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General Abstract 

 The present work investigated potential hormonal influences on sex differences 

in sexual arousal, with most men being aroused to one sex, and most women being 

aroused to both sexes. Within women, I also investigated whether prenatal hormonal 

influences explain why homosexual women have more male-typical arousal, and are 

more masculine, than heterosexual women. Chapter 1 summarises the literature. In 

Chapter 2, I investigated whether sex differences in sexual arousal, reflected in genital 

response and pupil dilation to sexual stimuli, are related to the sex difference in 

prenatal androgen exposure, reflected in a putative biomarker, the second to fourth 

finger digit ratio (2D:4D). In Chapter 3, I examined whether homosexual women's 

male-typical sexual arousal is explained by their male-typical 2D:4D, as compared to 

heterosexual women. Chapter 4 investigated whether homosexual women's 

behavioural masculinity is explained by their male-typical 2D:4D. Finally, Chapter 5 

explored an alternative explanation for the sex difference in arousal: That unlike men, 

women may empathise with actors depicted in explicit sexual stimuli, and thus mirror 

female actors' sexual arousal by becoming aroused themselves. Overall, we 

confirmed hypothesised sex differences in sexual arousal, empathy, and 2D:4D. 

However, there was no evidence that these sex differences were interlinked. In 

women, we confirmed sexual orientation differences in sexual arousal and masculinity-

femininity, but failed to replicate the previously reported sexual orientation difference 

in 2D:4D. Moreover, there was no evidence that women's sexual arousal patterns or 

masculinity were related to their 2D:4D. In sum, studied sex and sexual orientation 

differences might be driven by other factors than prenatal androgen exposure. 

However, the limitations of 2D:4D need to be considered. Furthermore, sex differences 

in empathy does not serve as an alternative explanation (alternative to androgen 

exposure) for sex differences in sexual arousal patterns. 
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Chapter 1 General 
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 Research into sexual arousal has uncovered a robust difference between the 

sexes: Men tend to respond to their preferred sex over the other sex, whereas women 

tend to respond to both sexes more equally than men (Chivers, Rieger, Latty, & Bailey, 

2004). This sex difference has been found using several measures of sexual 

response, including genital arousal (Chivers et al., 2004; Rieger et al., 2015; Rieger, 

Savin-Williams, Chivers, & Bailey, 2016; Suschinsky, Lalumière, & Chivers, 2009), 

pupil dilation (Attard-Johnson, Bindemann, & Ó Ciardha, 2016; Rieger et al., 2015; 

Rieger & Savin-Williams, 2012), viewing time (Ebsworth & Lalumière, 2012; Israel & 

Strassberg, 2009) and neural responses (Safron, Sylva, Klimaj, Rosenthal, & Bailey, 

2019; Sylva et al., 2013). Thus, men’s sexual arousal patterns correspond strongly 

with their self-reported sexual orientation, whereas in women, their sexual arousal 

patterns correspond only weakly with their sexual orientation. Previously this has 

resulted in a debate over whether women have a sexual orientation at all: In men, their 

sexual orientation is informed by their sexual arousal, and cause them to seek out 

desirable sexual partners, whereas in women, their sexual arousal may have less of 

a purpose to orient towards a potential partner, but to respond to a sexual situation 

(Bailey, 2009). 

There are several theories on why this particular sexual arousal pattern occurs 

in women, which are not necessarily mutually exclusive (see review by Chivers, 2017): 

For example, that women’s sexuality may depend more on contextual and social 

factors than men’s (Baumeister, 2000), or that their sexual responses change 

according to their levels of fertility, which does not occur in men (Gangestad & 

Simpson, 2000). The most prominent of these proposed explanations is the 

“preparation hypothesis” (Suschinsky & Lalumière, 2011), which holds that since 

forced copulation is common in many animal species, including humans (Galdikas, 
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1985; Palmer, 1989), and because forced copulation can lead to genital injury 

(Slaughter, Brown, Crowley, & Peck, 1997), women may have evolved to respond to 

any sexual situation, even if unwanted or unpleasant, with genital arousal. Their 

arousal could result in vaginal lubrication, and thereby mitigate this risk of forced 

copulation, and over time, this may have resulted in females evolving to respond to 

any type of sexual stimulation with some degree of sexual response. This theory 

gained traction after a 2011 study in which male and female participants were shown 

a range of sexual stimuli: While men showed the strongest genital response to stimuli 

featuring consensual and non-violent sex, women showed similar responses to all 

stimuli, even those featuring violence (Suschinsky & Lalumière, 2011). However, more 

recent findings challenge this theory. Although women show an increase in vaginal 

pulse amplitude to both sexes, they still only lubricate to their preferred sex (Sawatsky, 

Dawson, & Lalumière, 2018). Despite this challenge to the preparation hypothesis, it 

is still possible that there is some truth to it. That is, perhaps increased vaginal pulse 

amplitude is a necessary pre-cursor for lubrication, but it only leads to lubrication when 

sexual activity is seemingly imminent, due to strong subjective arousal or the presence 

of a sexual threat. Thus, the preparation hypothesis remains the favored theory for 

explaining the non-specific sexual arousal patterns seen in women (see review by 

Lalumière, Sawatsky, Dawson, & Suschinsky, 2020). 

 The matter is complicated further by the presence of a weak, but reliable, sexual 

orientation difference within women: In general, all women respond to stimuli featuring 

either sex, regardless of their own sexual orientation, but homosexual women are an 

exception to this pattern: Although homosexual women do still respond to stimuli 

featuring both sexes, they show, on average, a slight preference for stimuli featuring 

their preferred sex (females) over their non-preferred sex (males). As with the sex 
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difference, this pattern has been detected repeatedly using different measures, 

including genital arousal (Chivers et al., 2004; Chivers, Seto, & Blanchard, 2007; 

Rieger et al., 2016), pupil dilation (Rieger et al., 2015; Rieger & Savin-Williams, 2012), 

and viewing time (Ebsworth & Lalumière, 2012; Lippa, 2012). Thus, homosexual 

women’s responses can be considered somewhat “male-typical”, in that they show a 

preference for one sex other the other, and this pattern is not seen in heterosexual or 

bisexual women, who exhibit the more "female-typical" pattern of more equal, bisexual 

arousal. 

 In addition to their male-typical sexual arousal patterns, homosexual women 

tend to be more masculine and less feminine than heterosexual women, on average, 

in their nonsexual behaviors, interests, activities, and self-concepts (Bailey & Zucker, 

1995; Lippa, 2020; Rieger et al., 2016). This extensively-studied sexual orientation 

difference originates in childhood, before individuals are aware of their adult sexual 

orientation, with longitudinal studies determining that early childhood masculinity 

robustly predicts homosexual attractions in females later in life (Li, Kung, & Hines, 

2017; Xu, Norton, & Rahman, 2019). Furthermore, based on evaluations by others of 

their childhood photographs and videos, girls who identified as homosexual in 

adulthood were rated as more masculine and less feminine than girls who later 

identified as heterosexual (Rieger, Linsenmeier, Gygax, & Bailey, 2008; Watts, 

Holmes, Raines, Orbell, & Rieger, 2018b). Correspondingly, homosexual women go 

on to report more male-typical and less female-typical interests than heterosexual 

women in adulthood (Lippa, 1991, 2005, 2008).  

 In addition to this gender difference by sexual orientation in masculinity-

femininity, there is greater variability in the masculinity-femininity of homosexual 

women than heterosexual women. Some homosexual women are particularly 
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masculine, both in comparison with heterosexual women, and in comparison with 

other homosexual women, and this pattern has been found in self-reports about male-

typical versus female-typical interests and activities, as well as observer ratings of 

women’s male-versus female-typical behaviors (Lippa, 2005, 2008, 2015; Rieger et 

al., 2008; Rieger, Linsenmeier, Gygax, Garcia, & Bailey, 2010; Rieger et al., 2016). 

This variability is well-known in homosexual women's culture, with those who self-

identify as masculine calling themselves “butch” and those who self-identify as 

feminine calling themselves “femme” (Brown, Finn, Cooke, & Breedlove, 2002a). 

 The present research program focused on several possible connections of the 

aforementioned distinctions between women of different sexual orientations. First, 

there may be a relationship between homosexual women's male-typical arousal and 

male-typical behavior, possibly because they have been shaped by a common factor. 

That is, perhaps there is a core influence such as prenatal androgenization that 

explains why homosexual women are, in general, more male-typical in both their 

sexual arousal and other, nonsexual behaviors and expressions. Previous research 

has examined a relevant hypothesis, assuming that masculinity-femininity is an 

indicator of early androgenization (Rieger et al., 2016). The prediction was that 

homosexual women's male-typical arousal (as compared to heterosexual women's) 

would be statistically explained (mediated) by their degree of nonsexual masculinity-

femininity (measured via self-report and observer ratings). However, although both of 

these findings were separately confirmed (with homosexual women having male-

typical arousal patterns and more masculine non-sexual behaviors), there was no 

indication that these findings were related in any way (Rieger et al., 2016).  

A further focus of the present research was on the aforementioned finding that 

there is greater variability in homosexual women's degree of masculinity-femininity 
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compared to heterosexual women. There is also extensive variability in women's 

sexual arousal patterns in general (Chivers et al., 2007; Rieger et al., 2015), and some 

homosexual women are particularly male-typical in their arousal compared to others 

(Rieger et al., 2016). Hence, those homosexual women who display the most male-

typical sexual arousal patterns could also be those who show the most male-typical 

behavior as compared to other women. This hypothesis has also been tested, but no 

such pattern could be confirmed. A conclusion of that study was that even though 

female homosexuality links to male-typical sexual arousal, and, separately, to male-

typical nonsexual behavior, these sexual and nonsexual traits did not appear to be 

influenced by a common factor (Rieger et al., 2016). 

 Yet, perhaps non-sexual masculinity-femininity is a poor measure of prenatal 

androgenization, and the previous research by Rieger et al. (2016) may have found a 

spurious null result for this reason. Perhaps a more appropriate measure of 

androgenization would better explain the male-typical sexual arousal patterns (if not 

the male-typical nonsexual behaviors) of homosexual women. A large body of 

literature suggests that most differences between the sexes, including sexual 

orientation and gender behavior, may be the result of exposure to elevated levels of 

androgens (testosterone in particular) during prenatal development (Breedlove, 2017; 

Morris, Jordan, & Breedlove, 2004). Since true causal evidence for this link cannot be 

ethically gathered from humans, it is informative to look at animal work on the effects 

of androgen exposure during fetal development. For example, female guinea pigs 

exposed to testosterone during foetal development displayed more male-typical 

mounting behaviours and less female-typical lordosis behaviours in adulthood than 

control females. These behavioural changes were permanent, and persisted after the 

foetal treatment had ceased (Arnold, 2009). Research on primates has found similar 
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results: Pregnant female rhesus macaques were exposed to testosterone either at an 

early stage of gestation (day 40 – day 64, roughly equivalent to the first trimester in 

humans) or a late stage of gestation (day 115 – day 139, roughly equivalent to the 

third trimester in humans). Early-androgenized females showed somewhat more 

male-typical genitalia in addition to male-typical sexual behaviors, such as different 

kinds of mounts which are normally only displayed by males. Additionally, they 

groomed their mothers at a reduced rate – a male-typical non-sexual pattern of 

behavior. Late-androgenized females tended to show male-typical non-sexual 

behaviors such as rough play, play initiation, and being the recipient of play initiation 

(Goy, Bercovitch, & McBrair, 1988). It therefore appears that sexual and nonsexual 

behaviors may be masculinized by androgen exposure during different periods of 

prenatal development, but that there is some degree of overlap between periods which 

masculinize sexual and non-sexual behaviors. However, due to biological differences, 

animal studies cannot be taken as authoritative with regards to human populations. 

 Although animal models suggest a causal link between prenatal androgen 

exposure and adulthood behavior, in humans, we must rely on the use of biomarkers 

– lasting indications on the body which are hypothesized to vary according to an 

individual’s degree of exposure to androgens during fetal development. Of these 

biomarkers, the easiest to measure is the ratio of the length of the second digit to that 

of the fourth digit (2D:4D). This ratio shows a reliable sex difference, with men having 

lower (more masculine) ratios than women on average, suggesting they are exposed 

to higher levels of androgens even during the early stages of fetal development (Galis, 

Ten Broek, Van Dongen, & Wijnaendts, 2010; Grimbos, Dawood, Burriss, Zucker, & 

Puts, 2010; Hönekopp, Bartholdt, Beier, & Liebert, 2007; Xu & Zheng, 2015). Since, 

as previously mentioned, prenatal androgen exposure may be the underlying factor 



  P a g e  | 8 

 

explaining the majority of sex differences in brain and behavior, it follows that this 

reliable sex difference in 2D:4D should be linked to the sex difference in sexual 

response patterns. In Chapter 2, we examined whether this was the case. 

Furthermore, in women (but not in men), 2D:4D has repeatedly been linked to 

sexual orientation, with homosexual women having lower (more male-typical) 2D:4D 

than heterosexual women on average, which suggests that homosexual women are 

exposed to higher levels of androgens during fetal development than heterosexual 

women (Kraemer et al., 2006; Putz, Gaulin, Sporter, & McBurney, 2004; Rahman, 

2005; Rahman & Wilson, 2003; Wallien, Zucker, Steensma, & Cohen-Kettenis, 2008; 

Watts, Holmes, Raines, Orbell, & Rieger, 2018a; Williams et al., 2000). Furthermore, 

one study suggests a link between 2D:4D and masculinity-femininity within 

homosexual women, with homosexual women who self-identify as “butch” (i.e. 

masculine) having a lower (more male-typical) 2D:4D than homosexual women who 

identify as “femme” (i.e. feminine) (Brown et al., 2002a). Thus, it is possible that 

prenatal androgen exposure – measured via 2D:4D – may prove to be the factor which 

explains why homosexual women are, on average, more male-typical in both (or 

either) their sexual arousal patterns and their nonsexual behaviors and self-concepts. 

Moreover, variation in 2D:4D could potentially explain increased variation of sex-typed 

traits within homosexual women, with some being more masculinized for a given trait 

than others. 

 Since the exact relationship between sexual arousal, sexual orientation, 2D:4D 

and masculinity-femininity is unclear, we conducted two separate empirical studies 

centered around 2D:4D as putative indicator of androgenization. In Chapter 3, we 

examined whether the relationship of male-typical sexual arousal and female sexual 

orientation can be explained by 2D:4D ratio. We also examined whether we could find 
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evidence for the previously-stated hypothesis that the link between male-typical sexual 

arousal and sexual orientation can be explained by another proxy of early testosterone 

exposure, which was behavioral masculinity-femininity (Rieger et al., 2016). 

 In Chapter 4, we attempted to explain the link between behavioral female 

masculinity-femininity and sexual orientation using our putative measure of prenatal 

androgenization, 2D:4D. Additionally, because of the evidence that homosexual 

women may be more variable in masculinity-femininity than other women, we further 

examined whether variation in 2D:4D explained why some homosexual women are 

particularly masculine, and others are not. That is, we investigated whether the most 

masculine homosexual women had the most male-typical digit rations, both compared 

to heterosexual women but also to other homosexual women who are not very 

masculine. 

 A further goal of the present research program was unrelated to the studies that 

focused on female sexual orientation: Instead, we aimed to explain overall sex 

differences in sexual response. This particular study was based on the feedback from 

our participants. We sometimes present participants in the laboratory with their own 

results, and women are often surprised to find that they responded equally to both 

males and females despite having a strong preference for one over the other. Although 

many participants are amused and puzzled by this trend – and can offer no explanation 

for it – several female participants offered the explanation of empathy. Specifically, 

some suggested that women automatically put themselves “in the shoes” of the 

pornographic actors (particularly the females) and become aroused on her behalf. 

Explaining the sex difference in sexual arousal via this personality trait is, to our 

knowledge, not something previously attempted in any study. However, these 

suggestions by participants do fit with the literature on empathy: Several studies have 
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pointed out that women have a greater degree of empathy, on average, than men. 

This difference first emerges in childhood, widens in adolescence, and carries on into 

adulthood (Hoffman, 1977; Lam, Solmeyer, & McHale, 2012; Rose & Rudolph, 2006). 

A subscale of these measures of empathy is “perspective-taking”, which deals 

specifically with putting oneself into the shoes of an observed individual, such as in 

the manner described by participants. The idea of a link between empathy and sexual 

arousal is further bolstered by plausible joint neurological and developmental 

mechanisms. Mirror neurons fire both when an action is performed and when the same 

action is observed: For example, a mirror neuron which responds when an individual 

grasps an object would respond identically when watching the hand of another 

individual grasping an object (Rizzolatti & Craighero, 2004), and previous research 

has shown that a person’s degree of self-reported empathy can predict the strength of 

this mirror neuron response (Jabbi, Swart, & Keysers, 2007). Furthermore, mirror 

neurons were reported to activate in response to sexual stimuli in a sample of male 

participants (Mouras et al., 2008). As such, activation of mirror neurons provides a 

potential explanation for how an observer may experience genital arousal from 

witnessing an actor in a stimulus experience genital arousal, regardless of the 

observer’s own sexual orientation, and the sex difference in empathy could explain 

why this occurs in women more strongly than in men. 

 In addition to mirror neurons as a potential explanation for the link of empathy 

to sexual response, there appears to be a link between empathy levels and prenatal 

androgen exposure. One study measured androgen levels in the amniotic fluid of 193 

pregnant women, and later found that those children exposed to higher levels of 

androgens in the womb scored lower on self-reported empathy at ages 6-8 (Chapman 

et al., 2006). Another study measured androgens in children’s saliva and found similar 
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results, with higher androgen levels predicting lower empathy scores (Pascual-

Sagastizabal et al., 2013). We therefore consider the possibility of a link between 

empathy and sexual arousal patterns to be plausible, and we explore this in Chapter 

5. 

 Thus, in broad terms, this PhD thesis attempted to explain sex and sexual 

orientation differences in sexual arousal and masculinity-femininity, with a focus on 

women. However, the structure of this thesis is not simply three studies which relate 

to each other in a linear fashion. Chapter 2 was concerned with sex differences in 

sexual response patterns between men and women, and whether these can be 

explained by a corresponding sex difference in 2D:4D. Chapter 3 examined whether 

differences in 2D:4D or masculinity-femininity can explain sexual orientation 

differences in sexual arousal among women. Chapter 4 examined whether differences 

in 2D:4D can explain sexual orientation differences in masculinity-femininity among 

women, or whether 2D:4D can differentiate between subgroups of homosexual 

women, distinguished from one another by their masculinity-femininity. Chapter 5 

examined whether differences in empathy can explain the general difference between 

men and women in their patterns of sexual arousal. Although these are discrete 

studies intended to form self-contained manuscripts, in combination, they were 

designed to inform on the relationships between sexual characteristics, prenatal 

androgen exposure, and aspects of personality in women. 
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Chapter 2 Sex 

Differences 

in Sexual 

Arousal 

and Finger 

Length 

Ratios 
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2.1 Abstract 

Most men show sexual arousal to one, preferred sex, whereas most women respond 

to both sexes, regardless of their sexual orientation. A different research program 

indicates that men have lower second-to-fourth finger length ratios (2D:4D) than 

women, possibly because men are exposed to higher levels of androgens during 

prenatal development. We hypothesized that sex differences in sexual arousal 

patterns are influenced by prenatal androgen exposure and would thus be explained 

by sex differences in 2D:4D. We measured the sexual response patterns of 139 men 

and 179 women via genital arousal and pupil dilation to erotic videos, in addition to 

their 2D:4D. Compared to women, men showed stronger responses to one sex over 

the other, although this pattern was clearer in genital arousal than pupil dilation. Men 

also had lower 2D:4D than women. However, there was no evidence that sex 

differences in sexual arousal related to sex differences in 2D:4D. Thus, whichever 

factor explains sex differences in sexual arousal patterns may not be reflected in 

2D:4D. 
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2.2 Introduction 

Research measuring sexual responses to explicit stimuli has uncovered a 

robust difference between the sexes: Most men show a strong sexual response to 

stimuli featuring their preferred sex, and little to no response to stimuli featuring their 

non-preferred sex. In contrast, women tend to respond equally to stimuli featuring 

either their preferred or non-preferred sex regardless of their sexual orientation (Bailey 

et al., 2016). This sex difference in sexual response is highly robust, and has been 

detected using measures of genital arousal (Rieger et al., 2015; Suschinsky et al., 

2009), pupil dilation (Attard-Johnson et al., 2016; Rieger et al., 2015; Rieger & Savin-

Williams, 2012), viewing time (Ebsworth & Lalumière, 2012; Israel & Strassberg, 

2009), and neural responses (Safron et al., 2019; Sylva et al., 2013) to sexual stimuli. 

For this sex difference, a "specific" pattern of sexual arousal to one sex over the other 

has sometimes been described as "male-typical," and a "non-specific" pattern of 

arousal to both sexes as "female-typical" (Chivers et al., 2007; Rieger et al., 2016). 

There are exceptions to this general sex difference. For instance, in men, sexual 

responses to one, preferred gender is more pronounced in heterosexual and 

homosexual men than bisexual men (Jabbour et al., 2020). In women, non-specific 

responses to both sexes are more common in heterosexual women than bisexual or 

homosexual women (Rieger et al., 2016). In general, however, non-specific sexual 

arousal to both genders characterizes women more than men (Bailey, 2009). 

