dx.doi.org/10.1007/s10508-008-9339-8
http://www.ncbi.nlm.nih.gov/pubmed/18343987
http://www.ncbi.nlm.nih.gov/pubmed/16168255
http://dx.doi.org/10.1007/s10508-012-9937-3
http://www.ncbi.nlm.nih.gov/pubmed/22406875
http://dx.doi.org/10.1007/s10508-009-9546-y
http://www.ncbi.nlm.nih.gov/pubmed/19856092
http://www.ncbi.nlm.nih.gov/pubmed/7332486
http://www.ncbi.nlm.nih.gov/pubmed/6487079
http://dx.doi.org/10.1007/s10508-009-9587-2
http://www.ncbi.nlm.nih.gov/pubmed/20041283
http://www.ncbi.nlm.nih.gov/pubmed/12908121
http://dx.doi.org/10.1007/s10508-012-9920-z
http://www.ncbi.nlm.nih.gov/pubmed/22350127
http://www.ncbi.nlm.nih.gov/pubmed/6683315
http://www.ncbi.nlm.nih.gov/pubmed/8417725
http://dx.doi.org/10.1080/00224490902775843
http://www.ncbi.nlm.nih.gov/pubmed/19253136
http://www.ncbi.nlm.nih.gov/pubmed/7872861
http://www.ncbi.nlm.nih.gov/pubmed/4004693
http://www.ncbi.nlm.nih.gov/pubmed/16795214
http://www.ncbi.nlm.nih.gov/pubmed/10074679


35. Mogg K, Garner M, Bradley BP. Anxiety and orienting of gaze to angry and fearful faces. Biol Psychol.
2007; 76:163–169. PMID: 17764810

36. Mogg K, Millar N, Bradley BP. Biases in eye movements to threatening facial expressions in general-
ized anxiety disorder and depressive disorder. J Abnorm Psychol. 2000; 109:695–704. PMID:
11195993

37. Gerdes AB, Pauli P, Alpers GW. Toward and away from spiders: Eye-movements in spider-fearful par-
ticipants. J Neural Trans. 2009; 116:725–733.

38. Rinck M, Becker ES. Spider fearful individuals attend to threat, then quickly avoid it: evidence from eye
movements. J Abnorm Psychol. 2006; 115: 231–238. PMID: 16737388

39. Bradley BP, Mogg K, Millar NH. Covert and overt orienting of attention to emotional faces in anxiety.
Cognition Emotion. 2000; 14:789–808.

40. Fromberger P, Jordan K, von Herder J, Steinkrauss H, Nemetschek R, Stolpmann G, et al. Initial orient-
ing towards sexually relevant stimuli: Preliminary evidence from eye movement measures. Arch Sex
Behav. 2012; 41:919–928. doi: 10.1007/s10508-011-9816-3 PMID: 21792688

41. Nummenmaa L, Hyönä J, Calvo MG. Eye movement assessment of selective attentional capture by
emotional pictures. Emotion. 2006; 6:257–268. PMID: 16768558

42. Hermans D, Vansteenwegen D, Eelen P. Eye movement registration as a continuous index of attention
deployment: Data from a group of spider anxious students. Cognition Emotion. 1999; 13:419–434.

43. Rohner JC. The time course of visual threat processing: High- trait anxious individuals eventually avert
their gaze from angry faces. Cognition Emotion. 2002; 16:837–844.

44. Lykins AD, MeanaM, KambeG. Detection of differential viewing patterns to erotic and non-erotic stimuli
using eye-tracking methodology. Arch Sex Behav. 2006; 35:569–575. PMID: 17031585

45. Lykins AD, Meana M, Strauss GP. Sex differences in visual attention to erotic and non-erotic stimuli.
Arch Sex Behav. 2008; 37:219–228. PMID: 17668312

46. Nummenmaa L, Hietanen JK, Santtila P, Hyönä J. Gender and visibility of sexual cues influence eye
movements while viewing faces and bodies. Arch Sex Behav. 2012; 41:1439–1451. doi: 10.1007/
s10508-012-9911-0 PMID: 22402995

47. Rupp HA, Wallen K. Sex differences in viewing sexual stimuli: An eye-tracking study in men and
women. Horm Behav. 2007; 51:524–533. PMID: 17362952

