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i
Abstract

Psychophysiological methods to study sexual response patterns in laboratory settings have
revealed an intriguing, and puzzling, gender/sex difference in the cue-specificity of genital
responses. Men’s penile responses differ across stimuli depending on the presence or absence of
specific sexual cues (e.g., gender and age of individuals in a sexual stimulus), with substantial
responses observed for cues that correspond with sexual preferences and much less response to
nonpreferred cues. This is not the case for women. Women'’s genital responses (vaginal
vasocongestion) are elicited by almost any sexual cue and the response magnitude is much less
affected by sexual preferences, particularly for heterosexual women. Even sexual stimuli rated as
sexually non-arousing and unappealing can elicit substantial vaginal responses. These findings
have inspired several research questions. In particular, what is the function of relatively low cue-
specificity in women? Are gender/sex differences in cue-specificity an artifact of the methods
used to assess genital responses in women and men? The four studies in this dissertation address
these questions by employing two novel devices to measure either genital lubrication or anal
vasocongestion. Results from two studies suggest that the degree of cue-specificity in women
depends on which aspect of the genital response is assessed: Genital lubrication was specific to
preferred sexual stimuli, whereas vaginal vasocongestion demonstrated low cue-specificity
across the entire stimulus duration. The other two studies focussed on developing and testing
methodologies related to anal photoplethysmography. The results indicate that, in its current
configuration, it would be premature to use anal photoplethysmography to study gender/sex
differences in sexual response patterns. Taken together, the research program highlights the
impact of measurement devices on sexual response patterns and underscores the importance of a
multidisciplinary, multi-methodology approach to studying sexual response patterns in women

and men.
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CHAPTER 1

General Introduction



Sexual psychophysiology involves the application of psychophysiological methods to the
study of sexual response, with an emphasis on the interactions between physiology and
psychology (Janssen, 2002). The human sexual response can consist of a complex interplay of
physiological, cognitive, affective, and behavioural processes and experiences that occur in
response to an internal (e.g., fantasy) or an external (e.g., audiovisual films) sexual stimulus
(Chivers, 2005; Laan & Everaerd, 1995). Sexual psychophysiological methods have been applied
to a wide array of research topics, including: models of sexual response (e.g., Janssen, Everaerd,
Spiering, & Janssen, 2000; Masters & Johnson, 1966); impact of learning, conditioning, and
habituation on sexual responsivity (e.g., Dawson, Lalumiere, Allen, Vasey, & Suschinsky,
2013); sexual orientation, preferences, and interests (e.g., Chivers, Bouchard, & Timmers, 2015;
Lalumiére, Babchishin, & Ebsworth, 2018); sex and gender differences in sexual response
patterns (e.g., Chivers, Rieger, Latty, & Bailey, 2004; Suschinsky, Lalumiere, & Chivers, 2009);
comparison across different measures of response (e.g., Bouchard, Chivers, & Pukall, 2017;
Dawson, Sawatsky, & Lalumiére, 2015); sexual offending and paraphilias (e.g., Blanchard,
Klassen, Dickey, Kuban, & Blak, 2001; Lalumiere, Quinsey, Harris, Rice, & Trautrimas, 2003);
and sexual dysfunction and treatment efficacy (e.g., Brotto, Chivers, Millman, & Albert, 2016;
Cherner & Reissing, 2013).

Early reports on the study of sexual response date back to the late 1800s and were
primarily focussed on the physiological determinants of sexual arousal (Mendelsohn, 1896, as
cited in Janssen, 2002). In the early-1900s, Van de Velde (1926) and Dickinson (1933) initiated
the systematic study and documentation of the physiology of sexual response. In his book
Human Sex Anatomy (1933), Dickinson wrote of the use of a glass tube to observe genital
response in women, marking one of the first laboratory assessments of sexual arousal. In two

pioneering scholarly works based on interviews with over 10,000 men and women, Kinsey



(Kinsey, Pomeroy, & Martin, 1948; Kinsey, Pomeroy, Martin, & Gebhard, 1953) reported on the
physiological changes that accompany sexual behaviour. The Kinsey reports also drew attention
to the psychological aspects of sexual arousal, with a focus on learning and conditioning, and to
differences and similarities between men and women. Kinsey paved the way for Masters and
Johnson (1956, 1966) whose foundational work spearheaded the modern laboratory approach to
the study of human sexuality. Masters and Johnson primarily used direct observation (e.g.,
cameras), but also introduced many psychophysiological methods (e.g., a speculum to measure
vaginal expansion, an electrode to measure vaginal pH) to examine genital changes during sexual
arousal, thus providing impetus for further development of measures of genital responses. Even
today, much of our understanding of the physiological events that characterize the sexual
response can be credited to Masters and Johnson.
The Genital Response

Male Genital Response

The penile erection is a hemodynamic response involving three cylindrical erectile
bodies—two corpora cavernosa and one corpus spongiosum—and the tunica albuginea, a sheath
of elastic fibres that envelops the corpora cavernosa (Janssen & Prause, 2016; Levin & Riley,
2007; Riley, 2004). The corpora cavernosa have a purely erectile function. The corpus
spongiosum contains the urethra, which provides the conduit for urination and ejaculation. The
erectile bodies of the three corpora consist of multiple interconnected sponge-like cavernosal
spaces, cavernous smooth muscle, and a fibro-elastic framework (Levin & Riley, 2007; Riley,
2004). In response to an effective sexual stimulus, the cavernous muscle relaxes and arterial
dilation occurs. Increased blood flow into the cavernosal spaces produces an expansion of the
erectile tissues. Expansion leads to a simultaneous compression of the veins against the tunica

albuginea, which prevents blood outflow. As the erectile tissues engorge with blood (i.e.,



vasocongestion), penile tumescence and rigidity increase (Janssen & Prause, 2016; Levin &
Riley, 2007; Riley, 2004). During ejaculation, secretions from the prostate, Cowper’s gland, and
seminal vesicles (containing spermatozoa) are propelled through the urethra by the rhythmic
contractions of pelvic floor muscles, mainly the bulbocavernosus and ischiocavernosus muscles
(Levin & Riley, 2007; Riley, 2004).

Female Genital Response

Genital changes associated with female sexual arousal include vaginal vasocongestion,
vulvar engorgement, genital lubrication, vaginal and introital dilation, and clitoral tumescence
(Levin, 2003; Levin & Riley, 2007; Masters & Johnson, 1966; Riley 2004). The vaginal canal is
lined by a squamous epithelium and is surrounded by two layers of smooth muscle (Levin, 1992;
Levin & Riley, 2007). In response to sexual stimulation, there is an increase in vasocongestion in
the vaginal epithelium (i.e., the tissues that surround the vaginal canal) that results from
increased arterial blood flow and venous vasoconstriction (Graziottin & Giraldi, 2006; Levin,
2004). Vaginal vasocongestion assessed with vaginal photoplethysmography increases within
seconds of the presentation of an audiovisual sexual stimulus (Laan & Everaerd, 1995; Laan &
Janssen, 2007; Suschinsky, 2012).

The increase in hydrostatic pressure within the vaginal capillaries forces plasma
transudate into the interstitial space around the blood vessels (Graziottin & Giraldi, 2006; Levin,
1992; Levin, 2003; Levin & Riley, 2007). As the interstitial space fills, the transudate permeates
through the intercellular channels of the epithelium, onto the surface of the vaginal canal. The
lubricative transudate initially appears as sweat-like droplets on the surface of the vaginal
epithelium (Masters, 1959). These tiny droplets of fluid eventually coalesce to form a lubricative
film that covers the vaginal wall (Graziottin & Giraldi, 2006; Levin, 2003) and is visible within

10 to 30 seconds of sexual stimulation (Masters & Johnson, 1966). The introitus and vulvar



structures become lubricated as fluid leaks from the vagina (Levin, 2003). Small amounts of
lubrication are also supplied by the Bartholin’s glands, located bilaterally at the introitus
(Berman & Bassuk, 2002; Janssen & Prause, 2016), and there is evidence that the labia produce
some lubrication in a process similar to that of the vagina (Levin, 2003; Riley & Riley, 1983).
Genital lubrication facilitates vaginal penetration, reducing the likelihood of genital pain, injury,
or infection caused by sexual activity (Levin, 2003).

The clitoral structure is complex, with external (visible) components (e.g., glans or head)
and internal components (e.g., crura or legs) that extend around the vagina and urethra to a
length of 7 to 13 cm (Graziottin, & Gambini, 2015; Graziottin & Giraldi, 2006; Levin & Riley,
2007; Riley 2004). The clitoris contains erectile tissue and is considered homologous to the penis
(Graziottin, & Gambini, 2015; Levin, 1992). Specifically, the vestibular bulbs of the crura appear
homologous to the corpus spongiosum in men (Janssen & Prause, 2016). The clitoral body also
consists of two corpora cavernosa. Upon sexual arousal, the clitoral structure engorges with
blood, but does not become as rigid as the penis because there is no subalbugineal layer to
constrict venous outflow (Graziottin, & Gambini, 2015; Janssen & Prause, 2016). According to
Riley (2004), tumescence of the clitoral structure (including the crura) contributes to cushioning,
which functions to minimize the risk of injury to the female genital tract during intercourse. On
cessation of the sexual arousal, vaginal vasocongestion dissipates and lubrication is reabsorbed
until the vagina returns to its basal (sexually unstimulated) moistness (Graziottin, & Gambini,
2015; Levin, 2003).

Models of Sexual Response

Based on their observational research, Masters and Johnson (1966) developed a highly

influential model of sexual response that comprises four distinct phases: excitement, plateau,

orgasm, and resolution. The Masters and Johnson model was particularly focused on genital and



extragenital physiological responses. Kaplan (1977) modified the Masters and Johnson model to
include an initial stage of sexual desire, highlighting a psychological component of sexual
arousal. Basson (2000) further expanded this concept by proposing that the manifestation of
sexual desire, and the motivational factors that trigger it, may be unique among women
(reviewed by Chivers & Brotto, 2017). Several other models of sexual arousal have been
developed (e.g., dual-control model; Bancroft & Janssen, 2000). A unifying feature of modern
models of sexual response is the inclusion of both psychological (cognitive, affective) and
physiological features, and their complex interactions.

The information processing model (IPM) of sexual response is widely cited in current
sexual psychophysiological research (Geer, Lapour, & Jackson, 1993; Janssen et al., 2000).
According to this model, there are both automatic (unconscious) and controlled (conscious)
cognitive processes that differentially impact the physiological and affective components of
sexual arousal. In the initial processing stage, a cue that automatically evokes sexual meaning in
memory is appraised as sexual. The detection of a sexually relevant cue triggers the attentional
system and reflexively activates the genital response. According to the IPM, subsequent
conscious processing of the sexual cue (and possibly the awareness of the initial genital
response) is responsible for the self-reported feelings or experience of sexual arousal and the
proliferation of the sexual response.

The notion that different components of the sexual response can be impacted by different
mechanisms is consistent with findings from psychophysiological research showing that genital
and self-reported sexual response are not necessarily highly associated (i.e., concordant). On
average, the concordance between genital response and self-reported sexual arousal is stronger in
men (r = .66) than in women (r = .26; meta-analysis by Chivers, Seto, Lalumiére, Laan, &

Grimbos, 2010). There is also substantial individual variation in sexual concordance estimates,



particularly among women (see Chivers & Brotto, 2017)—a finding that will be discussed in
more detail below. Variation in the degree of association between different aspects of the sexual
response highlights the importance of integrating self-report and physiological measures in
sexual psychophysiological research.
Psychophysiological Measures

Self-Report Measures

In psychophysiology studies, self-reported sexual arousal is typically assessed using
discrete and/or continuous indices of sexual arousal (Chivers, Suschinsky, Timmers, & Bossio,
2014; Huberman, Suschinsky, Lalumiere, & Chivers, 2013). With discrete methods, participants
rate aspects of sexual arousal at select time points, such as immediately following the
presentation of a sexual stimulus. For instance, a participant may be asked to rate their overall
feelings of sexual arousal (e.g., “How sexually aroused did the video make you feel?”) or their
perception of genital response (e.g., “How sexually aroused do your genitals feel?”) according a
Likert-type rating scale (e.g., 0-9). Post-stimulus questions can also be used to solicit
information about specific genital sensations (e.g., throbbing), autonomic responses (e.g.,
increased heart rate), affective reactions (e.g., excited), or cognitive states (e.g., curious; e.g.,
Heiman & Rowland, 1983, Laan, Everaerd, & Evers, 1995; Suschinsky et al., 2009). Discrete
questions may also be asked prior to a stimulus presentation to facilitate the calculation of a
change score between pre- and post-stimulus ratings, which accounts for variation in baseline
sexual arousal. Advantages of discrete indices include minimized distraction during a stimulus
presentation and the option to query multiple dimensions of sexual arousal. A disadvantage of
some discrete indices is the reliance on retrospective report, which can be vulnerable to recall
biases.

In response to criticism regarding the accuracy of recall-based discrete indices, techniques



for continuous assessment of real-time changes in self-reported sexual arousal were developed
(Wincze, Hoon, & Hoon, 1977). With continuous indices of sexual arousal, participants may be
instructed to rate their sexual arousal (e.g., “overall feelings of sexual arousal”) or genital
sensations (e.g., vaginal wetness) throughout the entire stimulus duration. To do so, participants
indicate increases and decreases in sexual arousal using a lever, mouse, or keypad (e.g., Chivers
& Bailey, 2005; Laan, Everaerd, Van der Velde, & Geer, 1995; Suschinsky et al., 2009). For
instance, participants may be asked to indicate changes in overall sexual arousal by pressing
buttons on a keypad that correspond to the raising or lowering of a visual representation of a bar
displayed on the television monitor (e.g., Suschinsky et al., 2009). Change scores can be
calculated by subtracting the level of arousal at the onset of the stimulus from the mean or peak
of the whole stimulus. Continuous and discrete measures of sexual arousal tend to be highly
correlated in men and women (Huberman et al., 2013; Kukkonen et al., 2010; Rellini et al.,
2005).