Several (not necessarily mutually exclusive) theories seek to explain this non-

specific pattern of sexual arousal in women (see review by see review by Chivers, 

2017), including that women’s sexuality may depend more on contextual and social 

factors than men’s (Baumeister, 2000; Diamond, 2003), or that their sexual responses 

may change according to their levels of fertility, which does not occur in men 
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(Gangestad & Simpson, 2000). The most prominent proposal is the “preparation 

hypothesis” (Suschinsky & Lalumière, 2011). This hypothesis is based on the 

observation that forced copulation is common in many species, including humans 

(Galdikas, 1985; Palmer, 1989). Because forced copulation can lead to genital injury 

(Slaughter et al., 1997), women may have evolved to respond to any sexual situation 

with sexual arousal, as it leads to protective lubrication that minimizes the risks of 

genital trauma. The need for such a protective mechanism may have been so strong 

that females have evolved to respond to any sexual situation, perhaps especially if it 

contains cues to possible vaginal penetration, even if unwanted or unpleasant (Bossio, 

Suschinsky, Puts, & Chivers, 2014). Consistent with this hypothesis, heterosexual 

men, on average, show the strongest genital response to stimuli depicting consensual, 

non-violent sexual intercourse, while heterosexual women show similar responses to 

all sexual stimuli, including those featuring violent, nonconsensual sex (Suschinsky & 

Lalumière, 2011). However, more recent findings challenged this hypothesis: Although 

women show an increase in vaginal pulse amplitude to both sexes, they only lubricate 

to their preferred sex (Sawatsky et al., 2018). Yet, it is possible that increased vaginal 

pulse amplitude is a necessary pre-cursor for lubrication, but it only leads to lubrication 

when sexual activity is seemingly imminent, due to strong subjective arousal or the 

presence of a sexual threat. Thus, the preparation hypothesis remains the favored 

theory for explaining the non-specific sexual arousal patterns in women (see review 

by see review by Lalumière et al., 2020). 

Unlike the aforementioned work, the present study did not focus on an ultimate 

explanation for the sex difference in sexual response. Instead, we examined potential 

developmental differences between men and women, to determine whether this could 

explain the difference in their sexual responses. In mammals, exposure to prenatal 
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androgens – specifically testosterone – is thought to account for the majority of sex 

differences in brain and behavior (Breedlove, 2017; Swift-Gallant, Johnson, Di Rita, & 

Breedlove, 2020). For instance, individuals with an XY karyotype and complete 

androgen insensitivity syndrome (CAIS), which results in insensitivity to androgens 

throughout the lifespan, typically report sexual orientations towards males with the 

same frequency as genetic women (Wisniewski et al., 2000), and do not differ from 

genetic females in a wide range of psychosexual measures, such as gender identity 

and gender role behavior in both childhood and adulthood (Hines, Ahmed, & Hughes, 

2003). Additionally, individuals with XY karyotype and CAIS show neural responses to 

both male and female sexual stimuli, and therefore have female-typical (non-specific) 

sexual responses (Hamann et al., 2014). Thus, if levels of early androgen exposure 

influence the development of sex differences, in general (Bailey et al., 2016; 

Breedlove, 2010; Motta-Mena & Puts, 2017; Puts & Motta-Mena, 2018), then they 

could possibly also affect sex differences in the specificity of their sexual arousal.  

Since the direct measurement of androgen exposure in utero is difficult to 

achieve in humans, the majority of research relies on biomarkers – lasting indications 

on the body that are thought to reflect degree of androgen exposure during fetal 

development. Of these, the easiest to measure is the ratio of the length of the second 

digit to that of the fourth digit (2D:4D). Reviews and meta-analyses indicate that men 

have, on average, lower (more masculine) ratios than women, with the proposal that 

men's exposure to higher levels of androgens during fetal development drives this sex 

difference in digit ratio (Grimbos et al., 2010; Hönekopp et al., 2007; Swift-Gallant et 

al., 2020; Xu & Zheng, 2015).  

It is worth noting that 2D:4D is a controversial measure, with ongoing debates 

about causation (McCormick & Carré, 2020; Swift-Gallant et al., 2020) and validity of 



  P a g e  | 17 

 

any associated findings due to noise in the data (Bailey et al., 2016). However, much 

of this controversy pertains to the relationship between 2D:4D and sexual orientation, 

rather than sex differences in 2D:4D. Whereas a previous meta-analysis suggested 

publication bias with respect to the link of 2D:4D with sexual orientation – resulting in 

a potential overestimation of the strength of the relationship between the two – the 

same meta-analysis found no evidence of publication bias with regards to a sex 

difference in 2D:4D (Grimbos et al., 2010). Additionally, in individuals with XY 

karyotype and CAIS, finger length ratios are feminized, similar to those of unaffected 

females (with XX karyotype) (Berenbaum, Bryk, Nowak, Quigley, & Moffat, 2009). 

Thus, in the complete absence of androgens, it appears that individuals with XY 

karyotype develop female-typical 2D:4D along with female-typical psychosexual traits 

(Hines et al., 2003). In addition, in individuals with an XX karyotype and Congenital 

Adrenal Hyperplasia, which results in excessive androgen exposure throughout the 

lifespan, have more male-typical finger length ratios than unaffected females (Brown, 

Hines, Fane, & Breedlove, 2002b). That being said, there has been debate in the 

literature about whether any differences in 2D:4D, including sex differences, are 

confounded by overall digit length: As humans are a sexually dimorphic species with 

males being larger than females (Kurki, 2011) and having longer finger digits than 

females, on average (Kratochvíl & Flegr, 2009), the impact of finger length on 2D:4D 

could be substantial. As such, in the present research we made an effort to control for 

finger length, in an attempt to ensure that any detected differences in 2D:4D represent 

are not confounded by it. 

In sum, the literature suggests a sex difference in sexual arousal patterns, with 

men generally showing strong responses to one sex over the other, whereas women 

show, compared to men, more equal responses to both sexes, regardless of their own 



  P a g e  | 18 

 

sexual orientation. This sex difference in sexual arousal patterns may be driven by sex 

differences in prenatal androgen exposure, which may themselves be reflected by 

2D:4D.  

 

We therefore tested the following hypotheses: 

Hypothesis 1. Men’s sexual arousal patterns will be more sex-specific, on 

average, whereas women’s sexual responses will be less sex-specific.  

Hypothesis 2. On average, men will have a lower 2D:4D than women. 

Hypothesis 3. Sex differences in the specificity of sexual arousal will be 

mediated by a sex difference in 2D:4D. 
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2.3 Method 

2.3.1 Participants 

Based on estimates from pooled previous data produced by our research 

group, we predicted that the effect size (Cohen’s d) of the sex difference in employed 

variables of genital arousal to be d = 1.18. For the corresponding sex difference in 

pupil dilation we expected d = 1.00 (Rieger & Savin-Williams, 2012). For the sex 

difference in 2D:4D, we based our estimates on those published in a meta-analysis 

(converted from Hedge’s g to Cohen’s d), and anticipated that the effect size would be 

approximately d = .55 for the right hand, and d = .44 for the left hand. Power analyses 

in G*Power 3.1.9.7 (Faul, Erdfelder, Lang, & Buchner, 2007) estimated, for the 

smallest of these effects (d = .44) a minimum of 220 participants to achieve significant 

results with a power of .90. With regards to the mediation, estimating the necessary 

sample size proved difficult, as no other study has conducted a mediation in the same 

manner as the present study. We therefore erred on the side of caution with participant 

numbers: Our power analysis for the main effect was based on the more conservative 

power value of .90 rather than the commonly-used .80, resulting in a sample size 

requirement of 220 instead of 166 for the smallest expected main effect (d = .44). 

Additionally, we continued recruiting past this figure as participants were visiting our 

laboratory for other studies, resulting in a final sample size of 318 –substantially larger 

than that recommended by the power analysis. 

We recruited participants via pride festivals, online magazines, and university 

fairs and mailing lists, and participants reported their sexual orientation using a 7-point 

scale (Kinsey, Pomeroy, Martin, & Gebhard, 1953). The 139 recruited men self-

identified as “exclusively straight” (n = 33), “mostly straight” (n = 10), “bisexual leaning 

straight” (n = 4), “bisexual” (n = 10), “bisexual leaning gay” (n = 12), “mostly gay” (n = 
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11), or “exclusively gay” (n = 59). The 179 women self-identified as “exclusively 

straight” (n = 37), “mostly straight” (n = 25), “bisexual leaning straight” (n = 9), 

“bisexual” (n = 15), “bisexual leaning lesbian” (n = 11), “mostly lesbian” (n = 41), or 

“exclusively lesbian” (n = 41). The mean (SD) age was 24.45 (8.85) for men and 24.18 

(7.21) for women. For men, 83% were White, followed by 3% Chinese, 3% Indian, and 

other ethnicities. For women, 79% were White, 5% Chinese, 4% Black, and other 

ethnicities.  

Only participants for whom valid 2D:4D data were available were entered into 

the current sample. As such, 2D:4D data were available for all 318 participants, apart 

from one female participant whose data were lost for the right hand. Some participants 

opted out of the genital arousal component, and independent of this, we experienced 

pupil data loss because of problems with the apparatus. Consequently, genital arousal 

data were available for 305 of the 318 participants, and pupil data for 273 of the 318 

participants. Thus, the number of participants varies across analyses, and the specific 

number of participants included in each stage of analysis is listed in the caption of the 

corresponding table.  

2.3.2 Measures and Materials 

Self-reported sexual orientation. Participants reported both their sexual 

orientation and sexual attraction to men and women on 7-point scales (Kinsey et al., 

1953). These scales were highly correlated in both men p < .0001, r = .98, 95% CI 

[.98, .99] and women, p < .0001, r = .97 [.96, .98], and therefore averaged within 

participants. For this average, a score of 0 represented exclusive heterosexuality, and 

6 represented exclusive homosexuality. This composite score was used for all 

analyses.  
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2D:4D. Digit measurements were taken from either high-resolution 

photographs or scans of participants’ hands. For the photographs, participants placed 

their hands on a flat surface in a supinated (palms facing up) position, with their fingers 

slightly spread apart, and images were taken from approximately 30 cm above this 

surface. For the scans, participants placed their hands flat in a pronated (palms facing 

down) position on the surface of the scanner. In both cases, the palmar surfaces of 

the hands were visible in the resultant images. Different methods of capturing images 

(photograph or scanner) did not moderate the relationship between sex and 2D:4D. 

Images were measured in a double-blind procedure (with regards to participant 

sex and sexual orientation) by two independent raters. Measurements were performed 

with the vector graphics package Inkscape 0.92, as computer-assisted techniques 

produce the most reliable measurements (Allaway, Bloski, Pierson, & Lujan, 2009). 

Each rater drew a line as wide as the finger along the proximal skin crease at the base 

of the finger, between the metacarpal and proximal phalanx. A second line was drawn 

downwards from the tip of the finger, where it automatically snapped to the center of 

the base line. Raters then zoomed in on the tip of the finger for fine adjustments, to 

ensure that this line matched the tip as closely as possible. Measurements for each 

digit were averaged between raters, as inter-rater reliability (Cronbach’s alpha) 

exceeded .99 for each digit. For each hand, 2D:4D was calculated by dividing the 

averaged length of the index finger by the averaged length of the ring finger.  

It is possible that sex differences in 2D:4D may be confounded by overall digit 

length (Kratochvíl & Flegr, 2009). To examine this in the present data, we also kept 

the raw length variables for each digit for use as covariates. 
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Stimuli. The sexual stimuli consisted of 3-minute videos, three featuring a 

female model and three featuring a male model, each of them masturbating in a 

bedroom. During masturbation females were penetrating themselves with toys or their 

fingers. These stimuli were selected in a previous study in which 200 videos were 

rated on their sexual appeal by men and women of different sexual orientations 

(Rieger et al., 2015), and the top three female and male videos were used in the 

present study. Neutral stimuli to assess baseline genital responses were 2-minute 

clips taken from a nature documentary. Their engaging but nonsexual content 

facilitates participants’ return to an unaroused level, and this has worked in previous 

projects (Rieger et al., 2015; Watts, Holmes, Raines, Orbell, & Rieger, 2018c). 

However, these nature videos were not used for pupil dilation baseline, as their 

engaging content might elicit dilation for reasons other than sexual arousal. Thus, two 

1-minute animations of clouds were used to obtain a pupillary baseline. All videos were 

edited using MPEG Streamclip and Final Cut Pro to be of similar luminance. 

Genital arousal. For both sexes, genital response was captured using a 

BIOPAC MP150 data acquisition unit and the AcqKnowledge software. For men, 

genital arousal was measured as change in penile circumference with a penile strain 

gauge. Prior to each participant, the gauge was calibrated on a cone at 80mm and 

110mm. The signal was sampled at 200 Hz, low-pass filtered to 10 Hz and digitized 

with 16- bit resolution. For women, genital arousal was measured as changes in peak-

to-trough vaginal pulse amplitude (VPA) with a vaginal photoplethysmograph. The 

signal was sampled at 200 Hz, and high-pass filtered at 0.5 Hz with 16-bit resolution. 

The VPA exhibits both convergent and discriminant validity for the measurement of 

female sexual response (Suschinsky et al., 2009). 
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Pupil dilation. Pupil dilation was measured with a SR Research EyeLink 1000 

eye tracking unit. A 35 mm lens focused on the participant’s right eye, positioned 

approximately 60 cm from the participant’s head, and sampling at a rate of 500 Hz. 

The infrared light emitted by the eye tracker is reflected by the pupil, and the number 

of pixels reflected were recorded. Because raw pupil area data included “0’s” for 

missing values, for instance from blinks or head movements, these values were 

removed prior to analyses. 

2.3.3 Procedure 

Participant session. The University of Essex’s Ethics Committee approved 

this study (GR1702). All participants were over the age of 18 and provided written 

informed consent. After giving consent, participants completed a survey on their 

demographics and sexual orientation, and had their hands photographed or scanned. 

Participants were then seated in a sealed booth, with dim lighting conditions. Eyes 

were calibrated by participants fixating on dots outlining the screen. Participants were 

instructed on how to use the genital probe, and then were left to apply it in privacy. 

The experimenter was contactable via an intercom throughout the experiment. The 

signal from both the genital device and the eye tracker were checked before the 

experiment commenced. Participants were instructed to watch the screen throughout 

the experiment, regardless of whether they enjoyed the content. Participants first 

viewed an animation of clouds, followed by alternating sexual and nature videos. 

These were displayed in a random order, but a sexual video was always followed by 

a nature video. Following the sixth nature video, a final animation of clouds was 

displayed. Participants were compensated for their time. The entire procedure took 

approximately 90 minutes. 
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Data treatment. Following previous procedures (Watts et al., 2018c), genital 

data and pupil data were averaged across the duration of each stimulus and for each 

participant. These averages were then standardized within participants, producing a 

z-score for each participant and stimulus. For genital data, standardized responses to 

the 5 seconds preceding each sexual stimulus (following the display of a neutral 

stimulus, and after the participant had returned to baseline) were subtracted from the 

standardized response to the sexual stimulus. For pupil data, standardized responses 

to neutral stimuli (the animated clouds) were subtracted from standardized responses 

to all sexual stimuli. We then computed, for each participant, average responses 

across all sexual stimuli of a given type (female or male), which reflected their 

responses to each sex as compared to baseline.  

These standardized response scores were used to calculate the two 

experimental variables. The first was the absolute difference between each 

participant’s responses to males and females, calculated by deducting one mean from 

the other, such that zero indicates equal responses to males and females, and 

deviation from zero means a stronger response to one sex over the other. We 

expected men to have a large difference in their sexual arousal to one sex and the 

other. For example, a heterosexual man should show strong arousal to females, and 

little to males. Conversely, a homosexual man should show strong arousal to males 

and little to females. In each case, there would be a notable absolute difference in their 

responses to males or females (but see our below comment on bisexual men). In 

contrast to heterosexual and homosexual men, heterosexual and homosexual women 

(and bisexual women) were expected to show smaller absolute differences, because 

they would respond similarly to both males and females. Thus, regardless of their 
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sexual orientations, we expected men's absolute differences in their arousal to males 

or females to be larger than women's (Rieger et al., 2015).  

The second variable used in the present study was participants' responses to 

their less-arousing sex, or their minimum arousal. To calculate this, we selected the 

mean response to whichever stimulus category (male or female) each participant had 

a lower response to. For men (relative to women), we expected their response to their 

less-arousing sex to be low, because they often respond strongly to one sex and 

weakly to the other, regardless of their sexual orientation. For women, more than men, 

we expected their response to their less-arousing sex to be higher, because women 

of all sexual orientations are more likely to respond to both sexes, including their less-

arousing sex (Rieger et al., 2015).  

There was the possibility of an interaction between sex and sexual orientation 

affecting sexual response, because bisexual men's responses can be more bisexual 

than the responses of heterosexual or homosexual men, whereas in women, bisexual 

arousal is observed across all sexual orientations (Rieger et al., 2016; Slettevold et 

al., 2019). In fact, such a pattern was found in the present data. However, the present 

research had no main focus on sexual orientation, but rather on sex differences. 

Therefore, for the sake of simplicity, we did not concentrate on complex analyses that 

differentiated bisexual from heterosexual and homosexual men and women, and we 

decided to investigate sex differences across all participants, regardless of their sexual 

orientations. Moreover, the inclusion or exclusion of bisexual individuals (and in fact, 

of homosexual individuals) did not change the direction of main findings with respect 

to sex differences in sexual arousal, although, overall, effect sizes (d's) increased if 

only heterosexual men and women were compared, with the largest change being d 

= 1.96 to d = 2.69 for genital arousal to the less-arousing sex, and the smallest change 



  P a g e  | 26 

 

being d = -.31 to d = -.75 for absolute difference in pupil dilation. However, the 

exclusion of homosexual and bisexual individuals left the sex difference in 2D:4D only 

marginally significant in the left hand (p = .06), although the right hand remained 

significant (p = .03), and the sex differences slightly increased, from .30 to .31, and 

from .30 to .36, respectively. 
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2.4 Results 

2.4.1 Hypothesis 1. 

We hypothesized that men’s sexual responses will be more sex-specific, on 

average, whereas women’s responses will be less sex-specific. We first examined the 

absolute difference in sexual arousal (measured via genital arousal and pupil dilation) 

to one sex or the other, expecting that it would be greater in men than in women. For 

genital arousal, an independent-samples t-test indicated that the absolute difference 

score was significantly higher in men (M = 1.41, SD = .63) than in women (M = .73, 

SD = .55), t(292) = -9.93, p < .0001, d = 1.17, 95% CI [1.11, 1.24] (Figure 2.1A). 

Similarly, for pupil dilation, the absolute difference score in men (M = .45, SD = .37) 

was significantly greater than the absolute difference score in women (M = .35, SD = 

.30), t(271) = -2.56, p = .01, d = .31 [.27, .36] (Figure 2.1B). 

We then repeated these analyses for sexual response to the less-arousing sex, 

expecting it to be lower in men than in women. For genital arousal, men’s responses 

to the less-arousing sex (M = .24, SD = .41) were significantly lower than women’s 

responses to the less-arousing sex (M = 1.28, SD = .61), t(292) = 16.60, p < .0001, d 

= -1.96 [-2.02, -1.90] (Figure 2.2A).  

For pupil dilation, men’s responses to the less-arousing sex were not, as 

hypothesized, significantly lower, but rather greater (M = .62, SD = .64) than women’s 

(M = .46, SD = .62) – this sex difference was significant, t(271) = -2.10, p = .04, d = 

.26 [.18, .33] (Figure 2.2B). As men and women differed as expected in their absolute 

difference in pupil dilation (Figure 2.1B), but men unexpectedly showed stronger 

dilation than women to their less-arousing sex (Figure 2.2B), we reasoned that this 

must be driven by an unpredicted difference between men and women in their pupil 
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dilation to their more-arousing sex, whichever sex this may be. That is, we did not 

hypothesize any difference between men and women in their responses to the more-

arousing sex, but investigated this possibility as a potential explanation for the 

unexpected findings thus far. In fact, men’s pupil dilation to their more-arousing sex 

(M = 1.08, SD = .60) was significantly greater than women’s (M = .81, SD = .67) t(271) 

= -3.41, p = .0007, d = .42 [.34, .50]. We revisit this finding in the Discussion. 

2.4.2 Hypothesis 2. 

We hypothesized that, on average, men will have a lower 2D:4D than women. 

In their left hand, men (M = .96, SD = .04) had significantly lower 2D:4D than women, 

(M = .98, SD = .04) t(316) = -2.68, p = .008, d = -.304 [-.309, -.300] (Figure 2.3A). 

Similarly, in their right hand, men (M = .96, SD = .04) had significantly lower 2D:4D 

than women, (M = .98, SD = .04) t(315) = -2.62, p = .009, d = -.298 [-.302, -.294] 

(Figure 2.3B). 

We further examined whether overall digit length was a confounding variable in 

the relationship between sex and 2D:4D. To do this, we computed a series of 

regression analyses predicting either left-hand or right-hand 2D:4D by participant sex 

and a single digit length variable from the same hand (as digit lengths were highly 

correlated with each other, r >.98, controlling for both digit lengths simultaneously 

produced collinearity issues). Sex differences in 2D:4D remained significant, and 

similar in magnitude, regardless of whether digit length as a potential confound 

variable was included in the regression analysis or not. For instance, the sex difference 

in left-hand 2D:4D was significant and identical in effect before controlling for left-hand 

fourth digit length, p = .008, β = .15 [.04, .26], and afterwards, p = .008, β = .14 [.04, 

.26]. Thus, digit length did not appear to be a confounding factor for observed sex 

differences in digit ratios. 
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2.4.3 Hypothesis 3. 

We hypothesized that sex differences in the specificity of sexual arousal will be 

mediated by a sex difference in 2D:4D. To investigate this, we computed a total of 12 

regression analyses predicting absolute difference or response to the less-arousing 

sex for both genital arousal and pupil dilation. In each analysis, in Step 1, sex was the 

only predictor of sexual response. In Step 2, one 2D:4D variable – either left-hand 

(Table 2.1) or right-hand (Table 2.2) was included alongside sex as a predictor. If 

2D:4D explained differences between men and women in their sexual response, then 

the inclusion of either 2D:4D variable should weaken the relationship between sex and 

sexual response.  

Both Table 2.1 and Table 2.2 show that the inclusion of either 2D:4D variable 

had almost no effect on the relationship between sex and any of the four measures of 

sexual response. In all Step 2 analyses, the relationship between sex and measure of 

sexual response remained as strong in effect, and as significant, as in Step 1. 