48. Tsujimura A, Miyagawa Y, Takada S, Matsuoka Y, Takao T, Hirai T, et al. Sex differences in visual
attention to sexually explicit videos: A preliminary study. J Sex Med. 2009; 6:1011–1017. doi: 10.1111/
j.1743-6109.2008.01031.x PMID: 19175861

49. Bradley MM, Costa VD, Lang PJ. Selective looking at natural scenes: Hedonic content and gender. Int
J Psychophysiol. 2015; 98:54–58 doi: 10.1016/j.ijpsycho.2015.06.008 PMID: 26156939

50. Fromberger P, Jordan K, Steinkrauss H, von Herder J, Witzel J, Stolpmann G, et al. (2012). Diagnostic
accuracy of eye movements in assessing pedophilia. J Sex Med. 2012; 9:1868–1882 doi: 10.1111/j.
1743-6109.2012.02754.x PMID: 22548761

51. Fromberger P., Jordan K., Steinkrauss H., Von Herder J., Stolpmann G., Kröner-Herwig B., et al. Eye
movements in pedophiles: Automatic and controlled attentional processes while viewing prepubescent
stimuli. J Abnorm Psychol. 2013; 122:587–599. doi: 10.1037/a0030659 PMID: 23206281

52. Chivers ML., Bouchard KN, & Timmers AD. Straight but not narrow; Within-gender variation in the gen-
der-specificity of women’s sexual response. PLOS ONE. 2015; 10: e0142575. doi: 10.1371/journal.
pone.0142575 PMID: 26629910

53. Henderson JM. Human gaze control during real-world scene perception. Trends Cogn Sci. 2003;
7:498–504. PMID: 14585447

54. Boudo G, Sarlo M, Palomba D. Attentional resources measured by reaction times highlight differences
within pleasant and unpleasant, high arousing stimuli. Motiv Emotion. 2002; 26:123–138.

55. Forsythe A, Mulhern G, Sawey M. Confounds in pictorial sets: The role of complexity and familiarity in
basic-level picture processing. Behav Res Methods. 2008; 40:116–129. PMID: 18411534

56. Kinsey AC, PomeroyWB, Martin CE. Sexual behavior in the humanmale. Philedelphia: Saunders;
1948.

57. Kinsey AC, PomeroyWB, Martin CE, Gebhard PH. Sexual behavior in the human female. Philadelphia:
Saunders; 1953.

58. Spector IP, Carey MP, Steinberg L. The Sexual Desire Inventory: Development, factor structure, and
evidence of reliability. J Sex Marital Ther. 1996; 22:175–190. PMID: 8880651

59. Fisher WA, White LA, Byrne D, Kelley K. Erotophobia-erotophilia as a dimension of personality. J Sex
Res. 1988; 25:123–151.

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 20 / 22

http://www.ncbi.nlm.nih.gov/pubmed/17764810
http://www.ncbi.nlm.nih.gov/pubmed/11195993
http://www.ncbi.nlm.nih.gov/pubmed/16737388
http://dx.doi.org/10.1007/s10508-011-9816-3
http://www.ncbi.nlm.nih.gov/pubmed/21792688
http://www.ncbi.nlm.nih.gov/pubmed/16768558
http://www.ncbi.nlm.nih.gov/pubmed/17031585
http://www.ncbi.nlm.nih.gov/pubmed/17668312
http://dx.doi.org/10.1007/s10508-012-9911-0
http://dx.doi.org/10.1007/s10508-012-9911-0
http://www.ncbi.nlm.nih.gov/pubmed/22402995
http://www.ncbi.nlm.nih.gov/pubmed/17362952
http://dx.doi.org/10.1111/j.1743-6109.2008.01031.x
http://dx.doi.org/10.1111/j.1743-6109.2008.01031.x
http://www.ncbi.nlm.nih.gov/pubmed/19175861
http://dx.doi.org/10.1016/j.ijpsycho.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26156939
http://dx.doi.org/10.1111/j.1743-6109.2012.02754.x
http://dx.doi.org/10.1111/j.1743-6109.2012.02754.x
http://www.ncbi.nlm.nih.gov/pubmed/22548761
http://dx.doi.org/10.1037/a0030659
http://www.ncbi.nlm.nih.gov/pubmed/23206281
http://dx.doi.org/10.1371/journal.pone.0142575
http://dx.doi.org/10.1371/journal.pone.0142575
http://www.ncbi.nlm.nih.gov/pubmed/26629910
http://www.ncbi.nlm.nih.gov/pubmed/14585447
http://www.ncbi.nlm.nih.gov/pubmed/18411534
http://www.ncbi.nlm.nih.gov/pubmed/8880651