Self-report measures can be prone to bias (McCallum & Peterson, 2012). As discussed by
Huberman et al. (2013), sexuality research may be particularly susceptible to socially desirable
responding and impression management biases given that sexual attitudes are highly influenced
by societal values and norms (Agocha, Asencio, & Decena, 2018). Stereotypes regarding
traditional gender roles and sexual norms suggest that women may under-report sexual arousal.
In two studies, Huberman et al. (2013) examined the relationship between impression
management and discrete and continuous methods to assess self-reported sexual arousal in
women. Based on their results, Huberman et al. (2013) recommend the use of continuous
measurement or the calculation of pre-/post-stimulus change scores (rather than relying solely on
post-stimulus ratings) to reduce impression management bias. Relative to self-report, genital

responses are more difficult to manipulate (purposefully or not) and are generally considered to



be a more objective measure of sexual arousal (Chivers, Suschinsky, et al., 2014). Of course,
objective does not equate to truer or more accurate; both genital and self-report indicators are
meaningful dimensions of the sexual response (Chivers, Suschinsky, et al., 2014; Hatch, 1979).
Genital Response Measures

According to Masters and Johnson (1966; Masters, 1959), vasocongestion is the primary
physiological response to sexual stimulation and is the most reliable indicator of sexual arousal
in men and women. In light of this assertion, it is perhaps not surprising that the majority of
physiological measures of sexual response assess an aspect of genital vasocongestion. The
emphasis on measuring genital response to assess physiological sexual arousal was underscored
by Zuckerman (1971) who concluded that such non-genital measures as heart rate, respiration
rate, and pupil dilation were not specific to sexual arousal. The most widely used instruments to
quantify genital response are the penile plethysmograph and the vaginal photoplethysmograph,
respectively, but others continue to be developed, each with their own advantages and limitations
(for reviews of female measures see; Kukkonen, 2014, 2015; Woodard & Diamond, 2009; for
reviews of male and female measures see Chivers, Suschinsky, et al., 2014; Janssen, 2002).

Men. In 1963, Freund introduced the penile plethysmograph (PPG)—the first device
capable of continuous measurement of genital response. Two types of PPG are used today—
circumferential or volumetric—although the former is the most popular due to its ease of use and
low cost. Circumferential PPG (e.g., Bancroft, Jones, & Pullan, 1966; Lalumiere et al., 2003;
Sakheim, Barlow, Beck, & Abrahamson, 1985) involves a mercury or indium-gallium-in-rubber
strain gauge that is placed around the mid-shaft of the penis to assess changes in penile
tumescence. Volumetric PPG (e.g., Freund, 1963; Freund, Watson, & Rienzo, 1989) involves a
cylinder placed over the penis to assess changes in air displacement caused by erection.

Measurements from circumferential and volumetric PPG are highly correlated (Kuban, Barbaree,
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& Blanchard, 1999). Both devices have demonstrated good specificity and sensitivity as
measures of genital arousal in men (e.g., Kuban et al., 1999) and show strong concordance with
self-reported sexual arousal (e.g., Chivers et al., 2010). A limitation of PPG is that does not
capture other penile changes that occur during an erection (e.g., angle, rigidity).

Measures of genital temperature have also been applied to the assessment of male sexual
response (e.g., Huberman & Chivers, 2015; Kukkonen, Binik, Amsel, & Carrier, 2007
Kukkonen et al., 2010; Webster & Hammer, 1983). Surface thermistors (attached to the penis) or
thermal imaging cameras (thermography) can be used to quantify genital temperature as an
indirect measure of vasocongestion. Increases in genital temperature are thought to reflect
greater vasocongestion and sexual arousal. Indeed, temperature change positively correlates with
change in penile circumference assessed with PPG (Huberman & Chivers, 2015; Webster &
Hammer, 1983). Thermography, the more popular of the two methods, detects and records the
emission of infrared energy as skin temperature increases and has demonstrated good
psychometric properties (reviewed by Tavares et al., 2018).

Laser Doppler imaging (LDI) has only recently been applied to men and the initial results
demonstrate its validity as a measure of male genital response (Bossio, Singh, & Pukall, 2018).
LDI involves a low-power laser beam that interacts with moving blood cells immediately below
the skin surface. The speed of the moving blood produces a frequency change in the light, which
is converted into a “flux” unit of measurement. A unique feature of LDI is that it is a direct
measure of blood flow, in real time. When presented with vignettes describing sexual
psychophysiological experiments and queried about the degree comfort at the prospect of
participating, men reported greater comfort with thermography studies compared to those
employing PPG and LDI (Huberman et al., 2019).

Women. In the mid-1970, Geer and colleagues (Geer, Morokoff, & Greenwood, 1974;
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Sintchak & Geer, 1975) first documented the use of a vaginal photoplethysmograph (VPP) to
quantify hemodynamic changes in the vaginal epithelium. In his brief report on the genesis of the
VPP, Geer (2005) reflected that he and his colleagues were motivated by the dearth of
instruments to assess women’s physiological sexual responses and were inspired by research
employing plethysmography to study fear (e.g., Sokolov, 1960). Independently, another group of
researchers published a paper describing the use of a photoplethysmographic device to
investigate vascular changes as a function of menstrual cycle phase (Palti & Bercovici, 1968).
Today, the VPP remains the most commonly used measure of the female genital response.

The current VPP involves a clear acrylic tampon-sized cylindrical probe that contains an
infrared light emitting diode (LED) and a phototransistor that detects backscattered light as an
estimate of vasocongestion (Hoon, Wincze, & Hoon, 1976). Emitted light diffuses through the
capillaries and circulating blood in the tissues of the vaginal wall. When the vaginal tissues
engorge with blood, they become less transparent, which results in greater light reflectance from
the tissues to the light detector. The amount of backscattered light is, therefore, thought to be
contingent on the degree of vaginal vasocongestion. The VPP signal is filtered into two
components. The alternating current (AC) component is referred to as vaginal pulse amplitude
(VPA) and is believed to represent the phasic changes in vasocongestion associated with each
heartbeat (higher amplitudes indicate greater vasocongestion; Laan & Everaerd, 1995). The
direct current (DC) reflects slow changes in blood pooling and is referred to as vaginal blood
volume (VBV; Hatch 1979). Results from several studies show that VPP is a valid measure of
genital response (Laan et al., 1995; Suschinsky et al., 2009) and that the AC signal has superior
sensitivity and specificity as a measure of sexual response compared to the DC signal (e.g., Geer
etal., 1974; Heiman, 1977; Laan et al., 1995; Osborne & Pollack, 1977).

There are several limitations of the VPP. For example, there exists no standardized
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calibration procedure and the measurement scale is relative (not absolute); therefore, between-
participant comparisons are not advised (Kukkonen, 2014, 2015; Prause & Janssen, 2005). Also,
the VPP is an indirect, rather than direct, measure of vascular change. A major criticism is that
although it is purported to be a measure of vaginal vasocongestion, several authors have pointed
out that the mechanism is not well-understood (Laan & Everaerd, 1995; Levin, 1992; Levin &
Wylie, 2008; Prause & Janssen, 2005). In light of these limitations, alternative measures have
been developed and applied to the study of female genital responses.

Surface thermistors, typically attached to the labia minora (Henson & Rubin, 1978;
Prause & Heiman, 2009), and thermography (Abramson, Perry, Seeley, Seeley, & Rothblatt,
1981) have been validated in women and have shown good psychometric properties (reviewed
by Tavares et al., 2018). In response to sexual stimuli, temperature change assessed with
thermistors (e.g., Henson & Rubin, 1978; Henson, Rubin, & Henson, 1979) and thermography
(Huberman & Chivers, 2015; Kukkonen et al., 2007, 2010) is consistently positively correlated
with VPA assessed with VPP. Temperature change in women is more strongly positively
associated with self-reported sexual arousal than is VPA (Chivers et al., 2010). An important
advantage of temperature assessment is that the units of measurement (degrees Celsius) are
easily interpretable and on an absolute scale, which facilitates comparisons between participants
and groups (Kukkonen et al., 2007; Tavares et al., 2018).

LDI is a valid measure of genital response in women that has shown specificity for sexual
response (Waxman & Pukall, 2009) and good test-retest reliability with testing sessions at least
two weeks apart (Styles, MacLean, Reid, & Sultana, 2006). LDI can be used to measure
subcutaneous blood flow of the whole vulvar area or specific structures (e.g., labia, fourchette,
clitoral hood; Bouchard, Dawson, Shelley, & Pukall, 2019; Bouchard et al., 2017; Boyer, Pukall,

& Chamberlain, 2013; Boyer, Bouchard, & Pukall, 2019; Styles et al., 2006; Waxman & Pukall,
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2009). Sexual responses measured with LDI are positively correlated with VPA (e.g., Boyer et
al., 2019) and are more strongly correlated with self-reported sexual arousal than is VPA
(Bouchard et al., 2017). In terms of participant comfort, Huberman et al. (2019) found that
women reported a similar degree of comfort at the prospect of participating in VPP and
thermography studies, and these comfort levels were higher than for studies involving a labial
thermistor or LDI.

Other, less commonly used measures of female genital response have been designed and
tested. The clitoral photoplethysmograph, a measure of clitoral blood volume or clitoral pulse
amplitude, has been validated as a measure of sexual response in women (Gerritsen et al., 2009;
Mechelmans, Sachtler, von Wiegand, Goodrich, Heiman, & Janssen, 2017; Suschinsky, Dawson,
& Chivers, 2020; Suschinsky, Shelley, Gerritsen, Tuiten, & Chivers, 2015). In one study, labial
photoplethysmography demonstrated responses specificity to sexual stimuli and appeared to be
less sensitive to movement artifacts than the VPP (Prause, Cerny, & Janssen, 2005). Responses
assessed with clitoral and labial photoplethysmographs positively correlate with VPP (Gerritsen
et al., 2009; Prause et al., 2005).

Early studies on the use of VPP inspired the development of a number of instruments to
study genital responding in women and some have been used to compare sexual response
patterns to those observed for men (e.g., thermography; Huberman & Chivers, 2015). Intriguing
findings have emerged from this research. As mentioned, men exhibit stronger concordance
between genital and self-reported sexual response than women, on average. A somewhat related
finding concerns the degree of cue-specificity (Lalumiere, 2017) that men and women exhibit in
response to sexual stimuli.

Genital Response Cue-Specificity

Cue-Specificity in Men
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Men’s sexual responses, including their genital responses and self-reported feelings of
sexual arousal, are highly dependent on specific cues in a sexual stimulus (e.g., Blanchard et al.,
2001; Chivers & Bailey, 2005; Chivers et al., 2004; Rieger, Chivers, & Bailey, 2005; Rosenthal,
Sylva, Safron, & Bailey, 2012; Sakheim, et al., 1985; Suschinsky et al., 2009). Cues may be
related to characteristics of the sexual targets depicted in the stimulus (e.g., gender/sex, age) or
aspects of the sexual encounter (e.g., sexual activity intensity, presence or absence of consent,
depictions of violent or masochistic sex, relationship context; e.g., Chivers, Roy, Grimbos,
Cantor, & Seto, 2014; Chivers, Seto, & Blanchard, 2007; Chivers & Timmers, 2012; Freund et
al., 1989; Lykins et al., 2010; Suschinsky & Lalumiére, 2011a, 2011b).* Large increases in
penile response, assessed with PPG, are observed in response to sexual stimuli depicting
preferred sexual targets (i.e., targets that correspond to self-reported sexual interests and
attractions). For example, men who are gynephilic (i.e., sexually attracted to women) exhibit
substantial penile responses to sexual stimuli depicting male—female or female—female oral and
penetrative sex (i.e., vaginal penetration with a penis or a strap-on dildo, respectively) or female
masturbation, and little (if any) response to stimuli depicting male—male penetrative sex (i.e.,
anal penetration) or male masturbation (e.g., Chivers & Bailey, 2005; Sakheim et al., 1985). The
converse is observed for men who are androphilic (i.e., sexually attracted to men): They respond
maximally to sexual stimuli involving men (e.g., Chivers et al., 2004, 2007; Sakheim et al.,
1985). This pattern of responding, whereby different variations of sexual cues elicit different

degrees of sexual arousal, is termed cue-specificity (Lalumiére, 2017); thus, men’s genital and

! It is acknowledged that a sexual cue does not exist in isolation. A sexual stimulus is an amalgamation of
cues (e.g., gender, sex, sexual activity, relationship, memories) that are potentially sexually activating.
Attempts to manipulate one cue, such as the sex (i.e., primary or secondary sex characteristics) of a sexual
target depicted in a stimulus, may result in changes to related stimulus content, such as sexual activity
types and gender roles.
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self-reported sexual responses exhibit relatively high cue-specificity for gender/sex? cues.

The specificity of men’s genital responses has been documented for other cues. For
instance, men’s penile responses vary according to the age of the sexual target: Gynephilic men
respond substantial more to erotic audio-narratives involving adult women than young girls
(Lykins et al., 2010). Men who have sexually offended against a child exhibit, as a group,
stronger genital responses to sexual stimuli involving pubescent and pre-pubescent children
compared to groups of male sex-offenders against adults or non-offenders (e.g., Blanchard et al.,
2001; Quinsey, Steinman, Bergersen, & Holmes, 1975). Non-offending men exhibit much lower
penile responses to audio-narratives depicting sexual violence and nonconsent compared to those
depicting consensual, nonviolent sex (Suschinsky & Lalumiére, 2011a, 2011b). The results from
these studies suggest that for men, genital responses correspond to self-reported feelings of
sexual arousal and are closely linked with sexual preferences and behaviour.

Cue-Specificity in Women

Gender/sex cues. Relative to men, women’s genital responses demonstrate much lower
cue-specificity and are more weakly associated with self-reported sexual responses (e.g., Bossio,
Suschinsky, Puts, & Chivers, 2014; Chivers & Bailey, 2005; Chivers, Roy, et al., 2014; Chivers
& Timmers, 2012; Chivers et al., 2004, 2007; Laan, Sonderman, & Janssen, 1996; Peterson,
Janssen, & Laan, 2010; Suschinsky & Lalumiére, 2011a, 2011b; Suschinsky et al., 2009).
Women, on average, demonstrate a rapid increase in VPA when presented with male and/or
female sexual stimuli depicting partnered sex or masturbation (e.g., Chivers et al., 2007). For
androphilic women, the magnitude of genital response is very similar for male and female sexual

cues and this has been replicated across a number of studies (e.g., Bossio et al., 2014; Chivers &

% The term gender/sex has been recommended in contexts when gender and sex cannot be disentangled
(van Anders, 2015).
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Bailey, 2005; Chivers & Timmers, 2012; Chivers et al., 2004, 2007; Suschinsky et al., 2009).

Gynephilic women consistently produce substantial increases in VPA to both male and
female sexual stimuli (e.g., Chivers et al., 2004), but responses tend to be higher for preferred
(i.e., female) sexual stimuli (e.g., Chivers et al., 2007; Rieger et al., 2015). Chivers et al. (2007)
presented both masturbation and partnered sex film clips and found that gynephilic women
demonstrated specificity for female sex, but only for the low-intensity masturbation stimuli
(androphilic women demonstrated low gender/sex cue-specificity regardless of stimulus
intensity). The authors posited that gender/sex-specificity did not emerge for the high-intensity
partnered sex stimuli due to a ceiling effect, whereby VPA reached a threshold at which the
intensity of sexual activity exceeded the effect of gender/sex cues. Chivers et al. (2015)
replicated the sexual orientation difference in cue-specificity using two different stimulus
modalities: Gynephilic women demonstrated specificity for female sexual films (VPA to nude
exercise, masturbation, partnered sex stimuli were averaged; data partially overlapped with
Chivers et al., 2007), and audio-narratives (manual stimulation performed by the participant on a
woman), whereas exclusively androphilic women demonstrated low gender/sex cue-specificity
for both stimulus modalities. Taken together, gynephilic women exhibit higher gender/sex cue-
specificity relative to androphilic women (reviewed by Chivers, 2017; for exceptions see
Peterson et al., 2010, and Pulverman et al., 2015, who found that both gynephilic and androphilic
women demonstrated greater genital responses to male—female sex compared to female—female
sex).