However, to systematically test for potential mediation effects of 2D:4D variables, we 

followed these regression analyses with mediation analyses on the basis of 10,000 

bootstrapped samples (Preacher & Hayes, 2008). Neither measure of 2D:4D 

significantly mediated the relationship between sex and any of the four measures of 

sexual response, as the confidence intervals of the indirect effects included zero in all 

eight computed analyses. Betas of indirect effects ranged from -.002 to .030, and their 

CI's ranged from -.041 to .073. 
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2.5 Discussion 

The present research confirmed, in general, two sex differences that have been 

previously reported in separate research programs: men and women differ in the 

specificity of their sexual response patterns (Chivers et al., 2004; Rieger et al., 2015; 

Rieger et al., 2016; Suschinsky et al., 2009), and men have lower 2D:4D than women 

in both hands (Grimbos et al., 2010). Yet in the present data there was no evidence 

that these two patterns were related. If one assumes that 2D:4D is a valid measure of 

prenatal androgen exposure, then this would suggest that sex differences in sexual 

arousal patterns and digit ratios develop independently of each other. A sex difference 

in 2D:4D appears to show in fetuses as young as 9 weeks of gestation (Malas, Dogan, 

Evcil, & Desdicioglu, 2006), and perhaps the development of sexual arousal is 

unaffected by androgens during this period. In a similar vein, primate research points 

to the possibility that exposure to prenatal androgens during different developmental 

time frames masculinizes sexual and non-sexual behaviors independently from each 

other (Goy et al., 1988). It is therefore possible that there are several "critical windows" 

of prenatal androgen exposure, with one masculinizing sexual response patterns and 

the other 2D:4D, and their expressions do not relate to each other later in life.  

We further stress that the effectiveness of 2D:4D as a measure of prenatal 

androgenization in general has previously been called into question. However, a large 

part of this debate is specifically with regards to using 2D:4D as a predictor of sexual 

orientation, whereas the sex difference is generally considered to be highly robust and 

reliable (Bailey et al., 2016; Swift-Gallant et al., 2020). A meta-analysis found no 

evidence of publication bias in the literature on sex differences in 2D:4D (Grimbos et 

al., 2010). Moreover, our participant numbers substantially exceeded the sample size 

determined by the power analysis. We therefore believe that if there had been an 
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interlink between sex differences in sexual arousal and in digit ratios, we should have 

detected it.  

Additionally, we note that the sexual response patterns found in pupil dilation 

did not fully reflect those found in genital arousal, and that for one variable (pupil 

dilation to the less-arousing sex), the sex difference was in the opposite direction to 

the predicted (Figure 2.2B). While genital arousal is a well-evidenced measure of 

sexual arousal (Janssen, 2002; Suschinsky et al., 2009), pupil dilation is comparatively 

newer and has a smaller body of associated evidence. In some studies it has produced 

results which match with those found through genital arousal (Rieger et al., 2015), but 

in others it has produced results which are not fully identical to genital arousal patterns 

(Watts et al., 2018c). Because pupil dilation indicates not only sexual arousal, but also 

emotion, cognition, or non-sexual interest in stimuli (Bradley, Miccoli, Escrig, & Lang, 

2008; Goldinger & Papesh, 2012), it is likely that for some participants, pupillary 

responses were driven by factors other than sexual interest. Despite this limitation, the 

present unexpected finding that men showed greater pupil dilation to their more-

arousing sex than women is still in line with the general observation that men, unlike 

women, respond more strongly to one sex than the other.  

In sum, the present study found evidence that men have more specific patterns 

of sexual response than women, and that men have more male-typical 2D:4D. 

However, we found no evidence that these two patterns were linked to one another. It 

may be the case that whichever factor contributes to sex differences in sexual arousal 

patterns is not reflected in 2D:4D.



 

  Table 2.1 - Multiple Regression Analyses for Sex and Left Hand 2D:4D Predicting Absolute Difference in Genital Arousal and Response 

to the Less-Arousing Sex (N = 294) and Pupil Dilation (N = 273). 

Step 1 
Absolute Difference in 

Genital Arousal  

Genital Response to Less-

Arousing Sex 

Absolute Difference in 

Pupil Dilation 

Pupil Dilation to Less-

Arousing Sex  

Variables     

Sex1 -.50 [-.60, -.40]** .70 [.61, .78]** -.15 [-.27, -.04]* -.13 [-.25, -.01]* 

Step 2 
Absolute Difference in 

Genital Arousal 

Genital Response to Less-

Arousing Sex  

Absolute Difference in 

Pupil Dilation 

Pupil Dilation to Less-

Arousing Sex 

Variables     

Sex1 -.51 [-.61, -.41]** .69 [.61, .78]** -.16 [-.28, -.04]* -.13 [-.25, -.01]* 

Left-Hand 2D:4D2 .07 [-.03, .17]  .02 [-.06, .11]  .02 [-.10, .14] .03 [-.09, .15] 

  Note. R2’s for the four models are .25, .49, .02 and .02 in Step 1, and .26, .49, .02 and .02 in Step 2. Numbers in brackets represent 

95% confidence intervals of the standardized regression coefficient, . 1Males were coded as 0, females as 1. 2Lower scores indicate a 

more male-typical 2D:4D.   * p < .05, ** p < .01. 
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  Table 2.2 - Multiple Regression Analyses for Sex and Right Hand 2D:4D Predicting Absolute Difference in Genital Arousal and Response 

to the Less-Arousing Sex (N = 293) and Pupil Dilation (N = 273). 

Step 1 
Absolute Difference in 

Genital Arousal  

Genital Response to Less-

Arousing Sex 

Absolute Difference in 

Pupil Dilation 

Pupil Dilation to Less-

Arousing Sex  

Variables     

Sex1 -.50 [-.60, -.40]** .70 [.61, .78]** -.15 [-.27, -.04]* -.13 [-.25, -.01]* 

Step 2 
Absolute Difference in 

Genital Arousal 

Genital Response to Less-

Arousing Sex  

Absolute Difference in 

Pupil Dilation 

Pupil Dilation to Less-

Arousing Sex 

Variables     

Sex1 -.52 [-.62, -.42]** .70 [.61, .78]** -.15 [-.27, -.03]* -.13 [-.25, -.01]* 

Right-Hand 

2D:4D2 
.10 [.00, .20] † .01 [-.07, .09] 

 -.01 [-.13, .11] .03 [-.09, .15] 

  Note. R2’s for the four models are .25, .49, .02 and .02 in Step 1, and .26, .49, .02 and .02 in Step 2. Numbers in brackets represent 

95% confidence intervals of the standardized regression coefficient, . 1Males were coded as 0, females as 1. 2Lower scores indicate a 

more male-typical 2D:4D.   † p < .10, * p < .05, ** p < .01. 
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Figure 2.1 - Absolute difference in genital arousal and pupil dilation between stimuli featuring males and stimuli featuring females in 

(A) genital responses of 126 men and 168 women and (B) pupil dilation of 118 men and 155 women. On the Y axis, scores reflect 

the absolute difference between sexual arousal to males and females, standardized within participants. Solid lines represent group 

means, and dashed lines their 95% confidence intervals. Dots represent participants’ average scores. Captions are independent-

samples t-tests, with effect sizes and their 95% confidence intervals. 

B A 

t = -9.93, p < .001, d = 1.17 [1.11, 1.24]  t = -2.56, p < .001, d = .31 [.27, .36] 
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Figure 2.2 - Minimum genital arousal and pupil dilation to stimuli featuring males and stimuli featuring females (whichever is lowest)  

in (A) genital responses of 126 men and 168 women and (B) pupil dilation of 118 men and 155 women. On the Y axis, scores reflect 

minimum arousal values, standardized within participants. Solid lines represent group means, and dashed lines their 95% confidence 

intervals. Dots represent participants’ average scores. Captions are independent-samples t-tests, with effect sizes and their 95% 

confidence intervals. 

B A 

t = 16.60, p < .001, d = -1.96 [-2.02, -1.90] t = -2.10, p = .03, d = .26 [.18, .33] 
[.18, .33] 
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Figure 2.3 - Left-hand 2D:4D (A) of 139 men and 179 women, and right-hand 2D:4D (B) of 139 men and 178 women. On the Y axis, 

2D:4D is the length of the index finger divided by the length of the ring finger. Solid lines represent group means, and dashed lines 

their 95% confidence intervals. Dots represent participants’ scores. Captions are independent-samples t-tests, with effect sizes and 

their 95% confidence intervals.

A B 

t = -2.68, p = .008, d = -.304 [-.309, -.300] t = -2.62, p = .009, d = -.298 [-.302, -.294] 
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3.1 Abstract 

In general, women show physiological sexual arousal to both sexes. However, 

compared with heterosexual women, homosexual women are more aroused to their 

preferred sex, a pattern typically found in men. We hypothesized that homosexual 

women’s male-typical arousal is due to their sex-atypical masculinization during 

prenatal development. We measured the sexual responses of 199 women (including 

67 homosexual women) via their genital arousal and pupil dilation to female and male 

sexual stimuli. Our main marker of masculinization was the ratio of the index to ring 

finger, which we expected to be lower (a masculine pattern) in homosexual women 

due to increased levels of prenatal androgens. We further measured observer- and 

self-ratings of psychological masculinity-femininity as possible proxies of prenatal 

androgenization. Homosexual women responded more strongly to female stimuli than 

male stimuli, and therefore had more male-typical sexual responses than heterosexual 

women. However, they did not have more male-typical digit ratios, even though this 

difference became stronger if analyses were restricted to white participants. Still, 

variation in women's digit ratios did not account for the link between their sexual 

orientation and their male-typical sexual responses. Furthermore, homosexual women 

reported and displayed more masculinity than heterosexual women, but their 

masculinity was not associated with their male-typical sexual arousal. Thus, women’s 

sexual and behavioral traits, and potential anatomical traits, are possibly masculinized 

at different stages of gestation. 
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3.2 Introduction 

The present research examined whether women's sexual arousal patterns, 

dependent on their sexual orientation, could be explained by differences in a putative 

marker of prenatal androgen exposure, which is the ratio of the second to fourth digit.  

Women show, on average, substantial physiological sexual arousal to sexual 

stimuli featuring either females or males, regardless of their self-reported sexual 

orientation. Conversely, most men show substantial sexual arousal to their preferred 

sex but not to their non-preferred sex (Bailey, 2009). This sex difference appears to 

be robust, as it has been reported with several measures of sexual response including 

genital arousal (Chivers et al., 2004; Rieger et al., 2015; Rieger et al., 2016; 

Suschinsky et al., 2009), pupil dilation (Attard-Johnson et al., 2016; Rieger et al., 2015; 

Rieger & Savin-Williams, 2012), viewing time (Ebsworth & Lalumière, 2012; Israel & 

Strassberg, 2009), and neural responses (Safron et al., 2019; Sylva et al., 2013). 

Substantial sexual arousal to both female and male sexual stimuli can therefore 

be described as female-typical, and substantial sexual arousal only to the preferred 

sex as male-typical (Chivers et al., 2007). Yet, this sex difference only applies on 

average and there are exceptions. One of these exceptions involves homosexual 

women. Although, like heterosexual women, homosexual women show arousal to both 

sexes, they also have greater sexual responses to their preferred sexual stimuli 

(females) compared to their non-preferred sex (males); this is the case when 

measuring their genital arousal (Chivers et al., 2004; Chivers et al., 2007; Rieger et 

al., 2016), pupil dilation (Rieger et al., 2015; Rieger & Savin-Williams, 2012), viewing 

time (Ebsworth & Lalumière, 2012; Lippa, 2012), and neural responses (Safron et al., 

2017). Thus, the arousal patterns of homosexual women can be described as “male-

typical,” as stronger responses to one’s preferred sex are usually found in men (Bailey, 
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2009). We stress, however, that although homosexual women show a preference for 

one sex, they still respond, on average, to stimuli featuring either sex. As such, their 

response patterns can only be considered male-typical in comparison to those of 

heterosexual women, and we predicted such a pattern in the present research 

(Hypothesis 1). Bisexual women are, on average, between heterosexual and 

homosexual women in their sexual responses, showing more of a preference for 

female stimuli than heterosexual women, but less of a preference than homosexual 

women (Rieger et al., 2016; Timmers, Bouchard, & Chivers, 2015). 

It is possible that the arousal patterns of homosexual women are influenced by 

factors that typically influence sexual arousal in men. A prominent candidate is 

exposure to androgens during gestation. In mammals, exposure to prenatal 

androgens–specifically testosterone - accounts for the majority of sex differences in 

brain and behavior (Breedlove, 2017; Morris et al., 2004). In humans, our knowledge 

of the effects of prenatal androgen exposure is informed by genetic conditions which 

impact the availability of androgens or the individual’s sensitivity to them (Hines, 2009). 

One such condition is Congenital Adrenal Hyperplasia (CAH), which causes excessive 

production of androgens from gestation onwards. During their childhood, these genetic 

females are more likely to engage in male-typical play (Pasterski et al., 2005), and in 

adulthood they are more likely to express bisexual or homosexual attractions (Hines, 

Brook, & Conway, 2004; Meyer-Bahlburg, Dolezal, Baker, & New, 2008; Zucker, 

Bradley, Oliver, & Blake, 1996). Another relevant condition is Complete Androgen 

Insensitivity Syndrome (CAIS), which is an immunity to the effects of androgens at all 

stages of development. Genetic males with CAIS typically report sexual orientations 

towards males (Wisniewski et al., 2000), and show neural responses to both male and 

female sexual stimuli, and therefore have female-typical sexual responses (Hamann 
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et al., 2014). Thus, levels of early androgen exposure may affect not only the 

development of general sex differences, but also the formation of sexual orientation 

and sexual arousal patterns within each sex (Bailey et al., 2016; Breedlove, 2010). 

It is difficult to measure the level of androgens a human fetus is exposed to in 

utero, and research on the subject is often informed by postnatal biomarkers assumed 

to reflect prenatal androgen exposure. Of these, the most researched is the ratio of 

the length of the second digit to that of the fourth digit (2D:4D). There is a robust sex 

difference in this ratio; with men having a lower 2D:4D than women (Grimbos et al., 

2010; Xu & Zheng, 2015). This sex difference emerges early in fetal development 

(Galis et al., 2010). Furthermore, females with CAH have lower (more male-typical) 

2D:4D in the right hand than females without CAH (Brown et al., 2002b; Ciumas, 

Hirschberg, & Savic, 2008; Ökten, Kalyoncu, & Yariş, 2002), whereas genetic males 

with CAIS have 2D:4D comparable to those of typically-developed females 

(Berenbaum et al., 2009). Thus, these digit ratios may indeed reflect exposure to 

androgens during prenatal development.  

Sexual orientation in women has repeatedly been linked to 2D:4D, with 

homosexual women having lower (more male-typical) 2D:4D than heterosexual 

women on average, (Kraemer et al., 2006; Putz et al., 2004; Rahman, 2005; Wallien 

et al., 2008; Watts et al., 2018a), and we predicted the same pattern in present 

research (Hypothesis 2). A meta-analysis of 34 independent samples totaling 5,828 

participants confirmed that women with a nonheterosexual orientation had lower 

2D:4D in the left and right hand, compared with heterosexual women, Hedge’s g’s = 

.23 and .29, .04 < 95% CIs < .51 (Grimbos et al., 2010). Unlike in women, variations 

in 2D:4D are not consistently linked to differences in sexual orientation in men, and 
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digit ratios may only serve as a reliable biomarker of early androgen exposure with 

respect to the development of female sexual orientation (Swift-Gallant et al., 2020). 

If homosexual women were indeed exposed to elevated levels of prenatal 

androgens compared with heterosexual women, as reflected in their male-typical digit 

ratios, it could mean that prenatal androgenization influenced both their sexual 

orientation towards women and their male-typical arousal patterns. For this reason, 

the putative marker of prenatal androgen exposure, their 2D:4D, could account for the 

relationship between women’s sexual orientation and their sexual arousal patterns. 

Statistically this implies that 2D:4D would mediate the relationship of women’s sexual 

orientation with their sexual arousal patterns (Hypothesis 3). 

A different line of research links sexual orientation to masculinity and femininity, 

which can be defined as opposite poles of an encompassing psychological and 

behavioral trait (Lippa, 1991, 2005, 2008). Homosexual women are more masculine 

(and less feminine) than heterosexual women in their self-reported behaviors and 

interests (Lippa, 2005). Furthermore, others perceive homosexual women as more 

masculine than heterosexual women, based on the way they appear, sound, or move; 

and this observable difference emerges in their early childhood (Johnson, Gill, 

Reichman, & Tassinary, 2007; Rieger et al., 2010; Watts et al., 2018b). We predicted 

such differences in masculinity-femininity, dependent on women's sexual orientation, 

in the present work (Hypothesis 4). 

These nonsexual psychological and behavioral traits of homosexual women 

could also be indicators of their masculinization, possibly by hormone exposure during 

the prenatal period (Bailey et al., 2016; Bailey & Zucker, 1995; Brown et al., 2002a). 

Measures of masculinity-femininity could therefore be used as a proxy of prenatal 
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androgenization to explain their male-typical sexual arousal patterns. This hypothesis 

has been tested by assessing women’s nonsexual traits via self-reported and 

observer-rated masculinity-femininity, and their sexual arousal via the measure of 

genital response and pupil dilation to female and male sexual stimuli. Homosexual 

women were more masculine in their nonsexual behaviors and self-reports and had 

more male-typical sexual responses than heterosexual women. Yet, these two findings 

were not interlinked; women’s nonsexual masculinity did not mediate the relationship 

of sexual orientation with sexual arousal (Rieger et al., 2016). Perhaps male-typical 

behaviors and sexual arousal patterns in women develop independently of each other. 

Yet, there is also the possibility that a null finding was obtained by chance. Thus, in 

addition to testing whether women’s sexual responses were related to their digit ratios, 

we re-examined whether behavioral masculinity of homosexual women could explain 

their male-typical sexual arousal patterns (Hypothesis 5). 

Similar to their genital arousal patterns, bisexual women are intermediate 

between heterosexual and homosexual women in their masculinity-femininity (Lippa, 

2005, 2008). Perhaps they are also intermediate with respect to their 2D:4D, although 

to our knowledge, this has not been explicitly studied previously. Bisexual women were 

part of the present research, but to ease interpretations, we focus in the following on 

comparisons between heterosexual and homosexual women, and we revisit bisexual 

women’s responses in the Discussion. 

 

We therefore tested the following hypotheses: 

Hypothesis 1. Homosexual women are more male-typical than heterosexual 

women in their sexual arousal, with stronger arousal to their preferred sex than their 
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non-preferred sex. In comparison, heterosexual women show similar arousal to both 

sexes. 

Hypothesis 2. Homosexual women have, on average, more male-typical 

(lower) 2D:4D than heterosexual women. 

Hypothesis 3. The relationship between sexual orientation and male-typical 

sexual arousal in women is mediated by a putative marker of androgen exposure, 

2D:4D.  

Hypothesis 4. Homosexual women are, on average, more masculine than 

heterosexual women in their nonsexual self-concepts and behaviors. 

Hypothesis 5. The relationship between sexual orientation and male-typical 

sexual arousal in women is mediated by their masculine self-concepts and behaviors. 
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3.3 Method 

3.3.1 Participants 

Target participants. Our sample size was planned based on previous studies 

that used methodologies identical to ours and which computed the correlations of 

female sexual orientation with genital arousal or pupil dilation to male or female sexual 

stimuli, or of female sexual orientation with 2D:4D measures. The reported correlations 

were .20, .27 and .30, respectively (Rieger et al., 2016; Watts et al., 2018a). A power 

analysis conducted in G*Power determined that a sample size of 195 would be 

necessary for the smallest estimated effect (r = .20) to achieve significant results with 

a power of .80. A total of 199 women were recruited via Pride festivals, online news 

sites for lesbian women, and university mailing lists. Using a 7-point scale (Kinsey et 

al., 1953), women self-identified as “exclusively straight” (n = 44), “mostly straight” (n 

= 42), “bisexual leaning straight” (n = 15), “bisexual” (n = 18), “bisexual leaning lesbian” 

(n = 13), “mostly lesbian” (n = 26), or “exclusively lesbian” (n = 41). The mean (SD) 

age of the sample was 24.22 (6.98), and most were Caucasian (78%), followed by 

Chinese (5%), Black (4%), and other ethnicities. Eighteen of the 199 participants in 

the present study were identical twins whose data have been previously published 

(Watts et al., 2018a, 2018c). Since identical twins are comparable to non-twins in their 

sexual arousal patterns, and in the interest of maximizing statistical power in the 

present sample, we decided to include these individuals in the analyses. 

Due to some participants opting out of the genital arousal component, others 

not responding to our messages to provide additional data (some participants were 

invited to provide 2D:4D data only after their original visit to the lab), and pupil data 

loss because of problems with the apparatus, genital arousal data were available for 

184 women, pupil dilation data for 175 women, and 2D:4D data for 182 women. 
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Computations of multiple imputations (5 total) were conducted across all examined 

variables using linear regression analyses as the model type. The imputed data 

suggested that if below analyses were repeated with missing data being imputed, in 

order to have an entire set of 199 data points across all variables, it changed neither 

the direction, nor magnitude, nor significance of effects. Thus, we decided to focus on 

analyses with actual, observed data, even if that meant that participant numbers varied 

across analyses. The exact number of participants included in each stage of analysis 

can be found in the captions of the corresponding tables and figures, and a full listing 

is given in Table 3.1. 

3.3.2 Measures and Materials 

Self-reported sexual orientation. Participants reported both their sexual 

orientation and sexual attraction to men and women on 7-point scales (Kinsey et al., 

1953). These scales were highly correlated, p < .0001, r = .97, 95% CI [.95, .97], and 

averaged within participants. For this average, a score of 0 represented exclusive 

heterosexuality, a score of 3 bisexuality with equal attractions to women and men, and 

6 represented exclusive homosexuality. This composite score was used for all 

analyses. Note that, although we focused on differences between heterosexual 

(Kinsey 0-1) and homosexual (Kinsey 5-6) women, data from bisexual (Kinsey 2-4) 

women were available, and the sexual orientation variable was always treated as 

continuous except for descriptive purposes in Table 3.1.  