60. Graham CA, Sanders SA, Milhausen RR. The sexual excitation/sexual inhibition inventory for women:
Psychometric properties. Arch Sex Behav. 2006; 35:397–409. PMID: 16900415

61. Janssen E, Vorst H, Finn P, Bancroft J. The Sexual Inhibition (SIS) and Sexual Excitation (SES) Scales:
I. Measuring sexual inhibition and excitation proneness in men. J Sex Res. 2002; 39:114–126. PMID:
12476243

62. Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra A. The international index of erectile
function (IIEF): a multidimensional scale for assessment of erectile dysfunction. Urology. 1997;
49:822–830. PMID: 9187685

63. Rosen C, Brown J, Heiman S, Leiblum C, Meston R, Shabsigh D, et al. The Female Sexual Function
Index (FSFI): a multidimensional self-report instrument for the assessment of female sexual function. J
Sex Marital Ther. 2000; 26:191–208. PMID: 10782451

64. Herbenick D, Reece M. Original Research- Outcomes Assessment: Development and Validation of the
Female Genital Self-Image Scale. J Sex Med. 2010; 7:1822–1830.

65. Herbenick D, Schick V, Reece M, Sanders SA, Fortenberry JD. The Development and Validation of the
Male Genital Self-Image Scale: Results from a Nationally Representative Probability Sample of Men in
the United States. J Sex Med. 2013; 10:1516–1525. PMID: 23551571

66. Cash TF, Szymanski ML. The development and validation of the Body-Image Ideals Questionnaire. J
Pers Asses. 1995; 64:466–477.

67. Olatunji BO, Cisler JM, Deacon BJ, Connolly K, Lohr JM. The Disgust Propensity and Sensitivity Scale-
Revised: Psychometric properties and specificity in relation to anxiety disorder symptoms. J Anxiety
Disord. 2007; 21:918–930. PMID: 17236747

68. Morrison MA, Morrison TG. Development and validation of a scale measuring modern prejudice toward
gay men and lesbian women. J Homosexual. 2003; 43:15–37.

69. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety disor-
der: the GAD-7. Arch Intern Med. 2006; 166:1092–1097. PMID: 16717171

70. Yarbus AL. Role of eye movements in visual process. Oxford, England;1965.

71. Toothaker LE. Multiple comparisons for researchers. Thousand Oaks, California, USA: Sage
Publications;1991.

72. Wallen K, Rupp HA. Women's interest in visual sexual stimuli varies with menstrual cycle phase at first
exposure and predicts later interest. Horm Behav. 2010; 57:263–268. doi: 10.1016/j.yhbeh.2009.12.
005 PMID: 20034495

73. Renfro KJ, Rupp HA, Wallen K. Duration of oral contraceptive use predicts women's initial and subse-
quent subjective responses to sexual stimuli. Horm Behav. 2015; 75:33–40. doi: 10.1016/j.yhbeh.2015.
07.013 PMID: 26204805

74. Steiger JH. Tests for comparing elements of a correlation matrix. Psychol Bull. 1980; 87:245–251.

75. Rieger G, Cash BM, Merrill SM, Jones-Rounds J, Dharmavaram SM, Savin-Williams RC. Sexual
arousal: The correspondence of eyes and genitals. Biol Psychol. 2015; 104:56–64. doi: 10.1016/j.
biopsycho.2014.11.009 PMID: 25603717

76. Rieger G, Savin-Williams RC. The eyes have it: Sex and sexual orientation differences in pupil dilation
patterns. PLOS ONE. 2012; 7:e40256. doi: 10.1371/journal.pone.0040256 PMID: 22870196

77. Spiering M, Everaerd W, Karsdorp P, Both S, Brauer M. Nonconscious processing of sexual informa-
tion: A generalization to women. J Sex Res. 2006; 43:268–281. PMID: 17599249

78. Öhman A. The role of the amygdala in human fear: automatic detection of threat. Psychoneuroendo-
crino. 2005; 30:953–958.