Some studies have included women with varying degrees of same- and other-gender/sex
sexual attractions, rather than only comparing androphilic and gynephilic women (Bouchard,
Timmers, & Chivers, 2015; Chivers et al., 2015; Rieger et al., 2015; Rieger, Savin-Williams,

Chivers, & Bailey, 2016; Timmers, Bouchard, & Chivers, 2015). The results from these studies
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suggest that the lack of response discrimination for gender/sex cues is characteristic of
exclusively androphilic women. Chivers et al. (2015) included women across the range of
Kinsey scale scores (Kinsey et al., 1948, 1953) and found that women with any degree of
gynephilia, including women who were predominantly androphilic or androgynephilic (i.e.,
similar degree of sexual attraction to men and women), exhibited greater VPA in response to
female versus male sexual films and audio-narratives. In two studies examining androgynephilic
women (samples partially overlap with Chivers et al., 2015)—with androgynephilia defined
according to multiple dimensions of sexual orientation (i.e., sexual or romantic attraction, sexual
identity, sexual fantasy, or sexual behaviour)—VPA was consistently higher in response to
female versus male sexual stimuli (Bouchard et al., 2015; Timmers et al., 2015). In a recent
study, however, Suschinsky et al. (2020) did not replicate the Chivers et al. (2015) findings:
Vaginal and clitoral responses demonstrated low gender/sex cue-specificity for both exclusively
and predominantly androphilic women.

Notably, sexual orientation differences in the degree of gender/sex cue-specificity among
women appear to emerge due to variation in the degree of genital responses to male sexual cues,
whereas women of all sexual orientations more consistently respond to female sexual cues
(Chivers et al., 2015; Rieger et al., 2015). To illustrate, Chivers et al. (2015) found that
gender/sex sexual attraction predicted genital responses to male but not female sexual cues. In
other words, a stronger degree of gynephilia was associated with weaker genital responses to
male sexual stimuli, whereas response magnitudes to female sexual stimuli were more consistent
across sexual orientation groups.

Although there appears to be a sexual orientation difference in genital response patterns
among women, gynephilia does not eliminate the gender/sex difference in cue-specificity. In

another study that included men and women across the spectrum of gender/sex attractions,
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gynephilic women demonstrated higher gender/sex cue-specificity compared to androphilic
women, but the degree of discrimination between male and female stimuli for gynephilic women
was much smaller compared to men (Rieger et al., 2015). Women of all sexual orientations
consistently produce substantial genital responses to both preferred and non-preferred gender/sex
cues (relative to nonsexual stimuli)}—a response pattern that is distinct from that of men (Chivers
et al., 2007; Rieger et al., 2015).

Self-reported sexual arousal. In terms of self-reported sexual arousal, androphilic
women often demonstrate cue-specificity, but not necessarily in the direction predicted by their
sexual preferences and attractions: Male sexual stimuli may be rated as more (Bossio,
Suschinsky, et al., 2014; Chivers & Timmers, 2012; Spape et al., 2014; Timmers, 2019) or less
(e.g., Chivers et al., 2004, 2007; Suschinsky et al., 2009) sexually arousing than female sexual
stimuli. When male—female partnered sex is included as a stimulus category, androphilic women
often rate it as more sexually arousing than male—male or female—female sex (e.g., Chivers et al.,
2004, 2007; Chivers & Bailey, 2005; Suschinsky, Bossio, & Chivers, 2014; Suschinsky et al.,
2009; Chapter Two). For gynephilic women, self-reported sexual arousal also demonstrates
specificity for female sexual stimuli and is, therefore, more strongly associated with sexual
attractions (e.g., Suschinsky et al., 2017). Androgynephilic women also report higher sexual
arousal to female sexual stimuli (Bouchard et al., 2015; Timmers et al., 2015).

Sexual concordance. A corollary of low cue-specificity for genital response is the
relatively low concordance between women’s genital responses and self-reported sexual arousal,
on average (Chivers et al., 2010). Low sexual concordance in women is typically a function of
minimal or absent feelings of sexual arousal in the presence of a genital response; the reverse
pattern is not typically observed (Laan & Everaerd, 1995). There is also substantial variation in

sexual concordance among women and this has been observed using a variety of measures of
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genital response (e.g., Bouchard et al., 2017; Kukkonen, Binik, Amsel, & Carrier, 2010; Rellini,
McCall, Randall, & Meston, 2005) and self-reported sexual arousal (e.g., Suschinsky, Dawson,
& Chivers, 2017). For instance, Kukkonen et al. (2010) observed that the concordance between
labial temperature and continuously rated sexual arousal in women ranged fromr =—-36tor =
.95 (concordance scores for men ranged from r = .11 to r = .94). Variation in sexual concordance
among women has been associated with individual difference factors, such as cognitive sexual
schemas (Clifton, Seehuus, & Rellini, 2015), degree of sexual excitation and inhibition (Clifton
et al., 2015), sexual functioning (Meston, Rellini, & McCall, 2010; Suschinsky et al., 2019;
reviewed by Chivers & Brotto, 2017), and degree of sexual attraction to men and/or women
(Suschinsky et al., 2017). Suschinsky et al. (2017) included women across the spectrum of
gender/sex sexual attractions and found that women with any degree of gynephilia exhibited
stronger sexual concordance compared to women with exclusive androphilic sexual attractions.
Rieger et al. (2015) also reported stronger correspondence between genital and self-reported
sexual arousal in gynephilic women compared to androphilic women, and the degree of
correspondence for gynephilic women was weaker than for androphilic or gynephilic men.

Other cues. Relatively low genital response cue-specificity among androphilic women
has been observed for sexual stimuli that vary in the presence of consent and violence.
Androphilic women (but not gynephilic men) produce genital responses, assessed with VPP, to
audio depictions of nonconsensual, violent sex that are very similar to their responses to
consensual, nonviolent sex (Suschinsky & Lalumiere, 2011a, 2011b). Genital responses to
nonconsensual, violent sex are observed even when androphilic women rate these stimulus
categories as unpleasant, anxiety-provoking, and sexually non-arousing (Suschinsky &
Lalumiere, 2011a, 2011b).

In one study (Chivers, Roy, et al., 2014), androphilic women who reported only
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conventional sexual interests demonstrated substantial increases in VPA to audio depictions of
both conventional and masochistic sex (relative to a neutral nonsexual stimulus) and this was
observed even though masochistic sex did not elicit self-reported sexual arousal. Genital
responses to masochistic sex were, however, not as elevated as responses to conventional sex;
thus, women with conventional sexual interests demonstrated cue-specificity for the stimulus
category (conventional sex) that matched their sexual activity preferences. Consistent with
previous research, VPA did not discriminate between male and female sexual stimuli. For the
gynephilic men with conventional sexual interests, a different pattern was observed: Genital
responses were observed only in response to stimuli depicting conventional sex and responses to
masochistic sex were comparable to the neutral stimulus. These results highlight the sensitivity
of women’s genital responses to sexual cues, even those that are not preferred, and also suggest
that other aspects of the sexual encounter, apart from the gender/sex of the sexual targets, can
influence the magnitude of genital response.

Other cues related to the sexual context produce variation in response magnitude. A
contextual feature that impacts the degree of genital responsivity is the intensity of sexual
activities depicted. Chivers et al. (2007) presented androphilic and gynephilic men and women
with sexual stimuli that increased in erotic intensity from nude exercise (i.e., no sexual activity),
to solitary masturbation, to penetrative intercourse, and found that VPA increased with the
intensity of the sexual activities portrayed. The effect of sexual activity intensity has been
replicated in some (Suschinsky et al., 2009; Suschinsky et al., 2014), but not all (Bouchard et al.,
2017; Chapter Two) studies.

Another contextual cue that influences women’s genital response magnitude is the
relationship context between men and women featured in sexual narratives. Chivers and

Timmers (2012) found that VPA for androphilic women was higher in response to depictions of
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sexual interactions with friends than to sexual interactions with a stranger or in a long-term
relationship context, and these patterns were consistent for both male and female sexual
narratives. These results highlight the influence of contextual cues on genital response patterns
and suggest that some contextual elements may be more relevant to women’s genital response
than the gender/sex of the sexual targets.

Spape et al. (2014) presented women with images of genitals in which contextual
information was limited. Cue-specificity for male stimuli was observed for androphilic women:
VPA in response to images of erect penises was greater than to images of exposed vulvas. The
authors postulated that cue-specificity for gender/sex cues can emerge when contextual cues are
minimized. To the extent that an erect penis is a more obvious and intense sexual cue than an
engorged vulva, the degree of cue-specificity for gender/sex cues in this study may have been
influenced by erotic intensity. Recent research has replicated the Spape et al. (2014) finding that
cue-specificity can be observed when presenting still images with limited contextual
information: Timmers (2019) found greater VPA among androphilic women in response to
images portraying attractive and unattractive men compared to women. It was also the case that
attractive and unattractive female nude images elicited greater genital responses than neutral
images—an effect not observed among the gynephilic men whose genital responses to male nude
images were comparable to that of neutral images. Taken together, the results suggest that
contextual cues present in a sexual stimulus are important determinants of genital response
magnitude in androphilic women and may influence patterns of genital response to male and
female sexual cues (discussed by Timmers, 2019).

Although genital response magnitude in women is sensitive to variations in some
contextual cues, substantial vaginal responses can be elicited by nonpreferred sexual stimuli that

are minimally sexually arousing, and this is observed for women across the spectrum of
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gender/sex sexual attractions (e.g., Chivers et al., 2004, 2007). This pattern of response is distinct
from that of men whose sexual responses more strongly differentiate between preferred and
nonpreferred stimuli, and more strongly relate to sexual attractions (e.g., Rieger et al., 2015).
Because women’s genital responses can be elicited by almost any sexual cue regardless of sexual
preferences or the subjective appraisal of the stimulus, women’s genital responses have been
characterized as automatic (e.g., Chivers, 2005; Laan, 1994; Laan & Evaraerd, 1995; Laan,
Everaerd, Van Aanhold, & Rebel, 1993; Suschinsky et al., 2009). The automaticity of women’s
genital responses to any sexual cue has led researchers to hypothesize about the function of
vaginal response patterns.
Hypotheses for Low Cue-Specificity in Women

In her review of sexual response specificity in women, Chivers (2017) consolidated a
number of proximate (causation in terms of immediate physiological or environmental
mechanisms) and ultimate (causation in terms of evolutionary function or fitness consequences)
explanations and presented ten hypotheses, which she outlined and evaluated. Since its
publication, additional explanations for gender/sex differences in sexual arousal patterns have
been proposed (e.g., Diamond, 2017; Luoto & Rantala, 2017). Consistent with the IPM of sexual
response (Geer et al., 1993; Janssen et al., 2000), some hypotheses pertain to women’s attention
and cognitive processing of nonpreferred sexual stimuli. For instance, the sexual objectification
of women’s bodies that is common in the media (Fredrickson & Roberts, 1997) may contribute
to the formation of learned sexual associations that activate a sexual response to sexual stimuli
depicting women, even for androphilic women (a finding that does not support this hypothesis is
that androphilic men do not sexually respond to female sexual stimuli; reviewed by Chivers,
2017). It has also been proposed that genital responses to female sexual cues may result from

identification with the female actor experiencing sexual pleasure (Money & Ehrhardt, 1972;
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reviewed by Bossio, Spape, Lykins, & Chivers, 2014; Chivers, 2017). Attentional focus
motivated by intrasexual competition has also been discussed (e.g., Maner, Gailliot, Rouby, &
Miller, 2007; reviewed by Chivers, 2017). Another explanation is that the capacity for response
differential may be smaller in women compared to men, resulting in indistinguishable genital
responses to preferred and nonpreferred sexual stimuli (Sylva et al., 2013); however, as Chivers
(2017) points out, amplifying vaginal response using vibrotactile stimulation does not appear to
impact the degree of response discrimination (Peterson et al., 2010).

Some hypotheses are relevant to within-gender/sex variability in cue-specificity. It has
been proposed that specificity for gender cues represents a male-typical pattern of response that
is consistent with gynephilic women’s tendency to demonstrate more masculine traits and
nonsexual behaviour compared to androphilic women (e.g., gestures and movements, speech
patterns, occupational preferences; e.g., Lippa, 2008; reviewed by Bailey et al., 2016). Male-
typical sexual arousal and masculinized behaviour in women have been associated with elevated
prenatal androgen exposure (Auyeung et al., 2009; Meyer-Bahlburg, Dolezal, Baker, & New,
2008). In two studies, Rieger et al. (2016) tested this explanation and found no relationship
between male-typical nonsexual behaviours in women and the specificity of vaginal responding
to male and female sexual stimuli. In her review, Chivers (2017) highlighted avenues for further
testing these and other hypotheses.

One of the most well cited hypotheses for low cue-specificity in women is the
preparation hypothesis, coined by Suschinsky and Lalumiere (2011a, 2011b; for a critical review
of relevant literature see Lalumiére, Sawatsky, Dawson, & Suschinsky, 2020). The preparation
hypothesis is a functional (ultimate) explanation that proposes that the automatic and
indiscriminate nature of women’s genital responses serves a protective function (Chivers, 2005;

Laan, 1994; Laan & Janssen, 2007; Suschinsky et al., 2009). According to the preparation
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hypothesis, selection may have favoured women who automatically produced a genital response
to any sexual cue because of the high costs associated with not being lubricated should vaginal
penetration occur (i.e., genital injury, infection; e.g., Chivers, 2005; Chivers & Bailey, 2005). It
would have been adaptive for this reflexive response to occur independent of feelings of sexual
arousal given the fitness benefits associated with producing lubrication even in the absence of
feelings of sexual arousal or appeal, such as in the context of nonconsensual sex.’

In support of the preparation hypothesis, Suschinsky and Lalumiére (2011a, 2011b)
found that androphilic women demonstrated increases in VPA in response to scenarios
describing violence and nonconsensual sex that were similar in magnitude to scenarios
describing consensual nonviolent sex. Vaginal responses to nonconsensual violent sex were
observed even though these stimuli were rated to be unpleasant, anxiety-provoking, and not
sexually arousing. For men, increases in genital and self-report sexual responses were specific to
consensual nonviolent sex. Substantial increases in VPA to sexually threatening stimuli in the
absence of self-reported sexual arousal have been reported by other researchers (Laan et al.,
1995; Suschinsky et al., 2009). The sensitivity of women’s genital responses to sexual cues is
also demonstrated by research showing that films portraying mating bonobos elicit increases in
genital response for women (but not men) despite no increases in self-reported sexual arousal
(Chivers & Bailey, 2005). These findings are consistent with predictions from the preparation
hypothesis, but all pertain to vaginal vasocongestion assessed using VPP. A perhaps more
optimal test of the preparation hypothesis would be to directly assess the cue-specificity of
genital lubrication.