Self-reported masculinity-femininity. Childhood masculinity was assessed 

using six items from the Childhood Gender Nonconformity Scale, and adulthood 

behavioral masculinity was measured using six items from the Continuous Gender 

Identity Scale. These scales produce sexual orientation differences in masculinity-

femininity in the predicted directions (Rieger et al., 2008; Rieger et al., 2010). 
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However, some of the items used outdated wording or were targeted towards an US 

(rather than UK) sample. We therefore removed one item of the original childhood 

scale and completely reworded items of the adulthood scale (see Appendix for a full 

list of items). Participants responded to statements on 7-point scales ranging from 1 

(strongly disagree) to 7 (strongly agree). Answers were scored such that higher 

numbers represented greater masculinity. Item reliability (Cronbach’s alpha) was .89 

for the Childhood Gender Nonconformity Scale and .93 for the Continuous Gender 

Identity Scale. Because the adulthood scale was entirely reworded, we conducted 

further checks on its psychometric properties. It correlated with sexual orientation (r = 

.36), self-report from childhood (r = .67), and observer ratings from adulthood (r = .48) 

in the same manner, if not slightly better, than the corresponding correlations across 

heterosexual and homosexual women in research using the previous version (Rieger 

et al, 2008, 2010), lending support to its convergent validity. 

2D:4D. Digit measurements were taken from either high-resolution 

photographs or scans of participants’ hands, similar to past work (Allaway et al., 2009; 

Watts et al., 2018a). For the photographs, participants placed their hands on a flat 

surface with their fingers slightly spread apart, and images were taken from 

approximately 30cm above this surface. For the scans, participants placed their hands 

flat on the surface of the scanner. Different methods of capturing images (photograph 

or scanner) did not moderate the relationship between sexual orientation and 2D:4D. 

From the resulting images of hands, digit ratios were measured by two 

independent raters who were blind to the sex and sexual orientation of the participants. 

Raters used the open-source vector graphics package Inkscape 0.92, as computer-

assisted measurement techniques produce highly reliable measurements (Watts et 

al., 2018a). Each rater drew a line as wide as the finger along the lowest crease at the 
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base of the finger, between the metacarpal and proximal phalanx. A second line was 

then drawn from the tip of the finger down towards the base, where it automatically 

snapped to the center of the base line. Fine adjustments were then made at a higher 

level of zoom, to ensure that this line matched the tip of the finger as closely as 

possible. Inter-rater reliability (Cronbach’s alpha) exceeded .99 for each digit. 

Therefore, the measurements for each digit were averaged between raters. Finally, 

2D:4D was calculated by dividing the averaged length of the index finger by the 

averaged length of the ring finger for each hand of each participant. 

Stimuli. The sexual stimuli consisted of 3-minute videos, three featuring a 

female model and three featuring a male model, each of them masturbating in a 

bedroom. These stimuli were selected in a previous study in which 200 videos were 

rated on their sexual appeal by men and women of different sexual orientations 

(Rieger et al., 2015), and the top three female and male videos were used in the 

present study. Neutral stimuli to assess baseline genital responses were 2-minute 

clips taken from a nature documentary. Their engaging but nonsexual content 

facilitated participants’ return to an unaroused level. However, these nature videos 

were not used for pupil dilation baseline, as their engaging content might elicit dilation 

for reasons other than sexual arousal. Thus, two 1-minute animations of clouds were 

used to obtain a pupillary baseline. All videos were edited using MPEG Streamclip and 

Final Cut Pro to be of similar luminance. 

Genital arousal. Genital arousal was measured as changes in peak-to-trough 

vaginal pulse amplitude (VPA) using a vaginal photoplethysmograph. The signal was 

recorded using a BIOPAC MP150 data acquisition unit, sampled at 200 Hz, and high-

pass filtered at 0.5 Hz with 16-bit resolution. The VPA exhibits both convergent and 
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discriminant validity for the measurement of female sexual response (Suschinsky et 

al., 2009). 

Pupil dilation. Pupil dilation data was measured with a SR Research EyeLink 

1000 infrared eye tracking unit. A 35 mm lens focused on the participants’ right eye, 

positioned approximately 60 cm from the participants’ head, and sampling at a rate of 

500 Hz. The infrared light emitted by the eye tracker is reflected by the pupil, and the 

number of pixels reflected were recorded. Because raw pupil area data included “0’s” 

for missing values, for instance from blinks or head movements, these values were 

removed prior to analyses. Pupil dilation data gathered and processed in this manner 

has previously produced similar patterns to those found in genital arousal in both men 

and women (Rieger et al., 2015). 

3.3.3 Procedure 

Participant session. After giving written informed consent, participants 

completed a survey on their demographics, sexual orientation, and masculinity-

femininity, and had photographs or scans of their hands taken. They were then seated 

in a chair and had their entire body video-recorded for 5-10 minutes to capture their 

gestures and movements. Participants answered questions about the weather and 

their interests and were not interrupted while answering, nor were participants 

informed that these videos would be used to assess their masculinity-femininity, but 

rather were told that they would be rated for “measures of psychological interest.” For 

our observer ratings of masculinity-femininity we used their answer to a neutral 

question: “How would you describe the weather at this time of year?” 

Participants were then seated in a sealed booth, with dim lighting conditions. 

Eyes were calibrated by participants fixating on dots outlining the screen. They were 
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then instructed on how to use the genital measure, which they inserted in privacy after 

the experimenter left the booth (and at which point both their eye data and genital data 

were checked remotely). Pupil dilation and genital arousal were measured 

simultaneously throughout the experiment. Participants were instructed to watch the 

screen throughout the experiment, regardless of the content. They first viewed an 

animation of clouds, followed by alternating sexual and nature videos. These were 

displayed in a random order, but a sexual video was always followed by a nature video. 

After each nature video, the experiment displayed a grey screen of similar luminance 

to the videos until the experimenter verified that participants had returned to baseline 

arousal for a minimum of 5 seconds. Following this, the next erotic video was shown. 

After the sixth nature video, a final animation of clouds was displayed. Participants 

were paid £50. The entire procedure took approximately 90 minutes. 

For each participant, genital data and pupil data were averaged across the 

duration of each stimulus. These averages were then standardized within participants, 

producing a z-score for each participant and stimulus. For genital data, standardized 

responses to the 5 seconds preceding each sexual stimulus (following the display of 

a neutral stimulus, and after the participant had returned to baseline) were subtracted 

from the standardized response to the sexual stimulus. For pupil data, standardized 

responses to neutral stimuli (the animated clouds) were subtracted from standardized 

responses to all sexual stimuli. We then computed, for each participant, average 

responses across all sexual stimuli of a given type (female or male), which reflected 

their responses to each sex as compared to baseline. These scores were then used 

to calculate a contrast score representing their response to females over males, such 

that a positive score indicated a preference for females, a negative score indicated a 

preference for males, and a score of zero indicated equal preferences. Caution must 
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be taken when producing such a contrast score from genital arousal scores of 

heterosexual women, because this can lead to the averaging of responses which are 

individually very different, which produces the illusion of a non-specific response on a 

group level (Lalumière et al., 2020). We therefore checked whether this was the case 

in the present sample. The distribution of genital scores for heterosexual women were 

normally distributed and centered on zero, and their mean was not significantly 

different from zero. As such, we are confident that averaging the genital arousal scores 

of heterosexual women does not distort the pattern of the data in the present sample. 

Editing of participant videos. Recordings of participants’ answers to our 

question about the weather were edited in Shotcut and used for analyses. We selected 

the first sentence that the participants articulated within the first 20 seconds of their 

answer. If responses were less than 6 seconds, we took a combination of their first 

and second sentence. The majority of selected videos were approximately 10 seconds 

long, and all clips included audio. Raters can reliably judge behavioral traits associated 

with sexual orientation from brief video clips such as these (Tskhay & Rule, 2013). 

Ratings of masculinity-femininity. Psychology students participated as raters 

of masculinity-femininity for course credit, and each video-recorded target was 

evaluated by a minimum of 21 and a maximum of 46 raters. In total we had 48 

heterosexual male raters, 21 non-heterosexual male raters, 71 heterosexual female 

raters, and 29 non-heterosexual female raters. Videos were rated in batches of 20-30 

to avoid rater fatigue, raters from each rater group were randomly assigned to a batch, 

Raters were blind to the participants’ sexual orientation. They were not trained 

in how to rate, but instructed to indicate their impression of each woman’s appearance 

and demeanor, in comparison with other women of the same age. For example, they 
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were told to “rate whether this woman appeared or behaved in a more feminine or 

masculine way.” Ratings were completed on 7-point scales, where a score of 1 was 

“more feminine,” 4 “average,” and 7 “more masculine.” Heterosexual raters tended to 

give higher scores than non-heterosexual raters [Mean (SD): heterosexual males: 3.05 

(1.04); heterosexual females: 3.29 (1.17); non-heterosexual males: 2.59 (1.09); non-

heterosexual females: 2.89 (1.26)], but correlations between rater groups 

(heterosexual and non-heterosexual men and women) ranged from r = .68 to r = .81, 

and all relationships were positive. Additionally, ratings were highly reliable within each 

rater group and across all raters (all Cronbach’s α’s > .95). Evaluations were therefore 

averaged across all raters, producing an average observer-rated masculinity-

femininity score for each video-recorded participant.  
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3.4 Results 

3.4.1 Initial Analyses. 

Although we treat sexual orientation as a continuous variable in main analyses, 

we first present a summary of our key variables with participants grouped according 

to their scores on the Kinsey scale, with Kinsey 0-1 considered heterosexual, 2-4 

considered bisexual, and 5-6 considered homosexual (Table 3.1). Significance values 

are also given, using heterosexuals as the comparison group. Unexpectedly, bisexual 

women as a group had more feminine 2D:4D ratios than both heterosexual and 

homosexual women. This was not predicted, and we revisit it in the Discussion. Also 

note that on average, heterosexual and homosexual women did not differ in their digit 

ratios. 

3.4.2 Hypothesis 1. 

We hypothesized that homosexual women would be more sexually aroused to 

stimuli featuring females, whereas heterosexual women would show similar arousal to 

both sexes. We regressed women’s responses to sexual stimuli onto their sexual 

orientation. For each measure of sexual arousal (genital arousal or pupil dilation) we 

had three dependent variables: their responses to females, their responses to males, 

and their responses to females over males. We originally tested for both a linear and 

curvilinear effect of sexual orientation on women’s sexual responses, to account for 

the possibility that differences between heterosexual, bisexual, and homosexual 

women may not always follow a simple linear trend (Rieger et al., 2016). However, in 

the present data, the curvilinear effects did not explain arousal over and above linear 

effects. For the sake of simplicity, in the following we focus on analyses in which only 

linear effects of sexual orientation were tested. 
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We first regressed women’s genital arousal to female stimuli and male stimuli 

onto their sexual orientation. Homosexual women (Kinsey Scores 5-6) did not respond 

significantly more to females as compared with heterosexual women (Kinsey Scores 

0-1), p = .45, β = .06, 95% CI [-.09, .20] (Figure 3.1A), but did respond significantly 

less to males, p = .03, β = -.16 [-.31, -.02] (Figure 3.1B). We then regressed women’s 

genital arousal contrast of females over males onto their sexual orientation. 

Homosexual women responded significantly more to their preferred sex (females) than 

their non-preferred sex (males) as compared with heterosexual women, p = .02, β = 

.17 [.03, .31] (Figure 3.1C).  

Independent of these patterns, women, in general, responded significantly to 

both females and males as compared to baseline. That is, across sexual orientations, 

the confidence intervals of the regression coefficients were above 0 (Figures 3.1A & 

3.1B). 

We then repeated the above analyses with pupil dilation to sexual stimuli as the 

dependent variable. Results were similar to those for genital arousal. Homosexual 

women did not respond significantly more to females as compared with heterosexual 

women, p = .37, β = -.07 [-.22, .08] (Figure 3.2A), but responded significantly less to 

males as compared with heterosexual women, p = .03, β = -.17 [-.31, -.02] (Figure 

3.2B). We then regressed women’s pupil dilation to females over males onto their 

sexual orientation. Homosexual women responded significantly more to females than 

males as compared with heterosexual women, p = .046, β = .15 [.00, .30] (Figure 

3.2C). As with genital arousal, women of all sexual orientations responded significantly 

to both female and male sexual stimuli as compared to baseline (i.e. the confidence 

intervals of the effects were above 0; Figures 3.2A & 3.2B). 
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3.4.3 Hypothesis 2. 

We hypothesized that homosexual women have more male-typical (lower) 

2D:4D than heterosexual women. We regressed women’s left hand and right hand 

2D:4D onto their sexual orientation. Homosexual women did not have a significantly 

lower 2D:4D than heterosexual women in either their left hand, p = .29, β = -.08 [-.23, 

.07], or their right-hand, p = .65, β = -.03 [-.18, .12] (Figures 3.3A & 3.3B). 

As aforementioned, Table 3.1 shows that bisexual women had, unexpectedly, 

higher 2D:4D than both heterosexual and homosexual women. However, even when 

excluding bisexual women, homosexual women did not have more male-typical ratios 

than heterosexual women (this can also be seen in Table 3.1), plus the pattern of 

subsequent mediation analyses remained identical, with or without bisexual women 

excluded. All further reported results are therefore from analyses in which bisexual 

women were included.  

Furthermore, there is evidence from one study that ethnicity can influence the 

relationship of women's sexual orientation with their 2D:4D (Lippa, 2003), even though 

there is no evidence for this from a meta-analysis (Grimbos et al., 2010). Still, we 

repeated the analysis for only the 136 Caucasian participants, as they formed the 

majority of our sample. Despite the reduced sample size, the relationship between 

2D:4D and sexual orientation was closer to significance in both the left hand, p = .06, 

β = -.16 [-.33, .01], and their right-hand, p = .16, β = -.12 [-.29, .05] (Figures 3.4A & 

3.4B). However, the inclusion or exclusion of non-white ethnicities did not affect the 

patterns of subsequent analyses mediation analyses, and we therefore kept non-white 

ethnicities included.  
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3.4.4 Hypothesis 3. 

We hypothesized that the relationship between sexual orientation and male-

typical sexual arousal in women is mediated by their male-typical 2D:4D. Although the 

relationship between 2D:4D and sexual orientation was not significant, we conducted 

this analysis regardless, as it was planned in advance. We computed multiple 

regression analyses predicting the genital arousal or pupil dilation contrast (responses 

to females over males) by sexual orientation and digit ratios. We focused on the 

contrast score since it tended to show, across the two measures of sexual response, 

a somewhat stronger relation with sexual orientation than responses to females or 

responses to males (Figures 3.1 - 3.2). 

In Step 1, sexual orientation was the only predictor of sexual response. In Step 

2, we included a 2D:4D variable–either left or right hand - as a mediator. If our 

hypothesis were confirmed, then the inclusion of 2D:4D as a mediator should weaken 

the relationship between sexual orientation and either measure of sexual arousal. 

Tables 3.2 and 3.3 summarize the results of the analyses both for genital arousal and 

for pupil dilation, for Step 1 (without 2D:4D as mediator) and Step 2 (with 2D:4D as 

mediator). The effect of sexual orientation on sexual arousal remained similar (or 

slightly increased) after including 2D:4D as a predictor. Furthermore, a mediation 

analysis on the basis of 10,000 bootstrapped samples (Preacher & Hayes, 2008) did 

not indicate that left-hand 2D:4D mediated the relationship between sexual orientation 

and sexual responses, because the confidence intervals of the estimated mediation 

effects included zero. This was the case for left-hand 2D:4D predicting genital arousal, 

β = -.01 [-.04, .01], and pupil dilation β = .007 [-.01, .04]. It was also the case for right-

hand 2D:4D predicting genital arousal β = -.005 [-.03, .02], and pupil dilation β = -.003 

[-.02, .02]. 
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3.4.5 Hypothesis 4. 

We hypothesized that homosexual women were more masculine and less 

feminine in their self-report and behaviors than heterosexual women. We regressed 

women’s self-reported adulthood and childhood masculinity-femininity, in addition to 

observer ratings of their masculinity-femininity, onto their sexual orientation. 

Homosexual women were significantly more masculine than heterosexual women in 

their self-reports of childhood, p = .001, β = .23 [.09, .37], and adulthood, p < .001, β 

= .31 [.17, .44], and when rated by others, p < .001, β = .38 [.25, .51] (Figures 3.5A - 

3.5C). 

3.4.6 Hypothesis 5. 

We hypothesized that the effect of sexual orientation on male-typical sexual 

arousal was mediated by homosexual women’s higher levels of masculinity. We built 

a total of 12 regression models. In each of these models, the dependent variable was 

either genital arousal or pupil dilation to females over males. The independent 

variables were sexual orientation and one measure of masculinity-femininity: self-

report from childhood or adulthood, or observer ratings from adulthood. If male-typical 

sexual responses in homosexual women were mediated by their masculinity, then the 

inclusion of a measure of masculinity should weaken the relationship of sexual 

orientation with sexual arousal.  

Tables 3.3-3.5 summarize the results of these analyses. In general, sexual 

orientation effects on sexual response did not decrease (and if anything, increased) 

with a measure of masculinity-femininity as a covariate. Likewise, mediation analyses 

on the basis of 10,000 bootstrapped samples (Preacher & Hayes, 2008) did not 

suggest mediation by any measure of masculinity on either measure of sexual 

response.  
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3.5 Discussion 

The present data confirmed that homosexual women had more male-typical 

sexual arousal patterns than heterosexual women, as indicated by both their genital 

arousal and their pupil dilation. However, there was no evidence that they had more 

male-typical digit ratios, or that digit ratios mediated the relationship between women’s 

sexual orientation and their male-typical sexual arousal patterns. Moreover, even 

though homosexual women were more masculine than heterosexual women in their 

self-reports or via observer ratings, this pattern, too, did not explain their male-typical 

arousal patterns.  

The finding that homosexual women had stronger responses to their preferred 

sex than heterosexual women is consistent with previous research both for genital 

arousal and pupil dilation (Chivers et al., 2004; Chivers et al., 2007; Rieger et al., 2015; 

Rieger et al., 2016). However, the finding that 2D:4D was not significantly lower in 

homosexual women than heterosexual women is puzzling, as it was confirmed 

previously in a meta-analysis (Grimbos et al., 2010). This may have been due to 

methodological reasons: Although between-rater reliability was high, and computer-

assisted measurement techniques, such as those employed in the current study, have 

been shown to have the highest reliability compared to other methods of measuring 

2D:4D (Allaway et al., 2009), we cannot say with certainty that our measure was valid.  

Indeed, there is an ongoing debate about the utility of 2D:4D: Although it is 

regarded as a valid measure with respect to sex differences and female sexual 

orientation differences, it is also the case that there is much variability in this measure 

across individuals, and findings only apply on aggregate and do not apply to single 

people (Swift-Gallant et al., 2020). Furthermore, the aforementioned meta-analysis 

suggested a publication bias in reported relationships of sexual orientation with 2D:4D 
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(Grimbos et al., 2010), and the true effect could therefore be smaller than usually 

published. In the present research, the strongest effect of sexual orientation on 2D:4D 

was r (or β) = -.12 in the right hand. With this effect, post-hoc power analyses indicated 

a minimum sample of 542 women of different sexual orientations for it to become 

significant. If our a-priori sample size estimate had returned such a large number, we 

would have considered it an unreasonable goal for a lab-based study like ours. 

Another possible explanation for the present null finding with respect to 2D:4D 

is the ethnic makeup of the sample. We did not factor this into planning the present 

study because  the meta-analysis pointed to an ethnicity effect only in men and not in 

women (Grimbos et al., 2010), although other research has found an influence of 

ethnicity on 2D:4D in women (Lippa, 2003). Indeed, excluding all non-Caucasian 

participants from the present sample made the association between 2D:4D and sexual 

orientation stronger (although still non-significant) in both hands (Figure 3.4). Thus, 

future research measuring the relationship between 2D:4D and sexual orientation may 

wish to either employ a racially homogenous participant sample, or recruit enough 

participants that per-race comparisons are feasible. Note that even within the white 

sample, 2D:4D did not appear to explain (mediate) any relationship of women's sexual 

orientation with their sexual response patterns. 

Given this lack of sexual orientation difference in 2D:4D, it is unsurprising that 

the present study found no evidence of a mediating role of 2D:4D. Hence, it is 

impossible to draw any conclusions from the present data about whether the 

relationship between 2D:4D and sexual orientation mediates the relationship between 

sexual orientation and sexual responses, simply because 2D:4D in itself did not relate 

to sexual orientation. With regards to masculinity-femininity, if anything, statistically 

controlling for any of the three masculinity-femininity variables made the 
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correspondence of women’s sexual orientation with their male-typical sexual arousal 

stronger. This pattern–a strengthening of the effect of sexual orientation on sexual 

response when measures of behavioral masculinity are statistically controlled for–has 

been previously noted (Rieger et al., 2016). In combination with present findings, it 

appears unlikely that it was previously a chance finding.  

Another methodological limitation of the current study is missing data. Due to 

participants opting out of certain study components, not replying to follow-up 

messages, as well as data loss, we were left with incomplete data sets for a number 

of women from our sample, and the sample size for each analysis varied as a result. 

Thus, data were not missing at random and findings have look different for a sample 

of women who would have given data across all required variables.  

If one assumed for a moment that the present findings are accurate, what could 

be their reasons? For females it is possible that there exist several “sensitive periods” 

of masculinization during prenatal development, and that these periods differ for 

different traits (McCarthy, Herold, & Stockman, 2018; Xu et al., 2019). At least in non-

human primates, exposure to testosterone at different stages of gestation may 

masculinize sexual behaviors independently from nonsexual behaviors (Goy et al., 

1988). Specifically, Goy et al. (1988) reported that female rhesus macaques exposed 

to testosterone during their prenatal development had different behavioral outcomes 

depending on the timing, with those exposed early in gestation displaying male-typical 

sexual behaviors (e.g., mounting other females) and those exposed late in gestation 

displaying male-typical nonsexual behaviors (e.g., rough play). It is possible that 

behavioral traits and sexual arousal patterns are masculinized at different stages of 

development in humans also, and thus, are not necessarily interlinked within 
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individuals–for example, those who have male-typical arousal may not have male-

typical gender-related behaviors and vice versa.  