79. Pessoa L, Japee S, Ungerleider LG. Visual awareness and the detection of fearful faces. Emotion.
2005; 5:243. PMID: 15982091

80. Bjorklund DF, Kipp K. Parental investment theory and gender differences in the evolution of inhibition
mechanisms. Psychol Bull. 1996; 120:163. PMID: 8831295

81. Trivers RL. Parental investment and sexual selection. In: Campbell B., editor. Sexual selection and the
descent of man, Chicago: Aldine; 1972. p.136–179.

82. Lalumiere ML, Harris GT, Quinsey VL, Rice ME. The Causes of Rape: Understanding Individual Differ-
ences in Male Propensity for Sexual Aggression. Washington, DC: American Psychological Associa-
tion; 2005.

83. Laan E. Determinants of sexual arousal in women [unpublished doctoral dissertation]. Amsterdam
(NL): University of Amsterdam; 1994.

84. Laan E, Janssen E. How do men and women feel? Determinants of subjective experience of sexual
arousal. In: Janssen E, editor. The Psychophysiology of Sex. Bloomington (IN): Indiana University
Press; 2007. p. 278–290.

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 21 / 22

http://www.ncbi.nlm.nih.gov/pubmed/16900415
http://www.ncbi.nlm.nih.gov/pubmed/12476243
http://www.ncbi.nlm.nih.gov/pubmed/9187685
http://www.ncbi.nlm.nih.gov/pubmed/10782451
http://www.ncbi.nlm.nih.gov/pubmed/23551571
http://www.ncbi.nlm.nih.gov/pubmed/17236747
http://www.ncbi.nlm.nih.gov/pubmed/16717171
http://dx.doi.org/10.1016/j.yhbeh.2009.12.005
http://dx.doi.org/10.1016/j.yhbeh.2009.12.005
http://www.ncbi.nlm.nih.gov/pubmed/20034495
http://dx.doi.org/10.1016/j.yhbeh.2015.07.013
http://dx.doi.org/10.1016/j.yhbeh.2015.07.013
http://www.ncbi.nlm.nih.gov/pubmed/26204805
http://dx.doi.org/10.1016/j.biopsycho.2014.11.009
http://dx.doi.org/10.1016/j.biopsycho.2014.11.009
http://www.ncbi.nlm.nih.gov/pubmed/25603717
http://dx.doi.org/10.1371/journal.pone.0040256
http://www.ncbi.nlm.nih.gov/pubmed/22870196
http://www.ncbi.nlm.nih.gov/pubmed/17599249
http://www.ncbi.nlm.nih.gov/pubmed/15982091
http://www.ncbi.nlm.nih.gov/pubmed/8831295


85. Suschinsky KD, Lalumière ML. (2011). Prepared for anything? An investigation of female genital
arousal in response to rape cues. Psychol Sci. 2011; 22:159–165. doi: 10.1177/0956797610394660
PMID: 21189352

86. van Lunsen RH, Laan E. Genital vascular responsiveness and sexual feelings in midlife women:
Psychophysiologic, brain, and genital imaging studies. Menopause. 2004; 11:741–748. PMID:
15543026

87. Spape J, Timmers AD, Yoon S, Ponseti J, Chivers ML. Gender-specific genital and subjective sexual
arousal to prepotent sexual features in heterosexual women and men. Biol Psychol. 2014; 102:1–9.
doi: 10.1016/j.biopsycho.2014.07.008 PMID: 25058196

Gender-Specificity of Visual Attention in Women and Men

PLOSONE | DOI:10.1371/journal.pone.0152785 April 18, 2016 22 / 22

http://dx.doi.org/10.1177/0956797610394660
http://www.ncbi.nlm.nih.gov/pubmed/21189352
http://www.ncbi.nlm.nih.gov/pubmed/15543026
http://dx.doi.org/10.1016/j.biopsycho.2014.07.008
http://www.ncbi.nlm.nih.gov/pubmed/25058196