Quantifying Lubrication as a Sexual Response

8 According to Bancroft and Graham (2011), a proximate mechanism explaining indiscriminate genital
response in women is to facilitate painless vaginal penetration.
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The first attempts to quantify lubrication and to elucidate its constituents date back to the
late 1950s (e.qg., Perl & Shimozato, 1959). Methods used to measure change in vaginal
lubrication in response to sexual stimulation included a weighed tampon or filter paper, and
evaporimeters (Preti et al., 1979; Riley & Riley, 1983; Wagner, 1979; Wagner & Levin, 1978).
These methods tended to be cumbersome and invasive and did not allow for multiple
measurements within a single experimental session. For several decades, there were virtually no
empirical studies on vaginal lubrication. In 2003, Carranza-Lira et al. assessed vaginal wetness
using a pH test-strip placed at the introitus to test the efficacy of a hormonal treatment. This
study inspired Dawson, Sawatsky, and Lalumiére (2015) to design and test a measure of genital
lubrication, called a litmus test strip (LTS), that could be used repeatedly within a single
experimental session.

The LTS, which was self-administered by participants, consisted of a strip of litmus
paper attached to a plastic applicator. Immediately after a stimulus presentation, women placed
the tip of the LTS applicator at the introitus for 60 s. VVaginal fluid produced a colour change on
the litmus paper as it was absorbed up the length of the LTS. The length of colour change was
recorded (in mm) as an index of genital lubrication. In the Dawson et al. (2015) study, the genital
responses of androphilic women were measured with LTS for half of the testing sessions, and
with VPP for the other half. Participants rated their sexual arousal and their perceived genital
response post-stimulus.

Dawson et al. (2015) found that both VPA and lubrication responses were greater for
sexual compared to nonsexual films (d = .85 and .53, respectively). There was no correlation
between VPA and lubrication, which was unexpected given that vaginal vasocongestion is
thought to be a precursor to lubrication (Levin, 2003). Lubrication was correlated with self-

reported sexual arousal and perceived genital response (r = .61 and .51, respectively), while VPA
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was not (r =.001 and r = .06, respectively). These results suggest that the LTS device can be
used to quantify genital lubrication to sexual stimuli in a repeated measures experimental design
and, therefore, can be used to examine the cue-specificity of genital lubrication as a test of the
preparation hypothesis. Although low cue-specificity in women has been well replicated using
VPP, there have been few attempts to assess cue-specificity for gender/sex cues using alternative
measures of genital response (for exceptions see Huberman & Chivers, 2015; Suschinsky et al.,
2020).
Measurement Issues in Cue-Specificity Research

The majority of studies investigating cue-specificity (and sexual concordance) in men
and women have assessed genital responses using PPG and VPP, respectively. Despite the
widespread use of these instruments, methodological differences call into question the legitimacy
of directly comparing their results. One obvious difference is that PPG and VPP do not measure
changes in vasocongestion in the same anatomical region. Graziottin and Gambini (2015)
describe how the capacity for change in genital vasocongestion is different for men and women
due to differences in the arterial blood supply and circulatory systems of the male and female
genitalia. Furthermore, each measure provides different data outputs: VPP records VPA in
millivolts, and PPG measures penile circumference in millimeters or blood volume in milliliters.
The observed gender/sex difference in cue-specificity may reflect the use of non-comparable
measurement devices and scales, and methodologies that assess different aspects of physiological
responding, rather than a true gender/sex difference in genital response patterns (Huberman &
Chivers, 2015; Kukkonen, 2015; Kukkonen et al., 2007).

To examine whether gender/sex differences in cue-specificity are an artifact of
differences in genital response measurement in men and women, Chivers et al. (2004) included a

sample of transwomen who had undergone gender-affirming surgery to construct a neovagina,
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and compared their genital responses to cisgender men and women. VPP was used to assess the
genital responses of the transwomen (prior research demonstrated detectable blood flow in the
neovagina; Schroder & Carroll, 1999). Similar to the male sample, the genital responses of the
androphilic transwomen and gynephilic transwomen demonstrated gender/sex cue-specificity,
with stronger VVPA observed for preferred versus nonpreferred sexual stimuli (data were re-
analyzed and replicated in Lawrence, Latty, Chivers, & Bailey, 2005).

The Chivers et al. (2004) results provide preliminary evidence that differences in patterns
of genital response cue-specificity are not simply artifacts of the measurement devices because
both cisgender women and transwomen exhibited different response patterns despite genital
responses being measured by the same device (VPP). It is still the case, however, that different
anatomical structures were assessed across the participant groups. Vascularisation of male and
female genitalia are dissimilar—blood volume and inflow pressures are much greater for the
penis than the female genitalia (Graziottin & Gambini, 2015). The neovagina, typically
constructed from penile tissues, also has distinct vascularization compared to the natal vagina
and the surrounding blood vessels may not be innervated to the same extent (summarized in
Lawrence et al., 2005). This leaves open the possibility that differences in cue-specificity reflect
anatomical differences rather than fundamentally distinct genital response patterns.

Another approach to examining the impact of measurement device on observed patterns
of cue-specificity is to employ the same measurement device for cisgender men and women.
Huberman and Chivers (2015) concurrently measured genital response with thermography and
either VPP or PPG. Gynephilic men showed increases in genital temperature and circumference
to only the female stimuli. For androphilic women, increases in genital temperature and VPA
were observed in response to both male and female masturbation film clips. The gender/sex

difference in cue-specificity was observed when comparing temperature changes of the labia
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majora and penile shaft, as well as the clitoris and penile glans, which are homologous structures.
Genital cue-specificity was not the only gender/sex difference found in this study, however:
Women rated the male and female masturbation stimuli as equally sexually arousing, whereas
men rated female masturbation as much more sexually arousing than male masturbation. It is
unknown to what extent cue-specificity of genital temperature is affected by self-reported sexual
arousal, but there is evidence that the concordance between genital and self-reported sexual
arousal in women is stronger for thermography than VPP (Chivers et al., 2010). It is possible that
the lack of differentiation in women’s self-reported sexual arousal may have contributed to low
cue-specificity observed with thermography.

To date, thermography is the only device that has been applied to both men and women
to compare patterns of cue-specificity (Huberman & Chivers, 2015; Huberman, Dawson, &
Chivers, 2017; but see Chapter Five). A disadvantage of using thermography to compare male
and female genital response patterns is that different anatomical structures are assessed for men
and women and there is no consensus as to which structures are appropriate to compare (if any).
Even though the measurement output (degrees Celsius) of thermography is identical for men and
women, only within-gender/sex comparisons are advised (Huberman & Chivers, 2015). This is
because the capacity for change in vasocongestion, and therefore temperature, is larger for male
compared to female genitalia, possibly due to differences in their proximity to the torso (Chivers,
2017) and differences in their hemodynamic demands (Graziottin & Gambini, 2015).

Ideally, to test whether the observed gender/sex differences in cue-specificity are true
phenomena, the same measurement device would be administered at the identical anatomical site
in men and women. Two groups of researchers (Bohlen & Held, 1979; Carmichael et al., 1987;
Carmichael, Warburton, Dixen, & Davidson, 1994) used an anal probe containing a

photoplethysmograph to measure changes in anal vasocongestion during sexual arousal. These
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authors reported an increase in anal vasocongestion in both men and women in response to self-
stimulation (masturbation). The anal photoplethysmograph (APG) has not been used in any
known research studies since the Carmichael et al. (1994) report. If the validity of the anal
photoplethysmograph can be established, it may be an optimal method to test gender/sex
differences in cue-specificity, particularly given that the anatomy and physiology of the male and
female anal canals appear to be quite similar (reviewed in Chapter Five).

Another factor that could contribute to the gender/sex difference in genital response
patterns observed with the VPP and PPG could be that these devices assess different phases of
the genital response (Chivers, 2017). Vasocongestion within the vaginal walls has been referred
to as an initial, automatic genital response (e.g., Chivers, 2005; Laan & Everaerd, 1995) that
occurs within seconds of a visual sexual stimulus (e.g., Laan & Janssen, 2007; Suschinsky, 2012)
and peaks within approximately 20 s (Huberman et al., 2017). PPG assesses penile tumescence,
which gradually increases over time, reaching its peak within approximately 230 s (Huberman et
al., 2017). It is therefore possible that VPP and PPG assess different end-points of
vasocongestion (Chivers, Suschinsky, et al., 2014). It may be more appropriate to compare penile
tumescence with relatively later-occurring aspects of the female genital response. Consistent
with the preparation hypothesis, indiscriminate vaginal responding may be a reflexive initial
response whereas, according to the IPM (Janssen et al., 2002), further elaboration of the sexual
stimulus can affect the maintenance of this response over time.

The time course of vaginal vasocongestion cue-specificity for gender/sex cues was
investigated in two studies. Huberman and Chivers (2015) analyzed cue-specificity across five
segments (120 s each) of 600 s audiovisual stimuli and found that low cue-specificity for VPA,
genital temperature, and self-reported sexual arousal was consistent across time. Pulverman et al.

(2015) examined the trajectory of VPA in response to 600 s films featuring male—male, female—
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female, and male—female sex. For androphilic women, VPA continued to increase over time for
the male—female and male—male sexual stimuli, whereas the initial increase in VPA to the
female—female sexual stimulus was not maintained. Notably, VPA for gynephilic women also
decreased over time in response to female—female sex, suggesting that the female—female sexual
stimulus presented in this study may not have been sufficiently sexually arousing to sustain
genital responding. The time course of continuous self-reported sexual arousal was not examined
in this study (only discrete post-stimulus sexual arousal was assessed). Further studies are
required to assess the time course of patterns of cue-specificity.
Dissertation Objectives

The overarching objective of the research program outlined in this dissertation is to add
to the sexual psychophysiological literature on sexual response patterns by testing current
hypotheses or explanations for the observed gender/sex difference in cue-specificity. To do so,
two novel measures of sexual response were employed—LTS and APG—in addition to the more
commonly used VPP and PPG. In Chapter Two, the LTS device was used to assess the cue-
specificity of genital lubrication, for the first time, as a direct test of the preparation hypothesis.
In Chapter Three, the time course of cue-specificity for vaginal vasocongestion, assessed with
VPP, was investigated to determine whether low cue-specificity in androphilic women is
maintained across the duration of relatively longer sexual stimuli (240 s) that produce
discrimination in self-reported sexual arousal—a question that emerged based on the results of
Chapter Two.* For a visual comparison with the female data, the Chapter Three appendix
presents figures showing the response patterns of a small sample of gynephilic men whose
genital responses were assessed with PPG.

Chapters Four and Five focused on testing methodology related to the APG to determine

* Chapters Two and Three used data from the same sample.
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its potential for studying gender/sex differences in cue-specificity. In Chapter Four, a condom
was placed over the VPP probe to determine if a probe cover would compromise vaginal
photoplethysmographic data. The purpose of this study was to prepare for the APG validation
study presented in Chapter Five, in which a VPP probe encased in a condom cover for sanitary
purposes was inserted intra-anally as an APG. In Chapter Five, the APG was tested to determine
whether it could specifically detect a sexual response, elicited by audiovisual sexual stimuli in a
repeated measures design. A summary of the results reported in this dissertation is provided in
Chapter Six, which also includes a discussion of implications and suggestions for future

research.
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Abstract
Women'’s genital responses are sensitive to the presence and intensity of sexual cues, yet some
stimulus features (e.g., male vs. female actors, consensual vs. non-consensual interactions) have
little influence on the magnitude of response—a phenomenon called low cue-specificity. Genital
responses are typically assessed using vaginal photoplethysmography, a measure of vaginal
vasocongestion, itself a precursor to lubrication. One explanation for low cue-specificity is the
preparation hypothesis: Women genitally respond to almost all sexual cues because lubrication
functions to protect genital organs from potential injury should vaginal penetration occur. In
order to test the preparation hypothesis, both vaginal vasocongestion and introital lubrication
were assessed in a sample of 20 women in response to sexually explicit films. While patterns of
vasocongestion were consistent with low cue-specificity for gender cues and type of sexual
activity, lubrication was specific to women’s most preferred sexual stimulus categories. These

results are inconsistent with the preparation hypothesis.
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The physiological assessment of genital responses in the laboratory has relied, for the
most part, on methods that measure changes in genital vasocongestion (Janssen, Prause, & Geer,
2007; Prause & Janssen, 2005). Studies using these measures have revealed substantial gender
differences in three related phenomena: category-specificity (the degree of correspondence
between patterns of genital responses and self-reported sexual orientation; Chivers, 2017), sexual
concordance (the degree of agreement between genital responses and self-reported sexual
arousal to particular stimuli; Chivers, Seto, Lalumiére, Laan, & Grimbos, 2010), and cue-
specificity (the degree of differentiation in sexual responses to various sexual cues; Lalumiere,
2017).

Women’s genital responses have low cue-specificity (e.g., Chivers & Bailey, 2005;
Chivers, Rieger, Latty, & Bailey, 2004; Chivers, Seto, & Blanchard, 2007; Peterson, Janssen, &
Laan, 2010; Suschinsky, Lalumiére, & Chivers, 2009), especially relative to men, whose genital
responses consistently demonstrate high cue-specificity for gender, age, and sexual activity (e.g.,
Blanchard, Klassen, Dickey, Kuban, & Blak, 2001; Freund, Watson, & Rienzo, 1989; Lykins et
al., 2010; Rosenthal, Sylva, Safron, & Bailey, 2012; Sakheim, Barlow, Beck, & Abrahamson,
1985). One explanation for low cue-specificity in women is the preparation hypothesis
(Suschinsky & Lalumiére, 2011), which proposes that women’s indiscriminate and seemingly
automatic genital responses to any sexual cue functions to prepare the relevant organs for
impending sexual activities, thereby preventing injury (also see Chivers, 2005; Laan, 1994; Laan
& Everaerd, 1995; Laan & Janssen, 2007; Suschinsky et al., 2009). The preparation hypothesis
specifically refers to the protective function of genital lubrication, yet most studies have
employed measures of vaginal vasocongestion. This hypothesis, therefore, rests on the
assumption that vaginal lubrication is strongly related to vaginal vasocongestion (see Levin,

2003) and should, like vaginal vasocongestion, demonstrate low cue-specificity. The present
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study is the first to test the preparation hypothesis by examining cue-specificity using a measure
of genital lubrication.
Low Cue-Specificity

The most widely used measure of women’s genital response, the vaginal
photoplethysmograph (VPP), records changes in vaginal pulse amplitude (VPA) as an index of
vaginal vasocongestion. The VPP is considered a valid measure of sexual response in women
(Laan, Everaerd, & Evers, 1995; Suschinsky et al., 2009). Using VPP, it has been observed that
women produce genital responses to almost any sexual cue and, for androphilic women in
particular (i.e., those who report a sexual attraction to men), response magnitude is very similar
for sexual stimuli depicting men or women (reviewed by Chivers, 2017). Low cue-specificity for
gender cues (i.e., low gender-specificity) has been observed with various stimulus modalities,
including audiovisual (e.g., Chivers et al., 2007) and audio-only narratives (e.g., Chivers &
Timmers, 2012). It has also been observed with thermography, a measure of genital temperature
change as an index of vasocongestion (Huberman & Chivers, 2015). In addition, low gender-
specificity has been observed using non-genital measures of sexual arousal or interest, such as
measures that assess degree of association of sexual cues (e.g., Snowden & Gray, 2013), eye
tracking (e.g., Dawson & Chivers, 2016), viewing time (e.g., Ebsworth & Lalumiére, 2012), and
pupil dilation (e.g., Rieger et al., 2015).