A final point concerns bisexual women, who appeared between heterosexual 

and homosexual women in their sexual arousal and masculinity-femininity. An 

hypothesis is that due to intermediate dosages of genetic or prenatal hormonal 

influences, bisexual individuals, who could be considered to have sexual orientations 

between heterosexual and homosexual, also fall intermediate with respect to 

correlates of sexual orientation (Rieger et al., 2020a). Thus, regarding bisexual 

women's 2D:4D, we assumed that they could also be intermediate between 

heterosexual and homosexual women on this measure. Contrary to this assumption, 

bisexual women had more feminine 2D:4D than both heterosexual and homosexual 

women (Table 3.1). It has been proposed that personality differences between 

homosexual and heterosexual women may be caused by exposure to androgens 

during prenatal development, whereas the distinct personality traits of bisexual 

individuals (e.g. higher sociosexuality compared to heterosexual and homosexual) 

may be a correlate of their higher levels of post-natal androgens (Lippa, 2020). If the 

present findings are valid, they would suggest that bisexual women also differ from 

heterosexual and homosexual women with respect to prenatal androgenization, but 

this would imply that they have been less masculinized than other groups, and we 

cannot offer an explanation for why this would be the case.  

In sum, the findings of the present research suggest that there is no link 

between the male-typical sexual responses of homosexual women and putative 

markers of prenatal androgenization. Of course, other purported markers of androgen 

exposure may reveal a different pattern than the one reported here. Such markers 

include the distance between the anus and the genitalia (Barrett et al., 2018) and 
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otoacoustic emissions, which are tiny sounds emitted by the inner ear (McFadden & 

Pasanen, 1998). Another avenue for future research would involve individuals with 

conditions affecting the availability of androgens, or their sensitivity to them. To our 

knowledge, no studies to date investigated the arousal patterns of women with CAH. 

If androgen exposure does indeed impact sexual responses–and given the apparent 

impact of excessive androgens on the sexual orientation of women with CAH (Meyer-

Bahlburg et al., 2008; Zucker et al., 1996)–women with CAH may show male-typical 

specificity in their sexual arousal. 

 



 

Table 3.1 - Means, Confidence Intervals, Standard Deviations and Sample Sizes for Variables, Split by Sexual Orientation Groups. 

 

Genital Arousal 

to 

Females over 

Males 

Pupil Dilation to 

Females over 

Males 

 

Right-Hand 

2D:4D 

 

Left-Hand 

2D:4D 

Self-Reported 

Childhood 

Masculinity 

Self-Reported 

Adulthood 

Masculinity 

Observer-

Rated 

Adulthood 

Masculinity 

Heterosexual 

(Kinsey 0-1) 

.07 [-.09, .22] 

(.72, N = 82) 

.15 [-.01, .30] 

(.61, N = 64) 

.975 [.965, .985] 

(.044, N = 83) 

.973 [.965, .981] 

(.037, N = 82) 

2.99 [2.63, 3.34] 

(1.65, N = 85) 

2.31 [2.01, 2.61] 

(1.41, N = 85) 

2.78 [2.59, 2.96] 

(.86, N = 85) 

Bisexual 

(Kinsey 2-4) 

.40 [.16, .62]* 

(.73, N = 42) 

.20 [.02, .38] 

(.60, N = 46) 

.990 [.977, 1.00]* 

(.040, N = 38) 

.990 [.974, 1.00]* 

(.047, N = 38) 

3.63 [3.17, 4.10]* 

(1.81, N = 45) 

2.73 [2.35, 3.11] 

(1.26, N = 45) 

3.11 [2.86, 3.36]† 

(.81, N = 43) 

Homosexual 

(Kinsey 5-6) 

.33 [.11, .55]* 

(.84, N = 60) 

.36 [.18, .53]† 

(.71, N = 65) 

.967 [.959, .974] 

(.029, N = 62) 

.970 [.961, .979] 

(.035, N = 62) 

3.87 [3.42, 4.31]* 

(1.80, N = 66) 

3.41 [2.98, 3.84]* 

(1.75, N = 66) 

3.67 [3.34, 4.00]* 

(1.30, N = 63) 

 

Note. Numbers in square brackets represent 95% confidence intervals of the mean. Numbers in round brackets represent standard deviations of the mean 

and sample sizes. Participants were grouped according to their scores on the Kinsey scale, with Kinsey 0-1 considered heterosexual, 2-4 considered 

bisexual and 5-6 considered homosexual. Asterixis indicate significant difference to heterosexual, † p < .10, * p < .05. 
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Table 3.2 - Multiple Regression Analyses for Sexual Orientation and Left Hand 2D:4D predicting Genital Arousal (Step 1 N = 184, Step 

2 N = 174) and Pupil Dilation (Step 1 N = 175, Step 2 N = 160) to Females over Males. 

Step 1 
Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.03, .31]*  .15 [.00, .30]*  

Step 2 
Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .20 [.05, .35]** .14 [-.02, .30]†  

Left Hand 2D:4D2 .13 [-.02, .28]† -.05 [-.21, .11]  

Note. R2’s for the two models are .03 and .02 in Step 1, and .05 and .02 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Lower scores indicate more male-

typical 2D:4D.   † p < .10, * p < .05, ** p < .01.  
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Table 3.3 - Multiple Regression Analyses for Sexual Orientation and Right Hand 2D:4D predicting Genital Arousal (Step 1 N = 184, Step 

2 N = 173) and Pupil Dilation (Step 1 N = 175, Step 2 N = 160) to Females over Males. 

Step 1 
Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.03, .31]*  .15 [.00, .30]*  

Step 2 
Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .19 [.04, .33]* .15 [.00, .31]†  

Right Hand 2D:4D2 .15 [.01, .30]* .03 [-.13, .19]  

Note. R2’s for the two models are .03 and .02 in Step 1, and .06 and .02 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Lower scores indicate more male-

typical 2D:4D.   † p < .10, * p < .05, ** p < .01.  
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Table 3.4 - Multiple Regression Analyses for Sexual Orientation and Self-Reported Childhood Masculinity predicting Genital Arousal 

(Step 1 N = 184, Step 2 N = 181) and Pupil Dilation (Step 1 N = 175, Step 2 N = 172) to Females over Males. 

Step 1 
     Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.03, .31]*   .15 [.00, .30]*  

Step 2 
     Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .18 [.03, .33]* .18 [.02, .33]*  

Self-Reported Childhood Masculinity2 .00 [-.15, .15] -.11 [-.26, .05]  

Note. R2’s for the two models are .03 and .02 in Step 1, and .03 and .03 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Higher scores indicate higher self-

reported childhood behavioral masculinity. † p < .10, * p < .05, ** p < .01. 
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Table 3.5 - Multiple Regression Analyses for Sexual Orientation and Self-Reported Adulthood Masculinity predicting Genital Arousal 

(Step 1 N = 184, Step 2 N = 181) and Pupil Dilation (Step 1 N = 175, Step 2 N = 172) to Females over Males. 

Step 1 
     Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.03, .31]* .15 [.00, .30]*  

Step 2 
     Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .19 [.04, .35]* .19 [.03, .35]*  

Self-Reported Adulthood Masculinity2 -.05 [-.20, .10] -.12 [-.28, .04]  

Note. R2’s for the two models are .03 and .02 in Step 1, and .03 and .03 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Higher scores indicate higher self-

reported adulthood behavioral masculinity. † p < .10, * p < .05, ** p < .01. 
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Table 3.6 - Multiple Regression Analyses for Sexual Orientation and Video Observer-Rated Adulthood Masculinity predicting Genital 

Arousal (Step 1 N = 184, Step 2 N = 180) and Pupil Dilation (Step 1 N = 175, Step 2 N = 167) to Females over Males. 

Step 1 
     Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.03, .31]*   .15 [.00, .30]*  

Step 2 
      Genital Arousal to Females over 

Males 
Pupil Dilation to Females over Males  

Variables    

Sexual Orientation (SO)1 .17 [.01, .33]* .15 [-.02, .31]  

Observer-Rated Masculinity2 -.04 [-.19, .12] -.01 [-.17, .16]  

Note. R2’s for the two models are .03 and .02 in Step 1, and .03 and .02 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Higher scores indicate higher 

observer-rated masculinity. † p < .1, * p < .05, ** p < .01. 

 

 

 
 

P
a

g
e

 | 6
8 

  



 

 

Figure 3.1 - Women’s genital responses to sexual stimuli. Genital arousal of 184 women in response to stimuli featuring females (A), 

males (B), and females over males (C). On the Y axis, genital arousal scores reflect changes compared to the 5 seconds preceding 

a sexual stimulus, standardized within participants. On the X axis, 0 represents exclusive heterosexuality, 3 bisexuality, and 6 

represents exclusive homosexuality. Triple lines represent regression coefficients with their 95% confidence intervals. Dots represent 

participants’ average scores. 
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p = .45, β = .06 [-.09, .20] 
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p = .03, β = -.16 [-.31, -.02] p = .02, β = .17 [.03, .31] 
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Figure 3.2 - Women’s pupil dilation to sexual stimuli. Pupil dilation of 175 women in response to stimuli featuring females (A), males 

(B) and females over males (C). On the Y axis, pupil dilation scores reflect changes compared to the neutral stimuli, standardized 

within participants. On the X axis, 0 represents exclusive heterosexuality, 3 represents bisexuality, and 6 represents exclusive 

homosexuality. Triple lines represent regression coefficients with their 95% confidence intervals. Dots represent participants’ average 

scores.  
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p = .37, β = -.07 [-.22, .08] p = .03, β = -.17 [-.31, -.02] p = .046, β = .15 [.00, .30] 
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Figure 3.3 - The left hand 2D:4D of 183 women (A) and the right hand 2D:4D of 182 women (B). On the Y axis, 2D:4D is the length 

of the index finger divided by the length of the ring finger. On the X axis, 0 represents exclusive heterosexuality, 3 represents 

bisexuality, and 6 represents exclusive homosexuality. Triple lines represent regression coefficients with their 95% confidence 

intervals. Dots represent participants’ scores.   

 

p = .29, β = -.08 [-.23, .07] p = .65, β = -.03 [-.18, .12] 
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Figure 3.4 - The left hand 2D:4D of 136 Caucasian women (A) and the right hand 2D:4D of 135 Caucasian women (B). On the Y 

axis, 2D:4D is the length of the index finger divided by the length of the ring finger. On the X axis, 0 represents exclusive 

heterosexuality, 3 represents bisexuality, and 6 represents exclusive homosexuality. Triple lines represent regression coefficients 

with their 95% confidence intervals. Dots represent participants’ scores.  

A B 

p = .06, β = -.16 [-.33, .01] p = .16, β = -.12 [-.29, .05] 
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Figure 3.5 - The childhood and adulthood self-report and observer-rated behavioral masculinity data of 192 women (self-report) and 

191 women (observer-ratings). On the Y axis, behavioral masculinity scores, with higher scores representing a greater degree of 

masculinity. On the X axis, 0 represents exclusive heterosexuality, 3 represents bisexuality, and 6 represents exclusive 

homosexuality. Triple lines represent regression coefficients with their 95% confidence intervals. Dots represent participants’ scores.

p = .001, β = .23 [.09, .37] p < .001, β = .31 [.17, .44] p < .001, β = .38 [.25, .51] 
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4.1 Abstract 

Homosexual women are, on average, more masculine in their appearance and 

behaviour than heterosexual women. We hypothesized that their masculinity was 

influenced by exposure to elevated levels of androgens during prenatal development. 

We recruited 199 women (including 67 homosexual women) and measured their 

masculinity via self-report and observer ratings. Our putative measure of prenatal 

androgen exposure was the ratio of the index to ring finger (2D:4D), which is 

hypothesized to be lower in women exposed to elevated levels of androgens during 

prenatal development. Homosexual women were substantially more masculine than 

heterosexual women in both self-report and observer ratings. However, homosexual 

women neither had more male-typical finger length ratios, nor did their finger length 

ratios relate to their masculinity in any predicted direction. Thus, we found no evidence 

that increased prenatal androgen exposure influenced masculinity in homosexual 

women. 
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4.2 Introduction 

Research on masculinity and femininity shows a consistent pattern with respect 

to women’s sexual orientation: Homosexual women recall or report more masculine 

and less feminine behaviours and self-concepts in childhood and adulthood (Bailey & 

Zucker, 1995; Rieger et al., 2016), and report more male-typical and less female-

typical interests than heterosexual women in adulthood (Lippa, 2005, 2008, 2020). 

Longitudinal work also suggests that early childhood masculinity is robustly associated 

with homosexual attractions in females later in life (Li et al., 2017; Xu et al., 2019). 

Furthermore, based on evaluations by others of their childhood photographs and 

videos, girls who identified as homosexual in adulthood were rated as more masculine 

and less feminine than girls who later identified as heterosexual (Rieger et al., 2008; 

Watts et al., 2018b). In adulthood, homosexual women are also perceived as more 

masculine than heterosexual women (Rieger et al., 2016; Rieger, Watts-Overall, 

Holmes, & Gruia, 2020b). These perceptions by others are particularly valuable, 

because self-reports of masculinity-femininity are possibly biased due to social 

desirability (Gottschalk, 2003). Thus, in the present study, we included evaluations of 

participants by observers, in addition to self-reports, to verify the link of female sexual 

orientation with masculinity-femininity with multiple measures. 

Androgen exposure during prenatal development is a potential explanation for 

the link between sexual orientation and masculinity-femininity within each sex, in 

addition to explaining overall differences in masculinity-femininity between males and 

females (Breedlove, 2017; Morris et al., 2004). For example, females with Congenital 

Adrenal Hyperplasia (CAH), which results in elevated androgen exposure in early 

gestation, are more likely than their unaffected siblings to engage in male-typical 
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behaviour during childhood (Pasterski et al., 2005), and report same-sex sexual 

attractions during adulthood (Meyer-Bahlburg et al., 2008).  

However, most research on the subject of prenatal androgen influences in 

humans is informed by postnatal measures, which are assumed to reflect early 

exposure. The most prominent of these is the ratio of the length of the second to fourth 

finger digits (2D:4D). Men have lower 2D:4D than women (Grimbos et al., 2010), and 

this sex difference emerges in early gestation (Galis et al., 2010). Moreover, women 

with CAH also have lower (more male-typical) 2D:4D than other women, possibly due 

to the increased androgens exposure (Brown et al., 2002b). Homosexual women have 

more male-typical 2D:4D than heterosexual women, on average (Rahman & Wilson, 

2003; Watts et al., 2018a). This effect was confirmed in both their left and right hands 

in a meta-analysis, Hedge’s g’s = .23 and .29, .04 < 95% CIs < .51. In contrast, 

homosexual men do not robustly differ in 2D:4D ratio compared to heterosexual men 

(Grimbos et al., 2010). 

It should be noted that 2D:4D as a measure of prenatal androgen exposure 

remains a controversial topic because of ongoing debates about causation 

(McCormick & Carré, 2020; Swift-Gallant et al., 2020), validity due to small effects in 

the presence of noise in the data (Bailey et al., 2016), and the possibility of publication 

bias in the literature (Grimbos et al., 2010). That is, the meta-analysis by Grimbos et 

al. (2010) estimated a given amount of unpublished data with null findings. Once 

included in their main analysis, these estimated null findings reduced the link between 

women's sexual orientation and their digit ratios from Hedge’s g’s = .23 and .29, for 

the left and right hand, to .07 and .13, respectively. Thus, even though reasonable 

arguments can be made that 2D:4D reflects early androgen exposure related to sexual 

orientation (Breedlove, 2017), the exact strength of the relationships between these 
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traits remains unclear. For this reason, studies using 2D:4D as a measure as prenatal 

androgen exposure must be interpreted with caution. 

In sum, there may be a relationship between female sexual orientation and 

masculinity-femininity, and between female sexual orientation and 2D:4D. It is possible 

that these patterns are further associated. For example, prenatal androgen exposure, 

possibly reflected by 2D:4D, could be the common factor that influences both women’s 

sexual orientation and their degree of masculinity-femininity. If this is the case, one 

could expect that homosexual women’s increased masculinity, in comparison with 

heterosexual women, is explained by the finding that homosexual women have, on 

average, more male-typical 2D:4D than heterosexual women. Hence, the differences 

in 2D:4D across all women could mediate the relationship between their sexual 

orientation and their degree of masculinity. 

Another possibility is that an interaction between sexual orientation and 2D:4D 

explains why certain women show a greater degree of masculinity in their behaviours 

and self-concepts. There is significantly more variability in measures of masculinity-

femininity among homosexual women than heterosexual women, because some 

homosexual women are especially masculine, compared both with heterosexual 

women and other homosexual women. Homosexual women's greater degree of 

variability in their masculinity has been repeatedly reported in different studies, and 

with different measures of masculinity-femininity, including both self-reports and 

observer ratings (Lippa, 2005, 2008, 2015; Rieger et al., 2008; Rieger et al., 2010; 

Rieger et al., 2016). For instance, Lippa’s (2005) meta-analysis showed that 

homosexual women were more variable in self-reported masculinity-femininity than 

heterosexual women, with a mean variance ratio of .67 between the groups. In other 

words, some homosexual women are especially masculine compared with both 
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heterosexual women and other homosexual women. It is possible that the most 

masculine homosexual women, in particular, have been exposed to elevated levels of 

androgens during early development. Hence, homosexual women who have the most 

male-typical markers of androgen exposure, such as the most male-typical 2D:4D, 

may also be the women that are the most masculine, as compared to both 

heterosexual women and other homosexual women with less male-typical 2D:4D. This 

line of reasoning points to a potential interaction between 2D:4D and sexual 

orientation, predicting degree of masculinity. 

One previous study provided support for the hypothesis that variability in 

homosexual women’s self-reported masculinity-femininity is partly explained by their 

differing degrees of androgen exposure. Homosexual women who self-identified as 

“butch” (i.e., masculine) had significantly more male-typical 2D:4D than those who self-

identified as “femme” (i.e., feminine; i.e., feminine; Brown et al., 2002a). This finding 

suggests that there may be different types of homosexual women, with prenatal 

androgen exposure possibly being the developmental factor which distinguishes 

between them. Another study measured homosexual women’s reported roles during 

sex (classed as “butch/active” versus “femme/passive”) and found no association 

between reported sex roles and their level of 2D:4D (Rahman & Wilson, 2003). 

However, because sex roles of homosexual women may simply not equate to their 

degree of masculinity-femininity (Bailey, Kim, Hills, & Linsenmeier, 1997), we 

considered the findings by Brown et al. (2002) as potentially more informative with 

respect to the hypothesis that variation in homosexual women’s masculinity-femininity 

is explained by differences in their 2D:4D.  

If it is the case that there is more variability in masculinity-femininity in 

homosexual women than in heterosexual women, and this is explained by differences 
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in their digit ratios, then it could also imply that there is more variability in 2D:4D among 

homosexual women than heterosexual women. To our knowledge, no previous 

research has examined the degree of variability in 2D:4D across women with different 

sexual orientations. The present research examined this pattern. 

Our discussion thus far has focused on a comparison of heterosexual and 

homosexual women. Bisexual women appear to be intermediate between 

heterosexual and homosexual women in their masculinity-femininity (Lippa, 2005, 

2008).We are not aware of research that specifically compared 2D:4D of bisexual 

women to those of other women. Bisexual women were included in the present 

research. However, in order to ease interpretation, we mostly focus on comparisons 

between heterosexual and homosexual women, and bisexual women are revisited in 

the Discussion. 

 

We therefore tested the following hypotheses: 

Hypothesis 1. Homosexual women are, on average, more masculine than 

heterosexual women by both self-report and via observer ratings.   

Hypothesis 2. Homosexual women have, on average, more male-typical 

(lower) 2D:4D than heterosexual women. 

Hypothesis 3. The relationship between sexual orientation and masculinity in 

women is mediated by their male-typical 2D:4D.  

Hypothesis 4. Homosexual women are, on average, more variable than 

heterosexual women in both their masculinity-femininity and their 2D:4D. 
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Hypothesis 5. Homosexual women with the most male-typical 2D:4D show the 

greatest degree of masculinity, as compared to heterosexual women and other 

homosexual women with less male-typical 2D:4D.  
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4.3 Method 

4.3.1 Participants 

Target participants. In planning our sample size, we drew upon previous 

studies which used identical measures, and which had computed the correlations of 

sexual orientation with either masculinity-femininity, or with 2D:4D. Correlations 

ranged from .30 (for 2D:4D) to .40 to .60 (for measures of masculinity-femininity; for 

measures of masculinity-femininity; Rieger et al., 2016; Watts et al., 2018a). A power 

analysis conducted in G*Power determined that a minimum of 112 women would be 

necessary for the smallest estimated main effect (r = .30) to achieve significant results 

with a power of .90.  

With regards to the moderation and mediation, estimating the necessary 

sample size proved difficult, as no other study has conducted a moderation or 

mediation in the same manner as the present study. As such, we erred on the side of 

caution with participant numbers: Our power analysis for the main effect was based 

on the more conservative power value of .90 rather than the commonly-used .80, 

resulting in a sample size requirement of 112 instead of 82 for the smallest expected 

main effect (r = .30). Additionally, we continued recruiting past this figure as 

participants were visiting our laboratory for other studies regardless, resulting in a final 

sample size of 199 – almost double the requirement for the estimated main effects to 

reach significance. However, even though we did everything we could to ensure a lab-

based study such as ours was sufficiently powered, the uncertainty regarding power 

of the moderation and mediation analyses in particular should be noted, and we revisit 

this limitation in the Discussion. 
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A total of 199 women were recruited via Pride festivals, online news sites for 

homosexual women, and university mailing lists. Using a 7-point scale (Kinsey et al., 

1953), women self-identified as “exclusively straight” (n = 44), “mostly straight” (n = 

42), “bisexual leaning straight” (n = 15), “bisexual” (n = 18), “bisexual leaning lesbian” 

(n = 13), “mostly lesbian” (n = 26), or “exclusively lesbian” (n = 41). The mean (SD) 

age of the sample was 24.22 (6.98), and most were Caucasian (78%), followed by 

Black (6%), Chinese (5%), and other ethnicities. Some participants opted not to self-

report their masculinity-femininity, be video-recorded for observer ratings, or have their 

digits measured (see Procedure). Due to this, data were available for 196 women for 

self-reports, 191 women for observer ratings, and 182 women for 2D:4D measures, 

and numbers of participants varied across analyses. 