There is some evidence of sexual orientation differences in gender-specificity. Chivers et
al. (2007) found that women who reported exclusive or predominant same-sex sexual attractions
produced higher genital responses to low-intensity female sexual stimuli (nude exercise, solo
masturbation) compared to male sexual stimuli; gender-specificity was not observed, however,
for the higher intensity stimuli (sexual intercourse). Also, Chivers, Bouchard, and Timmers

(2015) found that women reporting any degree of gynephilia (i.e., sexual attraction to women)
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exhibited higher genital responses to female compared to male sexual stimuli. In these studies,
the genital responses of gynephilic women demonstrate higher cue-specificity and category-
specificity than those of androphilic women; however, the degree of response differentiation to
preferred and non-preferred sexual stimuli did not appear as marked for gynephilic women as it
was for gynephilic and androphilic men (Chivers et al., 2007), suggesting that lower gender-
specificity is not unique to androphilic women.

One stimulus feature reported to produce relatively greater cue-specificity is the type of
sexual activities (Chivers et al., 2007; Suschinsky et al., 2009). For instance, Chivers et al.
(2007) found that VVPA increased with the intensity of the sexual activities depicted in films, such
that intercourse elicited greater increases in VPA than solitary masturbation, and nude exercise
elicited the weakest responses. Narratives describing masochism and conventional sex elicit
comparable genital responses among androphilic women reporting sexual interest in masochism,
but higher genital responses to conventional sex stimuli among women with no sexual interest in
masochism (Chivers, Roy, Grimbos, Cantor, & Seto, 2014). The relationship context between
men and women featured in sexual narratives has also been found to affect the magnitude of
women’s genital responses (Chivers & Timmers, 2012). This research suggests that although
women’s genital responses are relatively less sensitive to gender cues (compared to men’s),
response differentiation occurs based on other stimulus features.

In light of this research, Spape et al. (2014) presented androphilic women with images of
male and female genitals that were stripped of contextual cues (i.e., cues other than the actors’
primary and secondary sex characteristics). An advantage of these images over more complex
stimuli, such as films, is that gender and sexual activity cues are less confounded with each
other. The authors found that depictions of erect penises produced larger genital responses than

depictions of flaccid penises, whereas responses to female pubic triangles and aroused vulvas
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were comparable. This was the first study to demonstrate gender-specific genital responding
among androphilic women. In addition to gender, however, a stimulus intensity effect may have
also influenced response patterns insofar as an erect penis is perhaps a more obvious and intense
sexual cue than an engorged vulva. These intriguing findings concerning women’s genital
response patterns and their often-observed low correspondence with stated sexual attractions and
self-reported sexual arousal, particularly among androphilic women, have led researchers to
hypothesize about the function of women’s relatively low genital cue-specificity.

The Preparation Hypothesis

The preparation hypothesis offers a functional explanation for women’s low genital cue-
specificity (Suschinsky & Lalumiére (2011a, 2011b). Based on the premise that increased
vaginal vasocongestion contributes to the formation of genital lubrication (Levin, 2003),
Suschinsky and Lalumiére (2011a, 2011b) proposed that genital lubrication is produced
automatically in the presence of all sexual activity cues because of the high cost of not becoming
lubricated should vaginal penetration occur (i.e., injury to the reproductive tract). Even in the
absence of feelings of sexual arousal—such as during nonconsensual sex—it would be beneficial
for women to produce sufficient lubrication to prevent injury to their genital organs. According
to this hypothesis, therefore, the relatively indiscriminate nature of women’s genital response
serves a protective function (Chivers, 2005; Laan, 1994; Lann & Janssen, 2007; Suschinsky et
al., 2009).

To test this hypothesis, Suschinsky and Lalumiere (2011a, 2011b) presented a series of
audio-narratives in which cues of consent, violence, and sexual activity (between a man and a
woman) varied across narratives. Women’s VPA increased to a similar magnitude for all sexual
narratives, even though consensual, non-violent sex was the only narrative category to produce a

substantial elevation in self-reported sexual arousal. For men, both genital and self-reported
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sexual responses were specific to narratives depicting consensual, nonviolent sex. Other studies
that have included sexual threat conditions have also found increases in VPA despite an absence
of self-reported sexual arousal (Laan et al., 1995; Suschinsky et al., 2009). Also, the women in
the Chivers et al. (2014) study who did not report an interest in masochism nonetheless produced
greater genital responses to masochistic stimuli compared to neutral, non-sexual stimuli. These
findings lend support to the preparation hypothesis; however, the preparation hypothesis posits a
protective function of lubrication specifically, and so a more direct test of the hypothesis is to
measure lubrication itself.
Quantifying Lubrication as a Sexual Response

Vaginal lubrication is a relatively understudied component of women’s sexual response.
The formation of vaginal lubrication is preceded by enhanced congestion within the tissues of the
vaginal wall due to increased blood flow and concurrent venous constriction (Levin, 2003). The
increased capillary pressure forces interstitial fluid to move through the vaginal epithelium, onto
the surface of the vaginal canal. These tiny droplets of fluid eventually coalesce to form vaginal
lubrication (Janssen, Prause, & Geer, 2007; Levin, 2003, 2004; Masters & Johnson, 1966), which
is visible within 10 to 30 seconds of sexual stimulation (Masters, 1959). Once sexual arousal
dissipates, vasocongestion resolves and lubrication is reabsorbed by the vaginal epithelium
(Levin, 2003; Odeblad, 1964). The relationship between vaginal vasocongestion and lubrication
is mostly based on observational research by Masters and Johnson (1966) and has rarely been
measured quantitatively. One factor affecting the paucity of research is that there are no well-
established methods to quantify vaginal lubrication (Levin, 2003), and until recently (Dawson,
Sawatsky, & Lalumiere, 2015), there was no measure that could be used repeatedly within a
single experimental session (the type of session needed to assess cue-specificity).

Dawson et al. (2015) designed and tested a new device that utilizes a litmus test strip



56

(LTS) to assess lubrication. Following each stimulus presentation, women were instructed to
place the tip of the LTS—consisting of a strip of litmus paper attached to a plastic applicator—at
the vaginal introitus for 60 s. During this time, vaginal fluid was absorbed up the length of the
litmus paper, producing a color change, which was recorded (in mm) as an index of genital
lubrication.

Dawson et al. (2015) assessed the genital responses of androphilic women with both LTS
and VPP, and found that lubrication and VPA were higher for sexual films compared to
nonsexual films (d = 0.53 and 0.85, respectively). The correlation between lubrication and
vaginal vasocongestion was very low, which was unexpected given that increased capillary
pressure during sexual arousal (i.e., vasocongestion) is thought to result in the formation of
lubrication (Levin, 2003). Self-reported sexual arousal was moderately correlated with
lubrication, but not with VPA. These results suggest that lubrication can be elicited in the
presence of sexual cues in the laboratory and that the LTS can be used to quantify this sexual
response.

Present Study

The primary objective of this study was to use the LTS to assess the cue-specificity of
genital lubrication as a direct test of the preparation hypothesis. In addition, we sought to test the
sensitivity of the LTS to changes in sexual activity intensity (i.e., partnered versus solitary sexual
activity). Based on the preparation hypothesis, we predicted that sexual stimuli of similar
intensities would have comparable effects on degree of lubrication, regardless of the gender of
individuals depicted in the stimuli.

Method
Participants

The final sample consisted of 20 cisgender women (M age = 21.6 years, SD = 2.9, range
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18-28), all of whom were attending university or had completed a bachelor’s degree. Most of the
women (80%) were in romantic relationships and, based on responses to a questionnaire item
adapted from the Kinsey scale (Kinsey, Pomeroy, & Martin, 1948), 17 were androphilic (i.e.,
exclusively or mostly sexually attracted to men) and 3 were androgynephilic (i.e., sexually
attracted to both men and women). Women were considered androphilic if they provided ratings
of 0 or 1 for the Kinsey item, and androgynephilic (n = 3) if they provided ratings of 2, 3, or 4. In
terms of self-identified sexual orientation, 16 of the androphilic women self-identified as
heterosexual and 1 identified as bisexual. All three androgynephilic women self-identified as
bisexual.

At the time of testing, 16 women (80%) were taking some form of hormonal
contraceptive. Of the four naturally-cycling women, one was in the follicular phase and three
were in the luteal phase of the menstrual cycle. Menstrual cycle phase was estimated using the
reverse cycle day method outlined in Lamprecht and Grummer-Strawn (1996). Of the women
who experienced sexual activity in the past four weeks, scores on the Female Sexual Function
Index (FSFI, Rosen et al., 2000) were all above the clinical cut-off (M = 31.6; range = 27.3 to
34.4; Wiegel, Meston, & Rosen, 2005), suggesting that none were experiencing clinically
significant sexual difficulties.

Prospective participants were recruited via advertisements requesting participants for a
“sexual arousal study” posted at a Canadian university. Of the 60 women who responded to the
advertisements (by telephone or email) and received information about the study, 31 remained
interested and underwent eligibility screening to ensure comfort with the experimental procedure
and to maximize the likelihood of a sexual response. Eligible participants were between the ages
of 18 and 30 and had familiarity with erotica. Women were ineligible if they: had a sexually

transmitted infection; were taking medication that could affect their sexual functioning; had a
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serious mental illness or substance abuse problem; had a history of sexual dysfunction; were
pregnant or trying to conceive; or had never experienced vaginal penetration (e.g., sexual
intercourse, digital penetration, tampon use, or pelvic examination). In addition, women were
ineligible if they had participated in the Dawson et al. (2015) study. The recruitment
advertisement and eligibility screening specified that participants must be using oral hormonal
contraceptives. Questionnaire responses indicated that four women were not using oral hormonal
contraceptives at the time of testing. Inclusion of their data did not affect the overall pattern of
results.

Twenty-one women were eligible to participate and scheduled a laboratory session. Data
from one woman were excluded because it was not possible to accurately quantify the amount of
lubrication on the LTS due to fluid absorption across the entire litmus paper for all of the LTS
trials. Data collection ceased once our target sample size of 20 women with valid data was
reached. The target was determined from funding availability and prior research on cue-
specificity; the sample size is similar to that of Suschinsky et al. (2009) who examined cue-
specificity with VPP, as well as Dawson et al. (2015) who assessed sexual responses with LTS.
Materials

Audiovisual stimuli. The experimental stimuli were comprised of 12, 240 s audiovisual
film clips, with two exemplars from six stimulus categories: nonsexual (nature scenes); female
solo masturbation (manual self-stimulation); male solo masturbation (manual self-stimulation);
female—female partnered sex (oral sex and digital-vaginal penetration); male—male partnered sex
(oral sex and penile-anal penetration); and male—female partnered sex (oral sex and penile-
vaginal penetration). The sexual films included sexual vocalizations and no music; the nonsexual
films were male narrated (also without music). Stimulus categories were chosen to be consistent

with Chivers et al. (2007), with the exception that we did not include a nude exercise category.
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All experimental stimuli consisted of two, 120 s segments portraying different actors or
nature scenes. Each exemplar within a given stimulus category contained segments excerpted
from the same two films. For example, one exemplar in a stimulus category consisted of seconds
1 to 120 of Film A followed by seconds 121 to 240 of Film B, while the second exemplar
consisted of seconds 1 to 120 of Film B followed by seconds 121 to 240 of Film A. This
arrangement was intended to maintain participants’ attention throughout each film clip and to
control for the possible influence of extraneous features (e.g., characteristics of the actors,
environment, or scene) on response patterns across VPA and LTS trials.

Four additional 60 s nonsexual film clips were used as adaptation stimuli (data not used
in analyses). Unlike the experimental film clips, the adaptation stimuli contained only one film
segment. The adaptation stimuli and the nonsexual experimental stimuli were selected from
commercially available nature documentaries and contained only nonsexual content (i.e., no
reference to sex or reproduction) about plants and animals (i.e., humans were not depicted in the
films). Previous studies in our laboratory (e.g., Dawson et al., 2015) confirmed that these
nonsexual films do not elicit physiological or self-reported sexual responses.

The sexual film clips were selected from open-access websites and have not been used in
prior research studies. The need for longer film clips to elicit measurable lubrication at the
introitus precluded us from using the 60-90 s films used in other studies in our laboratory. In
order to determine whether the films elicited the intended responses, they were tested with a
sample of gynephilic men whose penile responses were assessed with circumferential PPG
(results are available on request). Men were selected to test the stimuli because research has
consistently found that their sexual responses are specific to stimuli that correspond to self-stated
sexual attractions and preferences, and that responses to preferred sexual stimuli increase with

the intensity of the sexual activity depicted (e.g., Chivers et al., 2007). Indeed, penile responses
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and self-reported sexual arousal showed the expected variation as a function of actor gender (i.e.,
responses were greater for female sexual stimuli compared to those depicting only men;
responses to male sexual stimuli were comparable to a nonsexual stimulus). Continuously rated
self-reported sexual arousal also varied as a function of stimulus intensity, whereas penile
responses were no greater for stimuli depicting female partnered versus solitary sex. The latter
does not appear to be a result of a ceiling effect because we considered the entire film, as well as
the first 90 s. Nonetheless, the films were considered appropriate to test the cue-specificity of
women’s genital responses, but the analyses for stimulus intensity should be interpreted
cautiously.

All stimuli were presented on a 52 cm computer monitor situated at eye-level
approximately 150 cm from the participants. The participants wore noise-cancelling headphones
to hear the audio component of the films.

Vaginal vasocongestion. Changes in vaginal vasocongestion were assessed with a VPP
(Technische Handelsonderneming Coos, Purmerend, The Netherlands), which records VPA
continuously throughout each film clip using Limestone Technologies Inc. (Odessa, ON,
Canada) DataPac_USB and Preftest software, Version 10. Data were recorded at a rate of 10
samples/s and band-pass filtered (0.5-10 Hz) and the amplitude of each pulse wave was recorded
in millivolts (mV).

The VPP involves a small tampon-shaped acrylic probe—containing a light-emitted
diode and a light receptor—that is inserted vaginally. As the vaginal tissues engorge with blood
they become less transparent, resulting in more light reflected back from the tissues to the probe.
VPA is thought to represent the phasic changes in vasocongestion associated with each heartbeat
(larger amplitudes reflect greater vasocongestion). A silicone anchor was attached to the cable of

the VPP to ensure that the orange-red spectrum light source and photodiode light detector
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remained inserted to a correct and consistent depth (i.e., photodiode 5 cm from the silicone
anchor) and orientation throughout the session and across participants.

Prior to data analysis, an experimenter (masked to stimulus category) removed movement
artifacts by visual inspection. The average number of edited movement artifacts per valid female
participant across all experimental trials was 11.1 (median = 4.5). After each testing session, the
VPP was subjected to a high-level disinfection protocol (Prause & Janssen, 2005).

Genital lubrication. Genital lubrication was assessed using a litmus test strip (LTS;
Dawson et al., 2015). The LTS consists of a strip of blue litmus paper (4.7 cm x 0.6 cm;
Precision Laboratories, Cottonwood, AZ) attached to one side of a sterile white plastic applicator
(14.7 x 1.7 cm). The litmus paper is attached vertically (i.e., perpendicular to the base of the
applicator) to the test side of the applicator with double-sided medical-grade adhesive tape. On
the other side of the applicator (the marker side), a strip of bright blue medical-grade adhesive
tape (one-sided) is attached horizontally, 1 cm from the base of the applicator. The blue tape acts
as a placement marker, indicating the target depth of insertion (1 cm).

Women were instructed to place the LTS applicator at the introitus for 60 s immediately
following each film clip presentation. To facilitate the placement of the applicator, women were
directed to position a small freestanding mirror in front of their vulva. Using one hand, they
parted their labia to prevent it from coming into contact with the litmus paper. With the other
hand, they inserted the LTS with the test side facing downward so that the litmus paper was not
visible to the participants. A new LTS was used for each trial.

The amount of lubrication was quantified by measuring the length of color change on the
litmus paper (in mm). We recorded the distance from the base of the applicator to the highest
continuous point of color change on the litmus paper. Immediately following the experimental

session, two independent raters (masked to the stimulus category) used digital calipers to
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measure the length of the color change to the nearest 0.01 mm. The within-participant inter-rater
Pearson r correlation for the six experimental trials varied from .76 to 1.00 (overall average
across all 20 participants = .92; median = .98). The average of the two raters was used in the
analyses reported below.

Self-reported sexual arousal. Throughout each stimulus presentation, women were
asked to continuously rate their sexual arousal by pressing the plus (“+”) and minus (“-”") keys on
a keypad. They were instructed to press the plus key whenever they felt an increase in sexual
arousal and the minus key whenever they feel a decrease in sexual arousal; this corresponded to
the increase and decrease of a green bar on the side of the computer screen, which ranged from 0
(no sexual arousal) to 100 (maximum degree of sexual arousal, similar to that experienced before
orgasm).

Women were also asked to rate their sexual arousal (“How aroused did you feel during
the film?””) and their perceived genital response (“How aroused did your genitals feel during the
film?”) after each stimulus presentation using a 9-point Likert scale, where 1 was the lowest level
of response (i.e., no arousal) and 9 was the highest level of response (i.e., similar to the arousal
experienced before orgasm). The post-stimulus questions were presented successively on the
computer screen and women rated their sexual arousal by pressing a number on the keypad.

Questionnaires. Women completed a questionnaire package regarding their biographical
information, sexual history, sexual interests, and sexual functioning. Degree of gynephilia and/or
androphilia was assessed using a questionnaire item adapted from the Kinsey scale (Kinsey et al.,
1948; Kinsey et al., 1953). They rated their sexual attraction on a 7-point scale, where 0 reflected
sexual attraction exclusively to individuals of the opposite sex, 3 reflected equal attraction to
men and women, and 6 reflected exclusive attractions to individuals of the same sex.

The questionnaire package also contained questions related to hormonal contraceptive
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use and menstrual cycle information, and included the FSFI (Rosen et al., 2000). The FSFI is a
brief 19-item self-report measure that assesses sexual functioning in the past four weeks across
six domains: desire, subjective arousal, lubrication, orgasm, global satisfaction, and pain. Higher
scores indicate better sexual functioning. Wiegel et al. (2005) proposed that a total score of 26.55
or less total is indicative of sexual dysfunction. The measure has shown excellent internal
consistency across all domains in previous studies (o range= 0.89 to 0.96) and good test-retest
reliability (2-4 weeks; ranging from r = .79 to .86; Rosen et al., 2000). Internal consistency
ranged from 0.47 to 0.88 in the present sample.

Procedure

The University of Ottawa Research Ethics and Integrity Board reviewed and approved all
experimental procedures in accordance with the ethical guidelines of the Canadian Tri-Council
Policy Statement.

Screening. Prospective participants contacted the laboratory by phone or by email. The
experimenter (either the first author or a research assistant) provided preliminary information
about the study and outlined the eligibility criteria. Women who remained interested in
participating and who met the eligibility criteria scheduled an appointment for the experimental
session when they would not be menstruating. Women were instructed to refrain from sexual
activity 24 hours prior to testing and from physical exercise 1 hour prior to testing (Meston &
Gorzalka, 1996), and were also asked to refrain from using alcohol, tobacco, cold medications,
and recreational drugs on the day of testing. Questionnaire responses confirmed that all
participants complied with these instructions.

Session. Women were tested individually by a female experimenter. First, they received a
detailed explanation of the experimental procedure and instructions regarding the use of the

genital devices. After reading and signing the consent form, they were left alone in the dimly lit
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room. Once alone, they were instructed to undress from the waist down and to sit comfortably in
a reclining chair situated in front of the computer monitor. For the VPP trials, women were asked
to place the genital devices. For the LTS trials, women were asked to lightly wipe their vulva
using a tissue in order to remove excess vaginal fluid. They were instructed to inform the
experimenter when they were ready to begin the session. Communication was available with a
hands-free intercom; the experimenter responded either using text messages that appeared on the
participant computer monitor or responded verbally, when required.

The experimental session was composed of three parts. First, genital responses were
assessed using one of the two measurement devices—either VPP or LTS—while a series of film
clips was presented. (It would be difficult with the current technology to assess VPA and
lubrication concurrently, because both measures required insertion in the same area.) Next,
women were asked to redress and complete the questionnaire package (approximately 20 min)
before continuing the experiment using the other genital device. The order of the session (either
VPP or LTS first) was counterbalanced across participants. The genital responses of 10 women
were first assessed with VPP, followed by LTS; the order was reversed for the other 10 women.

The VPP and LTS trials followed a similar experimental procedure. First, women were
presented with two, 60 s nonsexual adaptation stimuli followed by a series of six sexual and
nonsexual experimental stimuli. The purpose of the adaptation trials was to allow women to
familiarize themselves with the genital devices and the testing procedure (the procedure for the
adaptation and experimental trials was identical). After the adaptation trials, a text message
appeared on the computer monitor asking participants whether they had any questions or
concerns before continuing with the session (none of the participants indicated that they had
question or concerns).

The experimental stimuli for both the VPP and LTS trials consisted of six 240-s film
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clips, with one exemplar from each of the six stimulus categories. The order of the stimulus
presentations was randomized for each participant. Women were asked to respond as naturally as
possible to the films and to avoid any movements (e.g., muscles contractions, genital touching,
coughing, or talking). During each film clip, women were asked to continuously rate their self-
reported sexual arousal.

The interstimulus interval was 300 s. Immediately following the end of each film clip for
the LTS trials, women were instructed to position the freestanding mirror on the chair, so that a
reflection of their vulva was visible. Next, they were instructed to place the LTS at the introitus,
using their reflection to ensure proper placement. The LTSs were located on a table within arm’s
reach of the participants and were individually packaged in resealable plastic bags that were
labeled and organized according to trial number. Once the LTS was in place, women informed
the experimenter by saying “start” out loud. After 60 s, the experimenter posted the word “stop”
on the computer monitor, signaling the woman to remove the LTS from the introitus and place it
back into the plastic resealable bag (lubrication does not continue to run on the LTS after
removal from the introitus). They were directed to place the bag with the used LTS into a drop
box, and to sit comfortably in the reclining chair until the presentation of the self-report sexual
response questions. For the VPP trials, women were instructed to simply sit comfortably after
each film clip presentation.

The two post-stimulus self-reported sexual arousal questions were presented one at a time
on the computer monitor, and appeared 120 s following the end of each film clip to ensure that
women answered the questions at exactly the same time for the LTS and VPP trials. After
making their ratings, women were instructed to sit comfortably until the word “read” appeared
on the computer monitor (180 s after the end of each film clip). At this time, women read out

loud from a magazine (with no sexual content). This distraction task provided the opportunity for
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their genital responses to return to baseline (inspection of the data revealed that VPA responses
of two women did not fully return to baseline for three trials). Women were instructed to cease
reading when they heard a ringing bell via the headphones, which was sounded 275 s after the
end of film clip (i.e., they read for 95 s). Before the next film began, women were asked (via a
message on the computer monitor) to move the green bar to a position representative of their
current degree of self-reported sexual arousal.

At the end of the entire experiment (i.e., after the trials involving the second genital
device) women were debriefed about the purpose of the study and were provided $60 CND
compensation. The entire session was approximately 3.5 hours in length.

Data Analysis

Although it is common in VPP studies to subtract the initial value at the onset of the film
(baseline) from the mean (e.g., Chivers et al., 2007) or peak (e.g., Suschinsky et al., 2009)
response, here we present mean VPA response during the 240 s film clip. Analyzing the mean is
more similar to the analyses performed for the LTS data, for which there was no baseline
measure. In this study, the within-subject correlation between women’s mean and mean-minus-
baseline VPA across all stimuli was, r(18) = .57, 95% CI [0.33, 0.74]. The overall pattern for the
results presented below is comparable using mean and mean-minus-baseline.

The correlation between genital responses and self-reported sexual arousal (i.e., sexual
concordance) was calculated using within-subject correlations to allow for comparison with
other studies (e.g., meta-analysis by Chivers et al., 2010). The Pearson correlation coefficient (r)
was computed for each participant and a Fisher’s z transformation was applied. The 95%
confidence intervals (CI) were calculated around the mean of the z-transformed coefficient. Next,
the coefficient and the 95% CI were transformed back to r.

Effect sizes for the difference between stimulus categories were calculated following the
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method outlined by Borenstein, Hedges, Higgins, and Rothstein (2009, pp. 28-30). To calculate
Cohen’s d, a difference score was computed between the means of the two within-subject
variables being compared (e.g., mean VPA for male—female partnered sex versus nonsexual
stimuli) and was divided by the standard deviation (SD) within groups, taking into account the
correlation between the pairs of data. The standard deviation within groups is the SD of the
differences between all pairs of data.

Cohen’s d tends to overestimate the effect size in small samples (Borenstein et al., 2009);
therefore, a correction factor was applied to d, resulting in Hedge’s g (Hedges, 1981). Even for
small sample sizes, the difference between Cohen’s d and its corrected form, Hedge’s g, is very
small. Readers can interpret g as they would d. All effect sizes are presented with 95% CI, which
were calculated based on the standard error of g (see Borenstein et al., 2009, pp. 28-30) using
critical t values. The error bars on the figures are within-subject 95% Cls, calculated based on the
method proposed by O'Brien and Cousineau (2014).

Results

Because of sexual orientation differences in women’s genital response cue-specificity
(e.g., Chivers et al., 2007; Rieger et al., 2015), analyses comparing responses to different
stimulus categories were performed with only the 17 androphilic women; the analyses looking at
the rank-preferred stimulus categories included all women.

Genital Lubrication

As shown in Figure 2.1, mean lubrication was higher for the male—female partnered sex
category compared to the other sexual stimulus categories: female—female sex, g = 0.41, 95% ClI
[-0.03, 0.90], female masturbation, g = 0.60 [0.28, 0.98], male—male sex, g = 0.69 [0.06, 1.40],
and male masturbation, g = 0.54 [0.17, 0.97]. Male—female partnered sex was the only category

to elicit more lubrication than the nonsexual category; the response to the other sexual stimulus
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categories was comparable to the nonsexual category: female—female sex, g = 0.14 [-0.43, 0.71],
female masturbation, g =-0.12 [-0.56, 0.31], male—male sex, g =-0.14 [-0.76, 0.47], and male
masturbation, g = -0.03 [-0.60, 0.54]. Mean lubrication was also similar when comparing male
and female sexual stimuli depicting solitary masturbation, g = 0.10 [-0.32, 0.53], and partnered
sex, g = -0.26 [-0.91, 0.35]. The intensity of sexual activity did not appear to affect the
responses: female—female partnered sex compared to female masturbation, g = 0.23 [-0.16, 0.65],
male—male partnered sex compared to male masturbation, g =-0.12 [-0.75, 0.50].
Vaginal VVasocongestion

As shown in Figure 2.2, androphilic women’s mean VPA was comparable across sexual
stimulus categories. Unlike lubrication, mean VVPA for male—female partnered sex was not
substantially higher than female—female sex, g = 0.14, 95% CI [-0.18, 0.47], male—male sex, g =
0.25[-0.03, 0.57], and male masturbation, g = 0.10 [-0.09, 0.29]. VPA was higher for male—
female sex compared to female masturbation, g = 0.31 [0.02, 0.63]. Mean VPA did not
differentiate between male and female sexual stimuli depicting masturbation, g = 0.17 [-0.45,
0.17], or partnered sex, g =-0.26 [-0.12, 0.48]. Also unlike lubrication, VPA increased in
response to all sexual stimulus categories compared to the nonsexual category: male—female sex,
g =0.66 [0.32, 1.06], female—female sex, g = 0.40 [0.22, 0.63], female masturbation, g = 0.28
[0.08, 0.51], male—male sex, g = 0.59 [0.31, 0.94], and male masturbation, g = 0.94 [0.56, 1.41].

Sexual activity intensity appeared to have a small effect on mean VPA for female—female
sex compared to female masturbation, g = 0.18, 95% CI [0.04, 0.33], but not for male—male sex
compared to male masturbation, g = -0.15 [-0.57, 0.33]. To account for the possibility that a
ceiling effect prevented the detection of a stimulus intensity effect, we examined genital
responses during the first 90 s of the stimuli (90 s is the stimulus length used in previous research

examining the intensity effect, such as Chivers et al., 2007): VPA for female—female sex was no
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higher than female masturbation, g = 0.12 [-.16, 0.41], and VVPA for male—-male sex was no
higher than male masturbation, g = -0.15 [-0.74, 0.42]. Sexual activity intensity therefore had
little, if any, effect on VPA and lubrication response magnitude.