Raters. Psychology students participated as raters of masculinity-femininity for 

course credit. In total we had 48 heterosexual male raters, 21 nonheterosexual male 

raters, 71 heterosexual female raters, and 29 nonheterosexual female raters. The 

higher proportion of female raters reflects the fact that in our department, the majority 

of students are female. Ratings of masculinity-femininity are minimally affected by the 

raters’ sex and sexual orientation (Rieger et al., 2010), and this was also the case in 

the present research. 

4.3.2 Measures and Materials 

Self-reported sexual orientation. Participants reported their sexual 

orientation and sexual attraction to men and women on 7-point scales (Kinsey et al., 

1953). These scales were highly correlated, p < .0001, r = .97, 95% CI [.93, 1.0], and 

averaged within participants. For this average, a score of 0 represented exclusive 

heterosexuality, a score of 3 bisexuality with equal attractions, and 6 represented 

exclusive homosexuality. 
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Self-reported masculinity-femininity. Childhood masculinity was assessed 

using six items from the Childhood Gender Nonconformity Scale (Rieger et al., 2008), 

and adulthood masculinity was measured using six items from the Continuous Gender 

Identity Scale (Rieger et al., 2008). Each scale consists of statements such as “As a 

child I was perceived as masculine by my peers.” for childhood, and “My mannerisms 

are not very feminine” for adulthood. Responses were given on 7-point scales ranging 

from 1 (strongly disagree) to 7 (strongly agree), with answers recoded such that higher 

numbers always represented greater masculinity. Item reliability (Cronbach’s alpha) 

was .89 for the Childhood Gender Nonconformity Scale and .92 for the Continuous 

Gender Identity Scale. These questions were slightly modified to be clearer to a British 

audience, and full questions are available in the appendix.  

2D:4D. Digit measurements were taken from either high-resolution 

photographs or scans of participants’ hands. For the photographs, participants placed 

their hands on a flat surface in a supinated (palms facing up) position, with their fingers 

slightly spread apart, and images were taken from approximately 30 cm above this 

surface. For the scans, participants placed their hands flat in a pronated (palms facing 

down) position on the surface of the scanner. In both cases, the palmar surfaces of 

the hands were visible in the resultant images. Different methods of capturing images 

(photograph or scanner) did not moderate the relationship between sexual orientation 

and 2D:4D. 

Using these images, digit ratios were measured by two independent raters who 

were blind to the participants’ sex and sexual orientation. Measurements were 

performed with the vector graphics package Inkscape 0.92, as computer-assisted 

techniques produce the most reliable measurements (Allaway et al., 2009). Each rater 

drew a line as wide as the finger along the proximal skin crease at the base of the 
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finger, between the metacarpal and proximal phalanx. A second line was drawn 

downwards from the tip of the finger, where it automatically snapped to the centre of 

the base line. Raters then zoomed in on the tip of the finger for fine adjustments, to 

ensure that this line matched the tip as closely as possible. Measurements for each 

digit were averaged between raters, as inter-rater reliability (Cronbach’s alpha) 

exceeded .99 for each digit. For each hand, 2D:4D was calculated by dividing the 

averaged length of the index finger by the averaged length of the ring finger. 

4.3.3 Procedure 

Participant session. The University of Essex’s Ethics Committee approved 

this study (GR1303), and the experiment was performed in full accordance with their 

guidelines and regulations. All participants were over the age of 18 and provided 

written informed consent. After providing consent, participants completed a survey on 

their demographics, sexual orientation, and masculinity-femininity, and had 

photographs or scans of their hands taken. They were then seated in a chair in front 

of a white wall and had their entire body video-recorded for 5-10 minutes to capture 

their gestures and movements. Participants answered questions about the weather, 

their interests, and their childhood, and were not interrupted while answering. 

Analyses were based on their answer to a neutral question: “How would you describe 

the weather at this time of year?” A session took approximately 30 minutes and 

participants were compensated for their time. 

Editing of participant videos. The first complete sentence participants spoke 

in response to the neutral question was extracted using Shotcut. Created clips 

generally lasted between 10 and 20 seconds. If responses were less than 6 seconds, 

we took a combination of their first and second sentence. Raters can reliably judge 
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behaviours related to sexual orientation from brief video clips such as these (Rieger 

et al., 2010; Tskhay & Rule, 2013). 

Ratings of masculinity-femininity. Raters, who were blind to the participants’ 

sexual orientation, viewed the edited video clips of target participants. They were 

instructed to indicate their impression of each woman’s appearance and demeanour, 

in comparison with other women of the same age. For example, they were told to “rate 

whether this woman appeared or behaved in a more feminine or masculine way”. 

Ratings were completed on 7-point scales, where a score of 1 was “more feminine”, 4 

“average,” and 7 “more masculine.” These observer ratings were highly reliable within 

each rater group (heterosexual and non-heterosexual men and women) and across 

all raters (all Cronbach’s α’s > .95). Evaluations were therefore averaged across all 

raters, producing an average observer-rated masculinity-femininity score for each 

video-recorded target participant.  
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4.4 Results 

4.4.1 Hypothesis 1. 

We hypothesized that homosexual women would be more masculine than 

heterosexual women. Our measures of masculinity-femininity were self-reports from 

childhood and adulthood, and observer ratings of adulthood behaviour. For each of 

these measures, we regressed women’s masculinity scores onto their sexual 

orientation, with sexual orientation treated as a continuous variable in all analyses. 

Thus, although we focus throughout on the differences between heterosexual women 

(Kinsey scores 0-1) and homosexual women (Kinsey Scores 5-6), bisexual women 

(Kinsey scores 2-4) were included in all analyses. We originally tested for both linear 

and curvilinear effects, to account, for example, for the possibility that bisexual women 

are closer to homosexual than heterosexual women in their masculinity. However, no 

such patterns were detected, and we focused exclusively on reporting linear effects.  

Homosexual women were significantly more masculine than heterosexual 

women in their self-reports of both childhood, p < .001, β = .24, 95% CI [.11, .38] 

(Figure 4.1A), and adulthood, p < .001, β = .31 [.18, .45] (Figure 4.1B), and in observer 

ratings of their behaviour in adulthood, p < .001, β = .38 [.25, .51] (Figure 4.1C). 

4.4.2 Hypothesis 2. 

We hypothesized that homosexual women would have more male-typical 

(lower) 2D:4D than heterosexual women in both their left and right hand. We regressed 

women’s left hand and right hand 2D:4D onto their sexual orientation. Although in the 

predicted directions, homosexual women did not have a significantly lower 2D:4D than 

heterosexual women in either their left hand, p = .26, β = -.08 [-.23, .06], or their right 

hand, p = .67, β = -.03 [-.18, .11] (Figures 4.2A & 4.2B). Thus, our hypothesis that 
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homosexual women would show signs of exposure to elevated levels of prenatal 

androgens was not supported. 

4.4.3 Hypothesis 3. 

We hypothesized that the relationship between women’s sexual orientation and 

their degree of masculinity was mediated by their male-typical 2D:4D. Although 2D:4D 

did not significantly link to sexual orientation, we still conducted this analysis as it was 

planned in advance. We computed multiple regression analyses. We predicted one of 

the three masculinity-femininity variables by sexual orientation in Step 1, and by sexual 

orientation plus left-hand 2D:4D as a mediator in Step 2. We chose to focus on left-

hand 2D:4D as it was closer to significance than right-hand 2D:4D (Figure 4.3A). 

However, we did conduct similar analyses with right-hand 2D:4D, and as expected, it 

did not influence any effects of sexual orientation on masculinity.  

Table 4.1 summarizes the results of the analyses for all three masculinity 

variables. The effect of sexual orientation on masculinity remained similar in 

magnitude and levels of significance before and after the inclusion of left-hand 2D:4D 

as a second predictor. Hence, thus far, there was no evidence that 2D:4D mediated 

the relationship between sexual orientation and masculinity. Yet, systematic mediation 

analyses were still necessary to confirm this. We therefore computed three mediation 

analyses (one for each measure of masculinity-femininity) on the basis of 10,000 

bootstrapped samples (Preacher & Hayes, 2008). Left-hand 2D:4D did not significantly 

mediate the relationship between sexual orientation and masculinity, as the 

confidence intervals of the mediation effects included zero. This was true for self-

recalled childhood masculinity, β = -.005 [-.02, .01], self-reported adulthood 

masculinity, β = .004 [-.001, .03], and observer-rated adulthood masculinity, β = .002 

[-.01, .02]. 
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4.4.4 Hypothesis 4. 

We hypothesized that homosexual women would be more variable than 

heterosexual women in both their masculinity and 2D:4D. To test for their increased 

variability, we first calculated the residuals for the main effect of sexual orientation on 

each of the three measures of masculinity-femininity depicted in Hypothesis 1 (Figures 

4.1A – 4.1C), and each of the two main effects of sexual orientation on 2D:4D depicted 

in Hypothesis 2 (Figures 4.2A & 4.2B). We then computed the absolute values of these 

residuals. Finally, we performed Levene’s tests for unequal variances to establish 

whether the degree of variance (magnitude of absolute residuals) in these effects were 

stronger in homosexual women than heterosexual women.  

Homosexual women were not significantly more variable than heterosexual 

women in their self-reported childhood masculinity, p = .21, β = .09 [-.05, .23] (Figure 

4.3A), but were significantly more variable than heterosexual women in both their self-

reports of adulthood, p = .02, β = .17 [.03, .31] (Figure 4.3B), and observer-ratings of 

their videos from adulthood, p < .001, β = .32 [.18, .46] (Figure 4.3C).  

Contrary to our hypothesis, homosexual women were significantly less variable 

in their left-hand 2D:4D than heterosexual women, p = .01, β = -.18 [-.33, .04] (Figure 

4.4A). They were not significantly more (or less) variable in their right-hand 2D:4D than 

heterosexual women, p = .73, β = .03 [-.12, .17] (Figure 4.4B).  

Thus, even though we did not find any evidence for homosexual women’s 

increased variability in the marker of prenatal androgen exposure, they were more 

variable in two out of three measures of masculinity-femininity. This increased 

variance in masculinity-femininity within homosexual women still pointed to the 

possibility that there are different types of homosexual women, who may be 
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differentiated by the measure of androgen exposure. We examined this possibility in 

our next analyses.  

4.4.5 Hypothesis 5. 

We hypothesized that homosexual women with the most male-typical 2D:4D 

show the greatest degree of masculinity, as compared to heterosexual women, and 

other homosexual women with less male-typical 2D:4D. We calculated three multiple 

regression analyses, predicting one of our three measures of masculinity-femininity. 

In each analysis, independent variables were sexual orientation, left-hand 2D:4D, and 

their interaction. If variation in 2D:4D explains why homosexual women are more 

variable in masculinity-femininity than heterosexual women, then this interaction 

between sexual orientation and left-hand 2D:4D will be significant.  

The results of the regression analyses are summarized in Table 4.2. For all 

three measures of masculinity-femininity, sexual orientation was the only significant 

predictor of masculinity-femininity. Neither the effect of left-hand 2D:4D, nor the 

interaction of sexual orientation with 2D:4D were significant in any of the analyses, 

and the standardized regression coefficients of these effects were weak in magnitude.  
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4.5 Discussion 

Present findings confirmed that homosexual women were more masculine than 

heterosexual women, on average. Furthermore, homosexual women were more 

variable in their masculinity in two out of three measures. However, contrary to our 

hypothesis, they were significantly less variable in their left-hand (but not right-hand) 

2D:4D than heterosexual women, and we do not have any reasonable explanation for 

this. Furthermore, homosexual women did not have more male-typical digit ratios, nor 

did their 2D:4D mediate or moderate the relationship between sexual orientation and 

their degree of masculinity. 

The finding that homosexual women are more masculine, in general, but also 

more variable in their masculinity-femininity than heterosexual women has been 

previously reported (Rieger et al., 2016). In combination, these findings point to the 

possible existence of different types of homosexual women, at least with respect to 

their masculinity-femininity. Hence, it seemed conceivable the most masculine 

homosexual women, especially, would show signs of increased androgen exposure in 

the form of more male-typical 2D:4D. However, this was not the case in the present 

sample. In general, 2D:4D was not significantly more masculine in homosexual women 

than heterosexual women, even though the effect was in the predicted direction. This 

is noteworthy, as such a pattern was previously confirmed in a meta-analysis (Grimbos 

et al., 2010). Perhaps our measure, 2D:4D, was not sensitive enough to robustly 

indicate prenatal androgen exposure. Yet, we consider this unlikely, as we have 

previously confirmed a sexual orientation difference in 2D:4D in a much smaller 

sample of women using the identical methodology (Watts et al., 2018a). Furthermore, 

as mentioned previously, computer-assisted measurement techniques, such as those 

employed in the current study, are highly reliable (Allaway et al., 2009) and this was 
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also the case in the present study. Finally, even though men were not the focus of the 

present research, we had simultaneously gathered 2D:4D data from male participants 

for a different project. As predicted, these men had significantly lower (more male-

typical) 2D:4D than women in both the left hand, d = .33 [.33, .34], p = .004, and right 

hand, d = .33 [.33, .33], p = .008. Thus, it seems less likely that present null findings 

are a result of measurement issues. Maybe, in the present study, homosexual women 

simply did not have more male-typical digit ratios than heterosexual women. 

Perhaps the present research should have used a self-report measure of 

“butch” and “femme” identities, rather than degrees of masculinity-femininity, in order 

to elicit the hypothesized effects, as such an approach succeeded in previous work 

(Brown et al., 2002a). Yet, because we reasonably assumed that women who self-

identify as “butch” would be more masculine compared to those who identifies as 

“femme” (Brown et al., 2002a), we expected that the present measures of masculinity-

femininity would reveal predicted effects, if they were indeed present.  

It is further possible that 2D:4D is not a sensitive enough measure to 

significantly explain the relationship between sexual orientation and masculinity-

femininity. Indeed, there is ongoing debate about the utility and strength of 2D:4D as 

a measure of androgen exposure (McCormick & Carré, 2020; Swift-Gallant et al., 

2020). Perhaps, future research may have more success using other biomarkers of 

prenatal androgen exposure, in addition to 2D:4D. These may include otoacoustic 

emissions (McFadden & Pasanen, 1998) or anogenital distance (Barrett et al., 2018). 

These measures show promise for measuring prenatal androgen exposure, with 

otoacoustic emissions producing a difference between heterosexual and homosexual 

women which had a larger effect size than the difference in 2D:4D found in a meta-
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analysis, d = .23 (left) and .29 (right) for 2D:4D, and d = .37 for otoacoustic emissions 

(Grimbos et al., 2010; McFadden & Pasanen, 1998).  

A related limitation concerns statistical power in the present study. The sample 

size we chose was based on the weakest estimated effect: The relationship between 

left-hand 2D:4D and sexual orientation (r = .30). This estimate was taken from a 

previous research project which found a significant effect using the exact same 

measurement procedures conducted by the same researchers in the same lab (Watts 

et al., 2018a). However, this previous project used identical twins as participants. 

Although we treated these twins as unrelated (i.e. unpaired) in our power calculations 

for the present study, it was perhaps naïve of us to assume that the effect previously 

found in twins would be equally strong in unrelated participants. In the present 

research, the strongest effect was r (or β) = -.08 in the left hand. With this effect, post-

hoc power analyses suggested that we would have needed a minimum sample size 

of 1634 women of different sexual orientations for it to become significant. If our a-

priori sample size estimate had returned such a large number, we would have 

considered it an unreasonable goal for a lab-based study like ours. 

Perhaps, also, we should have considered in advance the relationships 

between sexual orientation and 2D:4D calculated by the meta-analysis of Grimbos et 

al. (2010). In this respect, it is worth noting that for the present study, once effect sizes 

were converted into Hedge's g (the effect size used in the meta-analysis), our 

estimates of the relationship between sexual orientation and 2D:4D were -.16 for the 

left hand, and -.06 for the right hand. These estimates fall within the 95% confidence 

intervals (but closer to zero) of the unadjusted meta-analytic estimates; which were 

(scaled in the same direction as present effects), g = -.23 [-.51, -.06] for the left hand, 

and g = -.29 [-.43, -.04] for the right hand. Our estimates were also close to the 
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publication bias-corrected estimates given in the same meta-analysis, which were -

.07 for the left hand and -.13 for the right hand. 

Additionally, as mentioned in the method section, it is possible that the present 

study was not sufficiently powerful for 2D:4D to mediate or moderate the relationship 

between sexual orientation and masculinity-femininity. However, the effect sizes for 

the computed mediations and moderations (e.g., Table 4.2) were so small in 

magnitude that the most parsimonious assessment from the present data is that it 

seems unlikely to detect such patterns even in much larger samples.  

A final point concerns bisexual women, who were intermediate between 

heterosexual and homosexual women in both measures and variability of their 

masculinity-femininity. That is, our analyses indicated that the relationships of sexual 

orientation with masculinity-femininity were explained by simple linear effects, 

whereas we found no evidence for curvilinear effects that would, for instance, suggest 

that bisexual women are closer to homosexual women than heterosexual women in 

their masculinity-femininity. Although it seems sensible that bisexual women are 

between these two groups with respect to their masculinity-femininity, there are no 

strong hypotheses regarding what factors would cause this outcome (Rieger et al., 

2020a). 

In sum, the present study did not find evidence of a link between masculinity in 

homosexual women and exposure to androgens in the prenatal period, as reflected in 

finger length ratios. In fact, in the present study, homosexual women showed no clear 

signs of elevated prenatal androgen exposure, as compared to heterosexual women. 

Thus, our hypothesis that homosexual women’s male-typed traits were influenced by 

early hormonal influences remains unconfirmed. 



 

  Table 4.1 - Multiple Regression Analyses for Sexual Orientation and Left-Hand 2D:4D predicting Self-Reported Childhood and 

Adulthood Masculinity (Step 1 N = 196, Step 2 N = 181) and Observer-Rated Adulthood Masculinity (Step 1 N = 191, Step 2 N = 180). 

Step 1 
           Self-Reported  

           Childhood Masculinity 

Self-Reported Adulthood 

Masculinity 

Observer-Rated Adulthood 

Masculinity 

Variables    

Sexual Orientation (SO)1 .24 [.11, .38]**   .31 [.18, .45]**   .38 [.25, .51]** 

Step 2 
                         Self-Reported  

                  Childhood Masculinity 

Self-Reported Adulthood 

Masculinity 

Observer-Rated Adulthood 

Masculinity 

Variables    

Sexual Orientation (SO)1 .25 [.10, .39]** .29 [.15, .43]** .36 [.22, .50]** 

Left-Hand 2D:4D2 .07 [-.08, .21] -.05 [-.19, .09] -.03 [-.16, .11] 

   Note. R2’s for the three models are .06, .10 and .14 in Step 1; .06, .09 and .12 in Step 2, respectively. Numbers in brackets represent 

95% confidence intervals of the standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 

2Lower scores indicate a more male-typical 2D:4D. † p < .1, * p < .05, ** p < .01. 
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  Table 4.2 - Multiple Regression Analyses for Sexual Orientation and Left-Hand 2D:4D predicting Self-Reported Childhood and 

Adulthood Masculinity (N = 181) and Observer-Rated Adulthood Masculinity (N = 180). 

Step 1 
         Self-Reported  

         Childhood Masculinity 

Self-Reported Adulthood 

Masculinity 

Observer-Rated Adulthood 

Masculinity 

Variables    

Sexual Orientation (SO)1 .25 [.10, .39]** .28 [.14, .43]** .36 [.22, .50]** 

Left-Hand 2D:4D2 .07 [-.08, .22] -.07 [-.22, .08] -.03 [-.18, .12] 

SO x 2D:4D .01 [-.14, .16] -.05 [-.20, .10] -.01 [-.16, .13] 

  Note. R2’s for the three models are .06, .09 and .13, respectively. Numbers in brackets represent 95% confidence intervals of the 

standardized regression coefficient, . 1Higher scores indicate a more homosexual orientation. 2Lower scores indicate a more male-

typical 2D:4D. † p < .1, * p < .05, ** p < .01. 
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Figure 4.1 - Masculinity of 196 women (self-report from childhood, A; and adulthood, B) and 191 women (observer-ratings, C). On 

the Y axis, masculinity scores, with higher scores representing a greater degree of masculinity. On the X axis, 0 represents exclusive 

heterosexuality, 3 represents bisexuality, and 6 represents exclusive homosexuality. Triple lines represent regression coefficients 

with their 95% confidence intervals. Dots represent participants’ scores. Statistics represent linear effects. 
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Figure 4.2 - 2D:4D of 182 women (left-hand 2D:4D, A; and right-hand 2D:4D, B). On the Y axis, 2D:4D is the length of the index 

finger divided by the length of the ring finger, with lower scores representing a more male-typical 2D:4D. On the X axis, 0 represents 

exclusive heterosexuality, 3 represents bisexuality, and 6 represents exclusive homosexuality. Triple lines represent regression 

coefficients with their 95% confidence intervals. Dots represent participants’ scores. Statistics represent linear effects. 
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p = .26, β = -.08 [-.23, .06] p = .67, β = -.03 [-.18, .11] 
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Figure 4.3 - Masculinity of 196 women. Absolute residuals derived from the effects displayed in Figure 1 for masculinity of 196 women 

(self-report from childhood, A; and adulthood, B) and 191 women (observer-ratings, C). On the Y axis, residuals for masculinity, with 

higher scores representing a greater degree of variance from the main effect. On the X axis, 0 represents exclusive heterosexuality, 

3 represents bisexuality, and 6 represents exclusive homosexuality. Triple lines represent regression coefficients with their 95% 

confidence intervals. Dots represent participants’ residuals. Statistics represent linear effects. 
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Figure 4.4 - 2D:4D of 182 women. Absolute residuals derived from the effects displayed in Figure 2 for 2D:4D (left-hand 2D:4D, A; 

and right-hand 2D:4D, B). On the Y axis, residuals for 2D:4D, with higher scores representing a greater degree of variance from the 

main effect. On the X axis, 0 represents exclusive heterosexuality, 3 represents bisexuality, and 6 represents exclusive 

homosexuality. Triple lines represent regression coefficients with their 95% confidence intervals. Dots represent participants’ 

residuals. Statistics represent linear effects. 
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4.6 Appendix 

 

Scale Items: Childhood Gender Nonconformity Scale (Women) 

As a child I felt that I had more in common with boys than girls. 