In terms of the relationship between VPA and lubrication, the average within-subject
correlation between the two genital responses for all women was, r(18) = .28, 95% CI [0.09,
0.45] when calculated across all six stimulus categories and, r(18) = .17 [-0.10, 0.42] across the
five sexual stimulus categories.

Self-Reported Sexual Arousal

Across all three methods of assessing self-reported sexual arousal, androphilic women
consistently rated the male—female sexual stimulus as more sexually arousing than the other
sexual stimuli (as a group; see Figure 2.3). We did not observe an effect of sexual activity
intensity: Partnered sex was not rated as more sexually arousing than solitary masturbation for
the male-only nor female-only stimuli.

Concordance

Table 2.1 presents within-subject correlations between women’s genital and self-reported
responses across all six stimulus categories and across the five sexual categories (androphilic and
androgynephilic women combined). Due to a technical malfunction, continuous self-reported
sexual arousal was not recorded for one of the androphilic women’s LTS trials; her data are not
included in the continuous sexual arousal concordance scores. Overall, there was concordance
between each of the genital responses assessed (lubrication, VPA) and the three methods of
assessing self-reported sexual arousal (continuous, post-stimulus sexual arousal, post-stimulus
genital response).

To compare our results to those of Dawson et al. (2015) we performed between-subject

correlations for the androphilic women to examine the relationships between lubrication, VPA,
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and post-stimulus self-reported sexual responses to the male—female sexual stimulus. As shown
in Table 2.2, the pattern of results is similar to that of Dawson et al., whereby the associations
between genital and self-reported responses were stronger for lubrication than for VPA. Also, the
between-subject correlation between lubrication and VPA was very small and the confidence
interval included O.

Rank-Preferred Sexual Stimulus Category

For each of the 20 women, we rank-ordered the sexual stimulus categories based on her
continuous self-reported sexual arousal ratings (stimuli were ranked for each participant,
separately for VPP and LTS). This allowed us to examine the sexual stimulus preferences of all
female participants irrespective of sexual orientation. A woman’s 1% rank-preferred sexual
stimulus category refers to the category that elicited (for her) the highest mean continuous self-
reported sexual arousal; a film ranked as 5" refers to the category for which the woman provided
the lowest mean rating. We rank-ordered stimuli based on continuous sexual arousal because
there was more variability compared to post-stimulus ratings (i.e., films eliciting the same post-
stimulus ratings for a participant could not be rank-ordered).

As shown in Table 2.3, male—female partnered sex was most frequently represented
within the 1* rank-preferred category and male—-male partnered sex was most frequently in the
5™ In one instance, the mean continuous self-reported sexual arousal rating was the same for two
films; the order of the two films was determined using the participant’s post-stimulus rating for
self-reported sexual arousal. Continuous self-reported sexual arousal was not recorded for one
woman’s LTS trials; her data are not included in this set of analyses because we could not rank-
order her stimulus categories.

Figure 2.4 presents the mean lubrication response as a function of rank-preferred sexual

stimulus categories; the average of the mean continuous sexual arousal ratings is presented in
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parentheses for each stimulus category. Amount of lubrication was greater for women’s most
preferred (1%) sexual category compared to the 3, g = 0.63, 95% CI [0.22, 1.10], the 4", g =
0.51 [0.14, 0.92], and the 5", g = 0.57 [-0.02, 1.20]. Lubrication was comparable for the 1% and
2" rank-preferred categories, g = -0.09 [-0.33, 0.30], and these were the only categories that
elicited more lubrication than the nonsexual stimulus. Amount of lubrication for the 3, g = -
0.09 [-0.39, 0.20], 4™, g = 0.04 [-0.45, 0.54], and 5", g = -0.04 [-0.67, 0.58], rank-preferred
categories was comparable to the nonsexual stimulus.

A different pattern emerged when conducting the same analyses with VPA (see Figure
2.5). VPA was comparable across all sexual stimulus categories. For instance, VPA for the 1%
rank-preferred stimulus was no greater than the 2", g = 0.004, 95% CI [-0.10, 0.11], 3", g = 0.05
[-0.21, 0.32], 4™ g = 0.15 [0.006, 0.32], or 5™, g = 0.02 [-0.35, 0.39]. All rank-preferred sexual
stimuli elicited greater VPA compared to the nonsexual stimulus: 1%, g = 0.46 [0.27, 0.69], 2",
g = 0.44 [0.25, 0.66], the 3", g = 0.50 [0.22, 0.82], the 4™ g = 0.27 [0.12, 0.44], and the 5", g =
0.77 [0.39, 1.21].

Discussion

This was the first study to examine the cue-specificity of genital lubrication for gender
and activity cues. Increases in lubrication (relative to the nonsexual stimulus) were only observed
when androphilic women were presented with stimuli depicting male—female partnered sex; the
amount of lubrication was similar across all other sexual and nonsexual stimuli. Using a novel
analytic approach that allowed for the inclusion of all participants regardless of sexual
orientation (rank-preferred categories), we found substantial increases in lubrication only for
participants’ 1% and 2" most preferred sexual stimulus categories. Thus, lubrication appeared to
be specific to a particular stimulus composition—an amalgamation of cues (e.g., gender, sexual

activity, relational) that, together, were most appealing to the participant. In contrast to
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lubrication, and similar to a large body of research, VPA did not vary according to stimulus
preference. Replicating previous research, VPA demonstrated low cue-specificity for gender
(e.g., Chivers et al., 2007) and was not related to genital lubrication in most analyses (Dawson et
al., 2015).

These findings are inconsistent with the preparation hypothesis, which predicts that
genital lubrication should occur in response to any sexual cue, regardless of sexual preference or
interest. In this study, the amount of lubrication elicited by sexual stimuli rated as less sexually
appealing was comparable to the nonsexual stimulus. Presumably, the wetness on the LTS for
these stimuli corresponded to basal vaginal fluid; that is, the fluid present in the unaroused
vagina. According to Levin (2003), the amount of basal fluid is insufficient for painless
penetration and so a different mechanism is responsible for enhanced lubrication in response to
sexual stimulation. In this study, we did not include a trial baseline measure of vaginal wetness
because pilot-testing revealed that multiple pre- and post-stimulus LTS measurements resulted in
vaginal drying for some women. It is conceivable that vaginal lubrication was produced in
response to all stimuli, including the non-sexual film, but to varying degrees. If the amount
produced was sufficient to protect the relevant organs, then the preparation hypothesis may not
be in jeopardy. We find it unlikely, however, that the non-sexual stimulus would produce a
lubrication response when examination of the data showed no pre-post changes in VPA for the
non-sexual stimulus. Also, other studies using VPP (e.g., Both & Laan, 2007) or other genital
response measures (e.g., thermography: Huberman & Chivers, 2015) do not show pre-post
changes to non-sexual stimuli.

While vaginal vasocongestion has been described as a reflexive response, triggered by
any sexual stimulus (e.g., Suschinsky & Lalumiere, 2011a), it is possible that lubrication only

forms following further processing of stimuli. To the extent that lubrication functions to ready
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the reproductive organs for sexual activity, substantial increases in lubrication may occur only in
response to cues indicating a high possibility of sexual activity, such as the actual experience of
sexual activity (consensual or non-consensual) or the presentation of sexual stimuli that elicit
strong feelings of sexual arousal (e.g., above a certain threshold; the group data in Figure 4
suggest 40% of self-reported sexual arousal).

This idea is consistent with the information processing model of sexual arousal (e.g.,
Janssen, Everaerd, Spiering, & Janssen, 2000), which posits that there are two stages of cognitive
processing of sexual stimuli that differentially influence sexual responding. The initial
processing stage involves automatic appraisal of sexual cues and primes the genital response
system for activation, whereas later cognitive processing is responsible for the self-reported
experience of arousal. Results from a recent eye-tracking study support the hypothesis that there
are several stages of sexual stimulus processing, which differentially affect patterns of sexual
response in terms of cue-specificity: Using eye-tracking, Dawson and Chivers (2016) found that
women’s initial attentional processing demonstrated low cue-specificity for gender while
subsequent attentional processing was biased towards preferred sexual targets. Supporting the
hypothesis that initial attention may be responsible for early-stage genital responding, Rieger et
al. (2015) observed low gender-specificity for pupil dilation (an index of autonomic arousal),
which was positively associated with VPA.

Further evidence to support vaginal vasocongestion as early-stage genital responding
comes from studies reporting that changes in VPA precede self-reported sexual arousal
(Huberman, Dawson, & Chivers, 2017) and other physiological responses, such as clitoral
vasocongestion (Gerristen et al., 2009) and labial temperature (Huberman & Chivers, 2015). If
these methods assess later-occurring genital responding, this may explain why self-reported

sexual arousal is more strongly associated with changes in genital temperature than VPA (r = .55
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versus .26, respectively; meta-analysis by Chivers et al., 2010), as is the case for lubrication.
Later-stage processing of sexual stimuli might be contingent on the presence of preferred sexual
cues, which may influence the cue-specificity of later-stage genital responding (e.g., lubrication)
by evoking feelings of sexual arousal and desire. To elucidate whether genital responses become
more highly differentiated over time, research is needed on the time course of genital responding
to lengthy stimuli that elicit variation in self-reported sexual arousal.

In the present study, concordance between genital and self-reported sexual responses
differed based on analyses performed. Within-subject concordance estimates were similar for
LTS and VPP when considering sexual stimuli only, but were higher for VPA when considering
all stimulus categories. This is not surprising: By including the neutral stimulus, we ensured the
only strong source of variation in VPA response was included, thereby inflating concordance
estimates; analyses with only sexual stimuli, on the other hand, show stronger correlation for
LTS because different sexual stimuli produced different degrees of lubrication. Consistent with
the Dawson et al. (2015) between-subject concordance estimates, self-reported sexual arousal
was more strongly correlated with lubrication than VPA; however, confidence intervals for all
between-subject correlations were wide and crossed zero, suggesting substantial variability. If
lubrication indicates a later stage of sexual arousal than VPA, correlations between lubrication
and self-reported arousal, especially post-stimulus sexual arousal, should be higher than for
VPA—studies with larger samples should investigate this possibility.

The results of this study further support the specificity and reliability of the LTS as a
measure of sexual response. Comparison of our data with that of Dawson et al. (2015) revealed
similarities in effect size and average mm of lubrication. The strong correlation between
lubrication and self-reported sexual arousal provides further evidence of convergent validity for

the LTS as a measure of sexual response. Potential limitations of the LTS are discussed in
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Dawson et al. For instance, the addition of an anchor would facilitate accurate and consistent
placement of the LTS. A limitation specific to the current study is that the amount of lubrication
assessed by the LTS at the introitus may not accurately represent the degree of lubrication
formed deeper in the vaginal canal and, as such, it is possible that all sexual stimuli produced
small (but functional) amounts of lubrication that were undetectable using a litmus strip at the
introitus. The development of a measure of genital lubrication that does not rely on introital
lubrication would provide an opportunity to further test of preparation hypothesis and to better
understand female genital responses. We find it puzzling that 60 years after Masters' (1959)
report on lubrication, researchers have still not developed such a measure.

Another limitation of the current study is the sample size. The typical response pattern for
VPP was replicated with our sample, as well as the concordance estimates. Having found
evidence of cue-specificity for LTS but not for VPP suggests that our sample was large enough
to detect differences; however, a larger sample size would produce more convincing results. We
encourage replication from independent researchers using a larger sample size.

Somewhat surprisingly, we did not observe an effect of sexual activity intensity on
genital or self-reported sexual responses. In order to compare our results with studies reporting
an intensity effect (e.g., Chivers et al., 2007; Suschinsky et al., 2009) and to account for the
possibility of a ceiling effect, we analysed the first 90 s of the sexual stimuli; again, we found
similar responses to partnered and solitary sex. Bouchard, Chivers, and Pukall (2017) also did
not find an intensity effect for VPA when participants were presented with an intercourse
stimulus and a foreplay stimulus (e.g., kissing, undressing, manual stimulation). It is possible
that other sexual cues (e.g., sexual vocalizations, nudity) influence the elaborative processing of
the stimuli, and that stimulus differences across studies are responsible for the different results.

For instance, the Chivers et al. stimuli included sexual vocalisations (e.g., moaning) for partnered
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but not solitary sex stimuli, which may have led to greater elaboration of the sexual cues within
the former. The accumulating evidence of the sensitivity of women’s genital responses to various
contextual cues (see Chivers, 2017) highlights the challenge of comparing results from studies
using different audiovisual stimulus sets.

Replication is needed to confirm whether lubrication is a cue-specific response, strongly
related to the experience of sexual arousal. It is possible that increases in vaginal vasocongestion
result in the formation of lubrication only under certain conditions. If so, this suggests that our
understanding of the basic physiological components of women’s genital response—and how
these interact with cognitive processes—may be incomplete. Speculation about the relationship
between VPA and lubrication may be premature given the lack of clarity as to which
physiological process the VPP actually measures (see Prause & Janssen, 2005)—whether it is
indeed vasocongestion or some other process, such as vasomotion (Levin & Wylie, 2008).
Comparing LTS responses to other genital response measures (e.g., thermography, laser Doppler
imaging) may elucidate the relationships among the many physiological components of the
sexual response (Huberman et al., 2017). While no firm conclusions can be drawn regarding the
state of the preparation hypothesis, the results of this study nevertheless call it into question as an

explanation for the low cue-specificity observed for vaginal vasocongestion.
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Mean Within-Subject Correlations (r) and 95% CI Between Genital Responses and Three Indices of
Self-Reported Sexual Arousal Across All Stimuli (top) and Sexual Stimuli Only (bottom)

VPP

LTS

All stimuli

Continuous sexual arousal
Post-stimulus sexual arousal

Post-stimulus genital arousal

66 [0.34, 0.84]
.71 [0.52, 0.83]

.74 [0.57, 0.85]

44 [0.23, 0.61]
45 [0.24, 0.62]

39 [0.22, 0.53]

VPP

LTS

Sexual stimuli only

Continuous sexual arousal
Post-stimulus sexual arousal

Post-stimulus genital arousal

.36 [-0.05, 0.66]
51 [0.20, 0.72]
52 [0.15, 0.77]

52 [0.29, 0.70]
57 [0.22, 0.79]
48 [0.28, 0.65]
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Table 2.2

Between-Subject Correlations (r) and 95% CI Between Genital and Self-Report Measures of Sexual
Response for the Current Study and for Dawson et al. (2015)

Lubrication Self-reported sexual arousal Perceived genital arousal
Current Dawson Current Dawson Current Dawson
LTS - - 34 61 37 51
[-0.21, 0.73] [0.22, 0.83] [-0.18, 0.74] [0.07, 0.78]
VPA .05 13 19 .006 .08 .06

[-0.47,055]  [-0.34,0.55]  [-0.36,0.64]  [-0.45046]  [-0.45,057]  [-0.41,0.50]

Note. Data for androphilic women only. Sexual responses were elicited via stimuli depicting male—
female partnered sex.
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Table 2.3