As a child I was perceived as masculine by my peers. 

As a child I preferred playing with boys rather than girls. 

I was more masculine than feminine. 

As a child I sometimes wished I had been born a boy rather than a girl. 

As a child I usually avoided feminine clothing (such as dresses). 

 

 

Scale Items: Adulthood Continuous Gender Identity Scale (Women) 

My mannerisms are not very feminine. 

I assume most people see me as not very feminine. 

I assume most people see me as masculine. 

I consider myself very masculine in my behaviors and interests. 

I do not consider myself very feminine in my behaviors and interests. 

I consider myself more masculine than feminine.  
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Chapter 5 Sexual 

Arousal and 

Empathy in 

Women and 

Men 
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5.1 Abstract 

Women, more than men, show physiological sexual arousal to both males and 

females. Moreover, compared to men, women are more empathetic. We hypothesized 

that women's elevated empathy for both sexes triggers their increased physiological 

sexual arousal to both sexes. We measured the sexual responses of 111 men and 

147 women via genital arousal and pupil dilation to erotic videos, in addition to their 

self-reported trait empathy, and for a subsample (32 men and 33 women), their 

empathy towards the actors in the videos. Women had stronger sexual responses to 

both sexes than men, although this pattern was clearer for genital arousal than pupil 

dilation. Women also reported higher levels of trait empathy, and were somewhat, but 

not significantly, more empathetic towards both males and females in the videos. 

However, there was no evidence that the sex difference in sexual responses was 

influenced by a sex difference in empathy. 
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5.2 Introduction 

Studies measuring physiological sexual arousal to sexually explicit stimuli 

suggest a robust difference between the sexes: The majority of men display strong 

sexual arousal to stimuli featuring their preferred sex and less to no arousal to stimuli 

featuring their non-preferred sex, whereas most women display substantial sexual 

arousal to stimuli featuring either sex, regardless of their sexual preferences. For this 

reason, sexual arousal to explicit stimuli correlates more strongly with self-reported 

sexual orientation in men than in women. This sex difference has been demonstrated 

most commonly with measures of penile circumference and vaginal pulse amplitude 

(Chivers et al., 2004; Rieger et al., 2015; Watts et al., 2018c). Other measures also 

confirm this sex difference, including the comparison of penile with clitoral responses 

(Suschinsky, Dawson, & Chivers, 2020), pupil dilation (Attard-Johnson et al., 2016; 

Rieger et al., 2015; Rieger & Savin-Williams, 2012), viewing time (Ebsworth & 

Lalumière, 2012; Israel & Strassberg, 2009; Lippa, 2012), and cerebral responses 

(Safron et al., 2019; Sylva et al., 2013) while viewing sexual stimuli. Some exceptions 

to this pattern exist: Bisexual men can show stronger arousal to both sexes, compared 

to heterosexual and homosexual men (Jabbour et al., 2020), and homosexual women 

respond more strongly to their preferred sex than the other sex, compared to 

heterosexual and bisexual women (Rieger et al., 2016). In general, however, stronger 

responses to one sex over the other sex is more commonly seen in men than in women 

(Bailey, 2009). 

Several broad reasons for this difference in sexual arousal patterns between 

men and women have been proposed (see review by Chivers, 2017), including that 

women’s sexuality may be more affected by contextual and social factors than men’s 

(Baumeister, 2000), that women may be more fluid in their sexual attractions than men 
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(Diamond, 2016), or that women's sexual responses change according to their levels 

of fertility, whereas men are not affected by such a mechanism (Gangestad & 

Simpson, 2000). However, no definitive explanation has yet been found. The most 

prominent proposal for the described sex difference in physiological sexual response 

is the “preparation hypothesis” (Suschinsky & Lalumière, 2011). This hypothesis holds 

that since forced copulation is common in many animal species, including humans, 

and because forced copulation can lead to genital injury, women may have evolved to 

respond to any sexual stimulus with genital arousal, and consequently vaginal 

lubrication, in order to mitigate this risk. Not all findings for female sexual arousal are 

apparently consistent with this proposal, but on the weight of all available evidence, 

the preparation hypothesis remains the favored theory for explaining women’s non-

specific patterns of arousal (see review by Lalumière et al., 2020). 

The present study did not focus on an ultimate explanation for the sex 

difference in sexual response. Rather, unlike previous work, we examined potential 

personality differences between men and women, to determine whether this could 

explain the difference in their sexual responses. One possible reason for the sex 

difference in sexual arousal is a sex difference in empathy. Empathy has been defined 

as the capacity to understand and respond to the mental states of others (Lamm, 

Batson, & Decety, 2007), such as an observer’s ability to notice and directly share in 

the internal state of others, even without seeing them in person (Decety & Jackson, 

2004). Several studies have pointed out that women have a greater degree of 

empathy, on average, than men. This difference emerges in childhood, widens in 

adolescence, and carries into adulthood (Hoffman, 1977; Lam et al., 2012; Rose & 

Rudolph, 2006). In adulthood, women are also more likely than men to adopt and 

synchronize emotions with an observed individual (Doherty, Orimoto, Singelis, 
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Hatfield, & Hebb, 1995). Furthermore, while women show steady increases in empathy 

towards both sexes during childhood and onwards from adolescence, men exhibit an 

increase in empathy towards females but a decrease in empathy towards other males 

in the same time frame (Bryant, 1982; Mestre, Samper, Frías, & Tur, 2009; Olweus & 

Endresen, 1998; Stuijfzand et al., 2016).  

It has been hypothesized that the explanation for most differences in brain and 

behavior between men and women is their differing degrees of exposure to androgens 

during prenatal development (Breedlove, 2010), and a range of studies using both 

prenatal and postnatal measures have linked androgens to empathy. In one study, 

mothers underwent amniocentesis (assessment of amniotic fluid) during their second 

trimester of pregnancy, and those children who were exposed to higher levels of 

androgens during prenatal development were scored lower on tasks measuring 

empathy at ages 6-8 (Chapman et al., 2006). Additionally, bloodstream androgen 

levels at age 9 were found to correlate negatively with empathy (Pascual-Sagastizabal 

et al., 2013), and the administration of testosterone into the bloodstream reduces 

cognitive empathy temporarily in adult women (van Honk et al., 2011). Since men in 

general are exposed to far greater levels of androgens than women, both during 

prenatal development and in their bloodstreams throughout their lifespan (van Honk 

et al., 2011), it is possible that the sex difference in empathy is explained by the sex 

difference in androgen exposure. 

In sum, androgen exposure provides a plausible explanation for why men may exhibit 

less empathy than women, as well as a plausible explanation for why most men show 

physiological sexual arousal to only one sex, and most women show roughly equal 

sexual arousal to both sexes. It is therefore possible also that these differences are 

inter-related. If so, women’s greater degree of empathy, compared to men’s, may be 
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linked to why most women show physiological sexual arousal to both sexes, while 

most men show sexual arousal to only one, preferred sex. The present study 

combined these two separate lines of research, and measured sexual response with 

genital measures (vaginal pulse amplitude and penile circumference) and pupil dilation 

to sexual stimuli. In addition, we assessed empathy as a trait via a standardized 

questionnaire plus, for a subsample of participants, questions about their empathy for 

the male and female actors in the sexual videos. 

 

We therefore tested the following hypotheses: 

Hypothesis 1. Women will show stronger sexual responses towards both 

sexes than men. 

Hypothesis 2. Women will report greater empathy than men. This will be the 

case on a trait level, and also with respect to their reactions to both male and female 

sexual stimuli. 

Hypothesis 3. Women's stronger sexual responses to both sexes, compared 

with men's, will be linked to (mediated by) women having greater empathy than men. 
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5.3 Method 

5.3.1 Participants 

With the used variables of sexual response, we expected the effect size 

(Cohen’s d) of the sex difference in genital arousal to males or females to be, at a 

minimum, d = 1.18 (estimated from previous data from our research group), the 

corresponding sex difference in pupil dilation to be, at minimum, d = 1.00 (Rieger & 

Savin-Williams, 2012), and the sex difference in trait empathy to be d = .64 (Mestre et 

al., 2009). Because no previous study has conducted a mediation with these variables, 

we erred on the side of caution with participant numbers by conducting power analyses 

using the more conservative power value of .90. Using this figure, a power analysis 

using G*Power determined that at a minimum, a total of 106 men and women would 

be necessary for the smallest estimated sex difference (d = .64) to reach significance. 

However, because this experiment ran concurrently with other experiments needing 

larger sample sizes, and we saw no reason to exclude participants from this particular 

study, we continued recruiting and for the majority of our analyses we had substantially 

more participants (N = 258) than the power analysis recommended.  

A total of 258 participants (111 men and 147 women) were recruited via pride 

festivals, online magazines, and university fairs and mailing lists, and reported their 

sexual orientation using a 7-point scale (Kinsey et al., 1953). The 111 recruited men 

self-identified as “exclusively straight” (n = 50), “mostly straight” (n = 7), “bisexual 

leaning straight” (n = 17), “bisexual” (n = 11), “bisexual leaning gay” (n = 5), “mostly 

gay” (n = 10), or “exclusively gay” (n = 11). The 147 women self-identified as 

“exclusively straight” (n = 31), “mostly straight” (n = 33), “bisexual leaning straight” (n 

= 12), “bisexual” (n = 15), “bisexual leaning lesbian” (n = 11), “mostly lesbian” (n = 16), 

or “exclusively lesbian” (n = 29). The mean (SD) age was 24.90 (10.14) for men and 
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24.52 (7.62) for women. For men, 80% were White, followed by 4% Chinese, 4% 

Indian, and other ethnicities. For women, 78% were White, 6% Chinese, 4% Black, 

and other ethnicities.  

Self-reported trait empathy data were available for all 258 participants. Due to 

some participants opting out of components involving genital measurements, genital 

arousal data were available for 247 of the 258 participants. For 40 of the 65 individuals 

for whom we assessed their empathy for the actors (see next paragraph), eye data 

were not collected, because the relevant computer ports were in use by equipment for 

another study at the time. Thus, pupil data were available for 218 of the 258 

participants, and the number of participants varies across analyses. 

In a sub-sample of 65 participants, we examined a sex difference in empathy 

towards each sexual stimulus rather than as a general trait, by asking each participant 

how much they empathized with each actor in each video. Such an examination has 

(to our knowledge) never been conducted previously, and as such, we could not 

predict whether this number was sufficiently powerful to detect a sex difference. 

Because of this, we considered this particular study component to be exploratory. We 

originally intended to continue testing until our other projects concluded. Unfortunately, 

our testing was interrupted by the COVID-19 pandemic. As such, the final number of 

participants for this study component was 65, possibly underpowered, and its results 

must be interpreted with caution. Regardless, we included findings from this study 

component, because we believed it could potentially add to the understanding of a link 

between sex differences in empathy and in sexual arousal. Within this subsample, of 

the 65 participants, 33 were female and 32 were male. Of the 32 men, 24 were 

exclusively or mostly heterosexual, 6 were bisexual, and 2 were mostly homosexual. 
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Of the 33 women, 24 were exclusively or mostly heterosexual, 7 were bisexual, and 2 

were mostly or exclusively homosexual. 

5.3.2 Measures and Materials 

Trait empathy. This was measured using the 28-item Interpersonal Reactivity 

Index, answered on a 7-point scale ranging from “Does not describe me well” to 

“Describes me very well” (Davis, 1983). This scale was considered particularly suitable 

for the present research because we believed that any effect would be driven 

specifically by perspective-taking, which is directly measured by one subscale of this 

index (Perspective-Taking), and is conceptually related to another (Fantasy). Example 

items include “Before criticizing someone, I try to imagine how I would feel if I were in 

their place” and “I sometimes try to understand my friends better by imagining how 

things look from their perspective.” This scale is comprised of four 7-item subscales: 

Perspective-Taking, Fantasy, Empathetic Concern and Personal Distress. All items 

were coded in a way such that higher scores indicated greater degree of empathy. 

Item reliability (Cronbach’s alpha) was .82 across the entire scale for men and women 

(separately). For the subscales, item reliability ranged from .75 for Personal Distress 

in male participants to .82 for Perspective-Taking in female participants. For each 

participant, item responses were averaged for each of the four subscales, and further 

averaged again across the entire scale to create a composite trait empathy score. Both 

this composite score and the four sub-scales were used for analyses. 

Per-video empathy. After each explicit video, a subsample of 65 participants 

were asked “How much did you empathize with this person's feelings?” and “How well 

were you able to see things from this person's perspective?” Item reliability 

(Cronbach’s alpha) for the six per-video empathy and perspective-taking questions 

across all male stimuli was .91 for men and .88 for women. For the six questions 
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across the three female stimuli, it was .94 for men and .90 for women. For the per-

video empathy questions only, item reliability across all three male stimuli was .92 for 

men and .78 for women, and across all three female stimuli it was .86 for men and .81 

for women. For the per-video perspective taking questions only, item reliability across 

all three male stimuli was .88 for men and .83 for women, and across all three female 

stimuli it was .92 for men and .79 for women. The per-video empathy and perspective 

taking questions were strongly correlated, ranging from p < .0001, r = .67, 95% CI [.42, 

.82] for male participants viewing male stimuli, to p < .0001, r = .89, [.78, .94] for male 

participants viewing female stimuli. We averaged responses in a way to create a) per-

video empathy, and b) per-video perspective taking across male stimuli and, 

separately, across female stimuli for each participant. We further averaged these two 

average responses together to create c) a composite per-video empathy score 

towards males and towards female for each participant, and all 6 of these averages 

were used in analyses. 

Sexual orientation. Participants reported both their sexual orientation and 

degree of attraction to men or women using 7-point scales (Kinsey et al., 1953). These 

two scales were highly correlated in both men, p < .0001, r = .98, 95% CI [.97, .99], 

and women, p < .0001, r = .97, [.96, .98], and averaged within participants. For this 

average, a score of 0 represented exclusive heterosexuality, a score of 3 bisexuality 

with equal attractions to women and men, and 6 exclusive homosexuality.  

Stimuli. The sexual stimuli consisted of 3-minute videos, three featuring a 

female model and three featuring a male model, each of them masturbating in a 

bedroom. These stimuli were selected in a previous study in which 200 videos were 

rated on their sexual appeal by men and women of different sexual orientations 

(Rieger et al., 2015), and the top three female and male videos were used in the 
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present study. Neutral stimuli to assess baseline genital responses were 2-minute 

clips taken from a nature documentary. Their engaging but nonsexual content 

facilitated participants’ return to an unaroused level. However, these nature videos 

were not used for pupil dilation baseline, as their engaging content might elicit dilation 

for reasons other than sexual arousal. Thus, two 1-minute animations of clouds were 

used to obtain a pupillary baseline. All videos were edited using MPEG Streamclip and 

Final Cut Pro to be of similar luminance. 

Genital arousal. For all participants, the genital arousal signal was recorded at 

200 Hz in 16-bits resolution using a BIOPAC MP150 data acquisition unit and 

AcqKnowledge software. For male participants, genital arousal was measured via 

changes in penile circumference using a penile plethysmograph, and the signal was 

low-pass filtered at 10 Hz. For female participants, it was measured as changes in 

peak-to-trough vaginal pulse amplitude (VPA) using a vaginal photoplethysmograph, 

high-pass filtered at 0.5 Hz. The VPA exhibits both convergent and discriminant 

validity for the measurement of women's sexual responses (Suschinsky et al., 2009). 

Pupil dilation. Pupil dilation data was measured with a SR Research EyeLink 

1000 infrared eye tracking unit. A 35 mm lens focused on the participants’ right eye, 

positioned approximately 60 cm from the participants’ head and sampling at a rate of 

500 Hz. The infrared light emitted by the eye tracker is reflected by the pupil, and the 

number of pixels reflected were recorded. Because raw pupil area data included “0’s” 

for missing values, for instance from blinks or head movements, these values were 

removed prior to analyses. 



  P a g e  | 113 

  

5.3.3 Procedure 

Participants provided written informed consent before completing a survey 

which included demographic information and self-report measures of empathy and 

sexual orientation. They were then seated in a booth with dim lighting conditions kept 

the same for all participants. The eye tracking unit was positioned approximately 600 

mm from their face, and was calibrated by participants fixating on dots outlining the 

screen. Participants were asked to keep their eyes on the screen throughout the 

experiment regardless of whether they enjoyed the video, and were instructed in the 

use of the genital device. Participants had complete privacy, and communication was 

possible via an intercom. Men placed the gauges midway around their penises and 

women inserted the vaginal photoplethysmograph, and the experimenter checked the 

signal from the genital device to ensure it was correctly placed before commencing 

the experiment.  

Participants first viewed an animation of clouds, followed by alternating sexual 

and nature videos. These were displayed in a random order, but a sexual video was 

always followed by a nature video. Following the sixth nature video, another animation 

of clouds was displayed, and the experiment was concluded.  

For a subsample of 65 participants, each sexual video was followed by two 

questions on how strongly the participant empathized with the actor in the video. The 

next nature video began immediately after these questions were answered. The entire 

procedure took approximately 90 minutes. At the end of the experiment participants 

were debriefed and compensated.  

Following previous procedures (Watts et al., 2018c), genital data and pupil data 

were averaged across the duration of each stimulus and for each participant. These 
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averages were then standardized within participants, producing a z-score for each 

participant and stimulus. For genital data, standardized responses to the 5 seconds 

preceding each sexual stimulus (following the display of a neutral stimulus, and after 

the participant had returned to baseline) were subtracted from the standardized 

response to the sexual stimulus. For pupil data, standardized responses to neutral 

stimuli (the animated clouds) were subtracted from standardized responses to all 

sexual stimuli. We then computed, for each participant, average responses across all 

sexual stimuli of a given type (female or male), which reflected their responses to each 

sex as compared to baseline.  

These standardized response scores were used to calculate the two 

experimental variables. The first is the absolute difference between each participant’s 

responses to males and females, calculated by deducting one mean from the other, 

such that zero indicates equal responses to males and females, and deviation from 

zero means a stronger response to one sex over the other. We expected men to have 

a large difference in their sexual arousal to one sex and the other. For example, a 

heterosexual man should show strong arousal to females, and little to males. 

Conversely, a homosexual man should show strong arousal to males and little to 

females. In each case, there would be a notable absolute difference in their responses 

to males or females (but see our below comment on bisexual men). In contrast to 

heterosexual and homosexual men, women of all sexual orientations were expected 

to show smaller absolute differences, because they would respond similarly to both 

males and females. Thus, regardless of their sexual orientations, we expected men's 

absolute differences in their arousal to males or females to be larger than women's 

(Rieger et al., 2015).  
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The second variable used in the present study was participants' responses to 

their less-arousing sex, or their minimum arousal. To calculate this, we selected the 

mean response to whichever stimulus category (male or female) each participant had 

a lower response to. For men (relative to women), we expected their response to their 

less-arousing sex to be low, because they usually respond strongly to one sex and 

weakly to the other, regardless of their sexual orientation. For women, more than men, 

we expect their response to their less-arousing sex to be higher, because women of 

all sexual orientations are more likely to respond to both sexes, including their less-

arousing sex (Rieger et al., 2015).  

There was the possibility of an interaction between sex and sexual orientation 

affecting sexual response, because bisexual men's responses can be more bisexual 

than the responses of heterosexual or homosexual men, whereas in women, bisexual 

arousal is more consistently observed across all sexual orientations (Rieger et al., 

2016; Slettevold et al., 2019). In fact, such a pattern was found in the present data. 

We therefore systematically checked whether the inclusion or exclusion of bisexual 

(and, further, homosexual) individuals would impact the main effects being explored 

in the study. We determined that overall, effect sizes (d's) increased if only 

heterosexual men and women were compared, with the largest change being d = 1.59 

to d = 2.48 for absolute difference in genital arousal, and the smallest change being d 

= .25 to d = .27 for pupil dilation to the less-arousing sex. The sex difference in 

empathy also strengthened slightly, from d = .64 to d = .72 when only heterosexuals 

were included in analyses. Crucially, the inclusion or exclusion of bisexual (and 

homosexual) individuals did not change the direction of main findings with respect to 

sex differences in any measure of sexual arousal or empathy. Because the present 

research had no main focus on sexual orientation, but rather on sex differences, we 
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therefore did not concentrate on complex analyses that differentiated bisexual from 

heterosexual and homosexual men and women, and we decided to focus on sex 

differences across all participants, regardless of their sexual orientations. 

For the subsample of 65 participants for whom per-video empathy data were 

available, we had three scales: Per-video empathy, per-video perspective taking, and 

a composite per-video empathy score consisting of the average of these two scales. 

Using these, we computed variables akin to the ones for sexual arousal: For both the 

two subscales and their composite, an absolute difference score was first calculated 

by deducting one mean from the other, and second, a minimum empathy score was 

calculated by selecting whichever category, male or female, each participant reported 

lower empathy towards. In keeping with our predictions for sexual arousal, and in light 

of the research suggesting that women show greater empathy towards both sexes 

while men favor one sex (Bryant, 1982; Olweus & Endresen, 1998), we expected that 

men, more than women, would show a larger difference in absolute empathy. 