Number of Times That a Sexual Stimulus Category was Represented Within Each Rank-
Preferred Category

Stimulus 5t 4t 3 2" 1%t

Type LTS VPP LTS VPP LTS VPP LTS VPP LTS VPP
M 3 6 9 7 4 1 2 2 1 1
MM 10 8 3 5 3 2 0 0 3 3
F 2 1 4 4 5 7 3 5 5 1
FF 2 2 2 2 5 5 6 6 4 3
MF 2 1 1 0 2 3 8 4 6 10

Note. Data are based on 19 women due to a malfunction in recording the continuous self-
reported sexual arousal of 1 participant. Underlined numbers represent the most frequent
stimulus type in each rank-preferred category.
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Figure 2.1. Mean lubrication (in mm) of the androphilic women (n = 17) as a function of
stimulus category. Error bars represent 95% CI. N = nonsexual; M = male solitary masturbation;
MM = male—male partnered sex; F= female solitary masturbation; FF = female—female partnered
sex; MF = male—female partnered sex
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Figure 2.2. Mean VPA of the androphilic women (n = 17) as a function of stimulus category.
Error bars represent 95% CI. N = nonsexual; M = male solitary masturbation; MM = male-male
partnered sex; F= female solitary masturbation; FF = female—female partnered sex; MF = male—
female partnered sex
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Figure 2.3. Mean continuous self-reported sexual response (top row), post-stimulus self-reported
sexual response (middle row), and perceived genital response (bottom row) of the androphilic
women (n = 17) as a function of stimulus category for the lubrication trials (left column) and the
VPA trials (right column). Error bars represent 95% CI. N = nonsexual; M = male solitary
masturbation; MM = male—male partnered sex; F= female solitary masturbation; FF = female—

female partnered sex; MF = male—female partnered sex
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Figure 2.4. Mean lubrication of the androphilic and androgynephilic women (n = 19) as a
function of rank-preferred category, where 5™ = least preferred and 1% = most preferred sexual
stimulus. Values in parentheses below data points represent the average of the mean continuous
self-reported sexual arousal rating for each category. Error bars represent 95% CI.
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Figure 2.5. Mean VPA of androphilic and androgynephilic women (n = 19) as a function of
rank-preferred category, where 5" = least preferred and 1% = most preferred sexual stimulus.
Values in parentheses below data points represent the average of the mean continuous self-
reported sexual arousal rating for each category. Error bars represent 95% CI.
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Abstract
Women'’s genital responses measured with a vaginal photoplethysmograph (VPP) demonstrate
relatively low cue-specificity for gender/sex cues—the difference in genital responses between
sexual stimuli with male or female content is relatively small compared to that of men. Cue-
specificity for gender/sex cues is particularly low for androphilic women. It is common practice
to compare responses to sexual stimuli (typically 60—120 s film clips) using a mean or peak
(highest) value. This approach overlooks the continuous and dynamic nature of sexual
responding during a stimulus. Recent results suggest that cue-specificity of genital response may
increase throughout the duration of a sexual stimulus. We tested this possibility in a sample of 18
androphilic women. Sexual stimuli consisted of 240 s audiovisual film clips depicting male
and/or female partnered sex or solitary masturbation. Gender/sex cue-specificity, assessed using
VPP, did not vary across time: The degree of cue-specificity and the magnitude of genital
response were established by approximately 60—-90 s and were consistent throughout the stimulus
duration. Low cue-specificity for genital response was observed despite variation in self-reported
sexual arousal across stimulus categories. The findings are discussed within the context of initial-
and later-occurring aspects of the sexual response, according to the information processing
model of sexual arousal. The results also suggest that 90-120 s stimuli are of sufficient duration
to capture vaginal photoplethysmographic responses to audiovisual stimuli in sexual

psychophysiological research.
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Sexual responding can involve a complex interaction of physiological changes, cognitive
processes, emotional expressions, and motivated behaviour (Chivers, 2005; Geer, Lapour, &
Jackson, 1993; Rosen & Beck, 1988). Advances in the assessment of sexual response have
allowed researchers to quantitatively assess the physiological and psychological changes that
occur in response to sexual stimuli. In the laboratory, genital response is commonly assessed
using measures of genital vasocongestion. Sexual stimulation can be induced using sexual
images or films depicting sexual activities or audio-narratives describing sexual interactions.
Using these stimulus modalities, researchers can experimentally manipulate the presentation of
sexual cues, such as those depicting characteristics of the sexual target (e.g., physical sex
characteristics, sexual maturation) or aspects of the sexual interaction (e.g., sexual activity type
and intensity, consensual nature of the encounter, relationship context), and assess the impact of
cue variations (e.g., male vs. female sexual targets) on sexual responding (e.g., Chivers, Rieger,
Latty, & Bailey, 2004; Chivers, Roy, Grimbos, Cantor, & Seto, 2014; Chivers & Timmers, 2012;
Lann, 1994; Laan & Everaerd, 1995; Sawatsky, Dawson, & Lalumiere, 2018; Sawatsky &
Lalumiére, 2020; Spape, Timmers, Yoon, Ponseti, & Chivers, 2014; Suschinsky & Lalumiere,
2011a, 2011b; Suschinsky, Lalumiére, & Chivers, 2009).

A well-replicated difference between men and androphilic women has been observed in
the degree of genital response cue-specificity for gender/sex cues (or gender/sex cue-specificity);
by gender/sex cues we mean the genitals and secondary sex characteristics related to maleness or
femaleness (sex), or the behaviours or traits associated with masculinity or femininity in a
particular culture (gender) of a sexual target depicted in a sexual stimulus (van Anders, 2015,
recommends the term gender/sex in contexts when gender and sex cannot be disentangled). The
genital responses of both androphilic (i.e., sexually attracted to men) and gynephilic (i.e.,

sexually attracted to women) men tend to be elicited by gender/sex cues that correspond with
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stated sexual preferences and interests (e.g., Blanchard, Klassen, Dickey, Kuban, & Blak, 2001,
Freund, Watson, & Rienzo, 1989; Lykins et al., 2010; Rieger, Chivers, & Bailey, 2005;
Rosenthal, Sylva, Safron, & Bailey, 2012; Sakheim, Barlow, Beck, & Abrahamson, 1985).
Relative to men, the genital responses of androphilic women demonstrate much lower gender/sex
cue-specificity (e.g., Chivers et al., 2004; Chivers & Bailey, 2005; Chivers, Seto, & Blanchard,
2007; Laan, Sonderman, & Janssen, 1996; Peterson, Janssen, & Laan, 2010; Suschinsky et al.,
2009; reviewed by Chivers, 2017; Lalumiére, Sawatsky, Dawson, & Suschinsky, 2020). In fact,
androphilic women consistently show comparable genital response magnitudes to depictions of
sexual activity involving men or women (e.g., Chivers et al., 2004, 2007; Suschinsky et al.,
2009) and this is despite variation in self-reported sexual arousal to male versus female sexual
cues (e.g., Bossio, Suschinsky, Puts, & Chivers, 2014; Chivers et al., 2004, 2007, 2014; Chivers
& Timmers, 2012; Suschinsky et al., 2009). A sexual orientation difference has also emerged
among women such that women reporting any degree of gynephilia show greater cue-specificity
compared to exclusively androphilic women (reviewed by Chivers, 2017; for an exception see
Pulverman, Hixon, & Meston, 2015, who reported gender/sex cue-specificity for genital
response among androphilic but not gynephilic women).
The Multifaceted and Dynamic Nature of Sexual Response

The sexual response includes different physiological changes and the emotional
experience of sexual arousal. According to the information processing model (IPM) of sexual
arousal (e.g., Geer et al., 1993; Janssen, Everaerd, Spiering, & Janssen, 2000), the initial
processing stage involves the automatic appraisal of cues. When a cue evokes sexual meaning in
memory, this initiates a reflexive genital response (i.e., initial genital vasocongestion) and
attention is captured automatically. Subsequent conscious processing of the sexual cue gives way

to the self-reported experience of sexual arousal and a proliferation of genital response (Janssen
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et al., 2000).

Studies of genital lubrication provide initial evidence of the differences in initial versus
later-stage sexual responding, specifically as it pertains to cue-specificity. Whereas most
research on cue-specificity uses measures of genital vasocongestion, such as the vaginal
photoplethysmograph (VVPP) or thermographic imaging of the external genitalia (e.g., Huberman
& Chivers, 2015; Suschinsky et al., 2009), a recent study by Sawatsky et al. (2018) examined the
effect of gender/sex cues on genital lubrication—an aspect of genital response that is thought to
occur subsequent to the initial increase in vaginal vasocongestion (Levin, 2003; Masters, 1959;
Masters & Johnson, 1966). Lubrication was assessed using litmus test strips (LTSs; Dawson,
Sawatsky, & Lalumiére, 2015) that were placed by participants at the introitus at the conclusion
of each stimulus presentation. Vaginal pulse amplitude (VPA), an index of vaginal
vasocongestion within the vaginal canal, was measured continuously during each stimulus
presentation using the VPP. Stimuli consisted of 240-s audiovisual film clips depicting variations
of male and female partnered and solitary sexual activity. Given the purported association
between vaginal vasocongestion and lubrication (Levin, 2003), it was hypothesized that VPP and
LTS would produce very similar response patterns.

Results for VPA replicated previous research showing low gender/sex cue-specificity
(Sawatsky et al., 2018). In contrast, lubrication only increased when androphilic women were
presented with stimuli depicting male—female partnered sex. The degree of lubrication to the
other sexual stimulus categories was comparable to a nonsexual stimulus, suggesting that
lubrication was cue-specific for male—female sex. In a separate analysis involving both
androphilic and androgynephilic (sexually attracted to both men and women) women, lubrication
only increased for stimuli rated as the most sexual arousing. This study was one of the first to

find evidence of gender/sex cue-specificity for genital response among androphilic women.
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Vaginal vasocongestion is purported to be a precursor to lubrication (Levin, 2003;
Masters, 1959; Masters & Johnson, 1966), yet two studies have reported weak correlations
between VPP and the LTS (Dawson et al., 2015; Sawatsky et al., 2018). A potential explanation
for the weak correlations and, relatedly, the discrepancy in the degree of cue-specificity observed
for VPP and LTS, is that each measure may be assessing different stages of genital response
(Sawatsky et al., 2018). Lubrication may have been more cue-specific because it was measured
at the end of the 240-s stimuli, unlike VPA, which was assessed continuously during the films.
Moreover, VPA was averaged across the duration of each film, which fails to account for the
dynamic nature of vaginal vasocongestion and the possibility that VPA may become increasingly
cue-specific over time (as discussed by Sawatsky et al., 2018). Although VPA is thought to
capture vasocongestion that occurs automatically and reflexively in response to any sexual
stimulus (Chivers, 2005; Gerritsen et al., 2009), an IPM-derived hypothesis would suggest that
further processing and elaboration of sexual cues may result in greater genital response cue-
specificity over time, even when assessed using the VPP.

Sawatsky et al. (2018) proposed that cues indicating a high likelihood of sexual
activity—such as the actual experience of sexual activity or viewing sexual stimuli that elicit
strong feelings of sexual arousal—result in response differentiation and cue-specificity,
especially under circumstances that allow for these responses to develop (i.e., longer duration
stimuli). With the onset and accretion of feelings of sexual arousal, the initial increase in vaginal
vasocongestion is maintained, allowing for a cascade of relatively later-stage aspects of the
genital response, such as the formation of lubrication. Downstream or later-stage aspects of the
genital response may be more perceptible to women (e.g., changes in lubrication, blood flow, or
temperature of the external genitalia) compared to changes in the vaginal epithelium (Chivers,

2017; Chivers Seto, Lalumiere, Laan, & Grimbos, 2010; Waxman & Pukall, 2009), and this
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perception of genital response may have a bidirectional influence on the emotional experience of
sexual arousal (Janssen et al., 2000). Indeed, there is evidence that the agreement between
perceived and physiologically-measured genital response is stronger for vulvar blood flow and
genital lubrication than for vasocongestion within the vaginal walls (Bouchard, Chivers, &
Pukall, 2017; Bouchard, Dawson, Shelley, & Pukall, 2019; Dawson et al., 2015; Sawatsky et al.,
2018). In contrast, when presented with sexual cues that indicate a low likelihood of sexual
activity (e.g., viewing a non-preferred sexual target, viewing non-preferred or aversive sexual
activities), the initial increase in vaginal vasocongestion assessed using VPP may dissipate with
the further processing and appraisal of the sexual stimulus if given the opportunity over longer
stimulus durations.

Examining vasocongestion across the duration of relatively longer-length stimuli of
various sexual categories may elucidate whether cue-specificity emerges if given the
opportunity. It is common practice to analyze VPA using a single peak or mean value to
represent the genital response to a given stimulus (e.g., Bossio et al., 2014; Chivers & Bailey,
2005; Chivers & Timmers, 2012; Dawson, Lalumiére, Allen, Vasey, & Suschinsky, 2013;
Dawson, Suschinsky, & Lalumiere, 2013; Heiman, 1980; Peterson et al., 2010; Rieger et al.,
2005; Sawatsky et al., 2018; Spape et al., 2014; Suschinsky & Lalumiere, 2011a, 2011b), which
may obscure dynamic changes from being observed because it restricts the response to a single
time point or an average of the response over time. Moreover, peak or mean responses are
typically calculated for 60-120 s film clips (e.g., Bossio et al., 2014; Chivers et al., 2004, 2007,
2014; Sawatsky et al., 2018; Suschinsky et al., 2009), which may be too brief to allow for
changes in cue-specificity to emerge.

Time Course of Sexual Response

Vaginal vasocongestion assessed using VPP occurs rapidly, within seconds of the onset
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of a sexual stimulus (Huberman, Dawson, & Chivers, 2017; Laan & Everaerd, 1995; Laan &
Janssen, 2007; Suschinsky, 2012). According to Levin (1980, 1992), who visually inspected VPP
recordings, increases in vaginal vasocongestion can be observed within one to two seconds of
sexual stimulation and precede the formation of vaginal lubrication. VVaginal lubrication is
initiated 5-15 s after the onset of sexual stimulation and coalesces to cover the vaginal lumen
within 10-30 s (based on observational measures; Masters, 1959; Masters & Johnson, 1966).
Increases in vasocongestion assessed using VPP have also been found to precede increases in
clitoral blood volume assessed using clitoral photoplethysmography (Gerritsen et al., 2009), and
changes in labial temperature measured using thermography (Huberman & Chivers, 2015;
Huberman et al., 2017).

Huberman et al. (2017) examined the time course of self-reported sexual arousal and of
genital response assessed with VPP and thermography, as well as the dynamic relationships
between these measures over time among androphilic women. The average time to onset of the
initial VPA response and the average time to peak response were both approximately 20 s. Initial
and peak response occurred sooner for VPA than for genital temperature and self-reported sexual
arousal. VPA increased rapidly and leveled off 