However, we expected that women, would score higher than men in their responses 

to whichever sex they showed lower empathy towards – in other words, women would 

have a greater minimum empathy.  
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5.4 Results 

5.4.1 Hypothesis 1. 

We hypothesized that women will show stronger sexual responses towards 

both sexes than men. We first examined the absolute difference in sexual arousal 

(genital arousal or pupil dilation) to one sex over the other, expecting it to be greater 

in men than in women. For genital arousal, an independent-samples t-test indicated 

that the absolute difference score in men (M = 1.32, SD = .67) was significantly greater 

than the absolute difference score in women (M = .79, SD = .58), t(245) = 6.68, p < 

.001, d = .87, 95% CI [.79, .94] (Figure 5.1A). For pupil dilation, the absolute difference 

score in men (M = .42, SD = .31) was in the expected direction but not significantly 

greater than the absolute difference score in women (M = .35, SD = .29), t(214) = 1.84, 

p = .07, d = .26 [.22, .29] (Figure 5.1B). 

We then examined sexual response to the less-arousing sex, expecting it to be 

greater in women than in men. For genital arousal, men’s responses to the less-

arousing sex (M = .30, SD = .49) were significantly lower than women’s responses to 

the less-arousing sex (M = 1.17, SD = .59), t(245) = -12.27, p < .001, d = -1.59 [-1.66, 

-1.52] (Figure 5.2A). For pupil dilation, men’s responses to the less-arousing sex (M = 

.54, SD = .59) were not significantly lower than women’s (M = .38, SD = .61), and if 

anything, this trend was in the opposite direction to the hypothesized, t(214) = 1.94, p 

= .05, d = .27 [.19, .35] (Figure 5.2B). 

5.4.2 Hypothesis 2. 

We hypothesized that women will report greater empathy than men, both as a 

trait and with respect to their reactions to both male and female sexual stimuli. 
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Composite trait empathy was significantly lower in men (M = 4.36, SD = .66) than in 

women (M = 4.84, SD = .66) t(256) = -5.75, p < .001, d = -.72 [-.81, -.65] (Figure 5.3A).  

Men scored significantly lower than women in all four trait empathy subscales: 

For Perspective-Taking, men (M = 4.91, SD = 1.00) scored significantly lower than 

women (M = 5.17, SD = 1.09) t(256) = -1.99, p = .048, d = -.25 [-.38, -.12]. Similarly, 

men (M = 4.71, SD = 1.12) scored significantly lower in Fantasy than women (M = 

5.14, SD = 1.14) t(256) = -3.01, p = .002, d = -.38 [-.52, -.24]. This was also true for 

Empathetic Concern, where men (M = 4.72, SD = 1.04) scored significantly lower than 

women (M = 5.54, SD = 1.03) t(256) = -6.31, p < .001, d = -.80 [-.92, -.67], and Personal 

Distress, where men (M = 3.11, SD = 1.00) again scored significantly lower than 

women (M = 3.51, SD = 1.16) t(256) = -2.93, p = .004, d = -.37 [-.50, -.28]. 

For the subsample of 65 participants, we then examined their composite per-

video empathy scores. The absolute difference in composite per-video empathy was 

not, as hypothesized, significantly greater in men (M = 1.72, SD = 1.41) than in women 

(M = 1.76, SD = 1.09), t(63) = -.12, p = -.90, d = -.03 [-.33, .27] (Figure 5.3B). The 

minimum per-video composite empathy score was, as hypothesized, lower in men (M 

= 2.43, SD = 1.24) than women (M = 2.92, SD = 1.04), albeit not significantly so, t(63) 

= -1.71, p = .09, d = -.43 [-.70, -.15] (Figure 5.3C). 

Similarly, no significant differences were found in the per-video subscales. That 

is, for the per-video empathy subscale, the absolute difference in per-video empathy 

was not, as hypothesized, significantly greater in men (M = 1.71, SD = 1.52) than in 

women (M = 1.63, SD = 1.20), t(63) = .21, p = .83, d = .05 [-.27, .38]. Minimum per-

video empathy was not significantly lower in men (M = 2.41, SD = 1.35) than women 

(M = 2.97, SD = 1.19), t(63) = -1.78 p = .08, d = -.45 [-.75, -.14]. Similarly, the absolute 
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difference in per-video perspective taking was not significantly greater in men (M = 

1.75, SD = 1.60) than in women (M = 1.94, SD = 1.22), t(63) = -.54, p = .59, d = -.16 

[-.48, .21], and the minimum per-video perspective taking was not significantly lower 

in men (M = 2.45, SD = 1.29) than in women (M = 2.84, SD = 1.06), t(63) = -1.33, p = 

.19, d = -.34 [-.62, -.05]. 

5.4.3 Hypothesis 3. 

We hypothesized that women's stronger sexual responses to both sexes, 

compared with men's, would be linked to women having greater empathy than men. 

In order to investigate this, we computed a series of regression analyses predicting 

genital arousal or pupil dilation to sexual stimuli. We predicted either the absolute 

differences in sexual response, or the responses to the less-arousing sex. In all 

analyses, in Step 1, sex was the only predictor of sexual response. In Step 2, one 

empathy variable was included as predictor alongside sex – either self-reported 

composite trait empathy, absolute difference in composite per-video empathy, or 

minimum composite per-video empathy. If empathy explained differences between 

men and women in sexual response, then the inclusion of these empathy variables 

should mediate (weaken) any sex difference in sexual response. For the subsample 

of participants who answered per-video empathy questions, analyses only applied to 

genital responses (because for them, pupil dilation had not been measured). 

We first computed four multiple regression analyses, predicting the genital 

arousal or pupil dilation absolute difference score by sex and, in a second step, by 

both sex and composite trait empathy. The inclusion of composite trait empathy as a 

predictor had little effect on the relationship between sex and absolute difference in 

genital arousal or pupil dilation (Table 5.1). To fully examine a potential mediation of 

empathy (or the lack of it), we computed analyses on the basis of 10,000 bootstrapped 
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samples (Preacher & Hayes, 2008). Composite trait empathy did not significantly 

mediate the relationship between sex and absolute difference in sexual response, as 

the confidence intervals of the indirect effects included zero, both for genital arousal, 

β = .03 [-.06, .11], and pupil dilation, β = -.02, [-.11, .09].  

We then computed four further regression analyses predicting genital arousal 

and pupil dilation to the less-arousing sex. The inclusion of composite trait empathy 

as a predictor had almost no effect on the differences between men and women in 

their genital responses or pupil dilation to the less-arousing sex (Table 5.2). We again 

conducted analyses based on 10,000 bootstrapped samples. Trait empathy did not 

significantly mediate the relationship between sex and minimum arousal score for 

either genital response, β = .05, [-.02, .12], or pupil dilation β = .03, [-.06, .14]. 

We conducted 16 further mediation analyses using one of four self-reported 

empathy sub-scales as a mediator. None of them significantly mediated the 

relationship between sex and either measure of genital arousal or pupil dilation. In 

almost all these analyses, the introduction of an empathy subscale as a further 

predictor variable did not even change standardized regression coefficient for the 

relationship between sex and sexual arousal by .01. Of all the models, the biggest 

change was for the sex difference in absolute difference in genital arousal once 

Empathetic Concern was included as a covariate; the change was from  β = -.39 [-.51, 

-.28] to β = -.50 [-.76, -.24]. This strengthening of the relationship suggest suppression 

rather than mediation, but regardless, it was not found to be significant when checked 

systematically via bootstrapping analyses. The indirect effect included zero in its 95% 

confidence interval, β = .01, [-.09, .12]. In the interest of brevity, these analyses are 

not included in the tables. 
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Likewise, the difference between men and women in their genital response was 

not weakened by including a measure of per-video empathy as a predictor. In these 

analyses, we focused on whether the sex difference in genital arousal was mediated 

by the corresponding sex difference in per-video empathy – in order words, we 

checked if absolute difference in genital arousal was mediated by absolute difference 

in per-video empathy, and whether arousal to the less-arousing sex was mediated by 

minimum per-video empathy. The sex differences in sexual response remained 

identical when a corresponding measure of video-rated empathy was included in a 

second step of the regression analyses (Tables 5.3 and 5.4). Bootstrapping analyses 

also did not show significant mediation effects. Of these, the biggest change for the 

sex difference in minimum genital arousal happened once minimum per-video 

empathy was included as a covariate; the change was from β = .55 [.34, .76] to β = 

.50 [.29, .70]. Again, this mediation was not significant when checked systematically β 

= .11, [-.02, .26], and again, in the interest of brevity, these analyses are not included 

in the tables.  
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5.5 Discussion 

Present data confirmed that women are, on average, less sex-specific in their 

sexual arousal than men. Women had a smaller absolute difference between sexes in 

both genital arousal and pupil dilation (albeit for the latter not significantly so). 

Furthermore, women had stronger genital responses to their less-arousing sex. 

However, hypothesized sex differences were not at all confirmed was in pupil dilation 

to the less-arousing sex. Women further reported more trait empathy, but this 

increased empathy did not explain the sex difference in sexual arousal patterns. 

Furthermore, there was very limited (and not significant) evidence that men and 

women differed in their empathy towards male and female models, but this difference, 

too, did not affect the sex difference in sexual responses.  

Thus, we found some support for the hypotheses that men and women differed 

in specificity of sexual arousal and in empathy; yet, these two sex differences were not 

further related to each other. As mentioned previously, there is sufficient evidence in 

the literature to suggest that sex differences exist in empathy and, separately, in 

sexual arousal patterns (Lam et al., 2012; Rieger et al., 2016; Stuijfzand et al., 2016). 

On this basis, the present study speculated that the two patterns may be related, but 

no evidence of such a link was found. Given the fact that the sample size was far 

above the recommended value, even given our conservative power analysis at .90, it 

appears that there is indeed no relationship between empathy, at least with respect to 

self-reported trait empathy, and sex differences in sexual arousal patterns. Perhaps, 

if we had more data for the per-video empathy data, they would elicit hypothesized 

patterns. Unfortunately, due to the COVID-19 pandemic impacting on testing, our 

participant sample fell short of the one recommended by the power analysis.  
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Further work should also consider other mechanisms and measurements. The 

mirror neuron system, which may be the basis for empathy in humans, is known to 

activate both when an individual performs an action, and when observing another 

individual performing the same action (Rizzolatti & Craighero, 2004). The strength of 

this “mirroring” can be predicted by psychometric measures of empathy (Jabbi et al., 

2007). One fMRI study suggested that in men, degree of penile erection correlated 

with mirror neuron activation while viewing stimuli depicting heterosexual intercourse; 

thus, the same neurons may be activated if men experience sexual arousal 

themselves or view other people being sexually aroused (Mouras et al., 2008). Future 

research could therefore focus on employing a measure of mirror neuron activation, 

which has already been shown to relate in some fashion to sexual arousal in men, but 

has never been studied with regards to sex differences.  

It is further possible that a sex difference in empathy (or in mirror neuron 

activation) is underpinned by a sex difference in androgen exposure, either during 

prenatal development or in the bloodstream as an adult (Chapman et al., 2006; van 

Honk et al., 2011). Therefore, another possible avenue for future research may be to 

employ a robust measure of androgen exposure – either in the bloodstream or during 

the prenatal period – alongside a measure of empathy – either via self-report or via 

direct measurement of the mirror neuron system – to examine whether these 

measures can illuminate a link between sex differences in empathy and sex 

differences in sexual arousal.  

One limitation of the present study was that sexual response patterns measured 

with pupil dilation did not fully reflect those assessed via genital arousal. While patterns 

seen in pupil dilation did broadly match those seen in genital arousal (in that men 

showed a stronger response to one sex over the other), men also dilated more strongly 
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than women to their less-preferred sex, which was the opposite of our hypothesis. 

While there is substantial evidence for the validity of genital arousal as a measure of 

sexual interest (Janssen, 2002; Suschinsky et al., 2009). Pupil dilation is a newer 

measure of sexual response, with a comparatively smaller body of evidence. In some 

studies it has produced results which match with those found through genital arousal 

(Rieger et al., 2015), but in others it has produced results which are not fully reflective 

of genital arousal patterns (Watts et al., 2018c). Because pupil dilation reflects not only 

sexual arousal, but also emotion, cognition, or non-sexual interest in stimuli (Bradley 

et al., 2008; Goldinger & Papesh, 2012), for some participants, pupillary responses 

could have been driven by factors other than sexual interest.  

In sum, the present study suggested that women have less specific sexual arousal 

patterns, on average. In some analyses, women also reported having higher level of 

empathy than men. However, there was no evidence that these two patterns are linked 

with one another. There might be other, unknown personality characteristics or 

cognitive or emotional factors which explain the lack of specificity in the sexual 

responses of women.



  

Table 5.1 - Multiple Regression Analyses for Sex and Composite Trait Empathy Predicting Absolute Difference to One Sex Over the Other 

in Genital Arousal (N = 274) and Pupil Dilation (N = 216).  

Step 1 Absolute Difference in Genital Arousal  Absolute Difference in Pupil Dilation   

Variables    

Sex1 -.39 [-.51, -.28]**  -.12 [-.26, .01] †  

Step 2 Absolute Difference in Genital Arousal  Absolute Difference in Pupil Dilation   

Variables    

Sex1 -.42 [-.54, -.30]** -.11 [-.25, .04] †  

Composite Trait Empathy2 .08 [-.04, .20] -.05 [-.19, .09]  

Note. R2’s for the two models are .15 and .02 in Step 1, and .16 and .02 in Step 2. Numbers in brackets represent 95% confidence intervals 

of the standardized regression coefficient, . 1Males were coded as 0, females as 1. 2Higher scores indicate greater self-reported composite 

trait empathy as measured on the Interpersonal Reactivity Index. † p < .10, ** p < .01. 
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Table 5.2 - Regression Analyses for Sex and Composite Trait Empathy Predicting Sexual Response to the Less-Arousing Sex in Genital 

Arousal (N = 247) and Pupil Dilation (N = 216). 

Step 1 Genital Response to Less-Arousing Sex Pupil Dilation to Less-Arousing Sex  

Variables    

Sex1 .62 [.52, .72]**  -.13 [-.26, .00] †  

Step 2 Genital Response to Less-Arousing Sex Pupil Dilation to Less-Arousing Sex   

Variables    

Sex1 .59 [.49, .70]** -.14 [-.29, .00]*  

Composite Trait Empathy2 .07 [-.04, .17] .03 [-.11, .18]  

Note. R2’s for the two models are .38 and .017 in Step 1, and .38 and .018 in Step 2. Numbers in brackets represent 95% confidence 

intervals of the standardized regression coefficient, . 1Males were coded as 0, females as 1. 2Higher scores indicate greater self-reported 

composite trait empathy as measured on the Interpersonal Reactivity Index. † p < .10, * p < .05, ** p < .01. 
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Table 5.3 - Multiple Regression Analyses for Sex and Per-Video Empathy Predicting Absolute Difference in Genital Arousal to One Sex 

Over the Other (N = 65). 

Step 1 Absolute Difference in Genital Arousal   

Variables    

Sex1 -.38 [-.61, -.14]**   

Step 2 Absolute Difference in Genital Arousal   

Variables    

Sex1 -.38 [-.61, -.14]**   

Absolute Difference in Per-Video Empathy2 -.11 [-.13, .34]   

Note. R2 for the model is .14 in Step 1 and .15 in Step 2. Numbers in brackets represent 95% confidence intervals of the standardized 

regression coefficient, . 1Males were coded as 0, females as 1. 2Higher scores indicate a greater difference between per-video empathy 

reported towards male stimuli and female stimuli, on average. ** p < .01. 
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Table 5.4 - Multiple Regression Analyses for Sex and Per-Video Perspective-Taking Predicting Genital Response to the Less-Arousing 

Sex (N = 65). 

Step 1 Genital Response to Less-Arousing Sex   

Variables    

Sex1 .55 [.34, .76]**   

Step 2 Genital Response to Less-Arousing Sex   

Variables    

Sex1 .51 [.30, .72]**   

Minimum Per-Video Empathy2 .18 [-.03, .39] †   

Note. R2 for the model is .30 in Step 1 and .33 in Step 2. Numbers in brackets represent 95% confidence intervals of the standardized 

regression coefficient, . 1Males were coded as 0, females as 1. 2Higher scores indicate a greater degree of empathy reported to male 

stimuli or female stimuli – whichever of the two was lower. † p < .10, ** p < .01.  
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Figure 5.1 - Genital arousal and pupil dilation of men and women to sexual stimuli. Absolute difference between stimuli featuring 

males and stimuli featuring females in (A) genital responses of 102 men and 145 women and (B) pupil dilation of 90 men and 126 

women. On the Y axis, scores reflect the absolute difference between sexual arousal to males and females, standardized within 

participants. Solid lines represent group means, and dashed lines their 95% confidence intervals. Dots represent participants’ average 

scores. Captions are independent-samples t-tests. 

B A 

p < .001, t = 6.68, d = .87 [.79, .94] p = .07, t = 1.84, d = .26 [.22, .29] 
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Figure 5.2 - Genital arousal and pupil dilation of men and women to sexual stimuli. Minimum arousal to stimuli featuring males and 

stimuli featuring females – whichever is lowest - in (A) genital responses of 102 men and 145 women and (B) pupil dilation of 90 men 

and 126 women. On the Y axis, scores reflect minimum arousal values, standardized within participants. Solid lines represent group 

means, and dashed lines their 95% confidence intervals. Dots represent participants’ average scores. Captions are independent-

samples t-tests. 

p < .001, t = -12.27, d = -.1.59 [-1.66, -1.52] 

B A 

p = .05, t = 1.94, d = .27 [.19, .35] 
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Figure 5.3 - Self-reported empathy of men and women. Figure A depicts self-reported trait empathy as measured on the Interpersonal 

Reactivity Index for 111 men and 147 women. Figure B depicts the absolute difference in per-video empathy between stimuli featuring 

males and stimuli featuring females in 32 men and 33 women. Figure C depicts minimum per-video empathy to stimuli featuring 

males and stimuli featuring females – whichever is lowest – in 32 men and 33 women. On the Y axis, scores reflect mean self-

reported composite empathy (A), absolute difference in composite per-video empathy (B) and minimum composite per-video empathy 

(C). Solid lines represent group means, and dashed lines their 95% confidence intervals. Dots represent participants’ average scores. 

Captions are independent-samples t-tests. 

B A C 

p = .90, t = -.12, d = -.03 [-.33, .27] p = .09, t = -1.71, d = -.43 [-.70, -.15] p < .001, t = -5.75, d = -.72 [-.81, -.65] 
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Chapter 6 General 

Discussion 
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 In general, the present work suggested that the sex difference in 2D:4D was 

significant in the predicted direction, with women having more female-typical (higher) 

2D:4D in both hands than men. Sex differences in sexual arousal were also significant 

in the predicted directions, with women showing a less specific pattern of sexual 

arousal than men, both in terms of their genital arousal and pupil dilation. Despite this, 

the sex difference in 2D:4D did not explain the sex difference in sexual arousal 

patterns. Women also reported higher levels of empathy than men, on average, but 

again, empathy did not explain the sex differences in sexual arousal patterns. 

 In women, we found that homosexual women had more male-typical (specific) 

sexual arousal patterns than heterosexual women, and that homosexual women had 

more male-typical self-concepts and behaviours than heterosexual women. We did 

not confirm that homosexual women had more male-typical 2D:4D than heterosexual 

women, or that variation in 2D:4D explained in any way the difference between 

heterosexual and homosexual women in their gender nonconformity or sexual arousal.  

 In humans, there is indirect evidence of 2D:4D reflecting prenatal exposure to 

androgens. This includes that a sex difference in 2D:4D in foetal humans as early as 

9 weeks gestation, which rules out the idea that social influences might be responsible 

(Galis et al., 2010; Malas et al., 2006). Through various means, we can also eliminate 

other potential explanations for a sex difference in 2D:4D, including the direct effect of 

sex chromosomes themselves, or the antimullerian hormone which prevents the 

development of the female genital tract in males. This leaves prenatal androgen 

exposure as the most possible explanation other than some as-yet unknown biological 

factor (Swift-Gallant et al., 2020). This assertion is further supported by evidence from 

conditions that affect an individual’s exposure to androgens, with individuals with CAH 

(which causes excessive androgen exposure) having lower 2D:4D, and individuals 
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who have CAIS (which causes immunity to androgens) having higher 2D:4D (Brown 

et al., 2002b; Wisniewski et al., 2000).  

 Experimentally controlled causal evidence of a link between prenatal 

androgens and both 2D:4D and adulthood sexual behaviour does exist, but not from 

human models. At least in rodents, exposure to high levels of androgens prenatally 

masculinises the 2D:4D ratio and causes a predicted sex difference in 2D:4D (Zheng 

& Cohn, 2011). In primates, exposure to prenatal androgens can produce 

masculinisation of both sexual and non-sexual behaviours, although this study did not 

measure 2D:4D (Goy et al., 1988). However, it is possible that animal models – even 

those from closely-related primates – may not be applicable to humans because of 

biological differences between the species. One cannot rule this out, and so such 

studies must be interpreted with caution.  

 The lack of a link between sexual orientation and 2D:4D in women in the 

present sample is puzzling, as such an effect was previously confirmed in two separate 

meta-analyses (Grimbos et al., 2010; Hönekopp et al., 2007). Assuming for a moment 

that a true link between women's sexual orientation and 2D:4D exists, one could 

therefore reason that it would further explain the relationship between women’s sexual 

orientation and other variables, such as their sexual arousal patterns. However, one 

of these meta-analyses (Grimbos et al., 2010) did report the possibility of publication 

bias in the literature, and speculated that the true link between 2D:4D and sexual 

orientation, if it exists, is possibly weaker on average than what is reported. 

Even without considering this potential literature bias, it is also the case that the 

link between women's sexual orientation and 2D:4D is not perfect. For example, 

individual studies on sexual orientation and 2D:4D often find a relationship in one hand 

but not the other, and no explanation has yet been offered for this (Grimbos et al., 
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2010). It is therefore plausible that other, unknown factors could affect the precision of 

the relationship between prenatal androgen exposure and 2D:4D (McCormick & Carré, 

2020). If true, this could explain not only the lack of link between sexual orientation 

and 2D:4D in the present research, but also the fact that 2D:4D did not explain the link 

between sexual orientation and other variables.  

 In general, it is possible that 2D:4D is sufficiently sensitive as a measure to 

detect a difference in prenatal androgen exposure between men and women, but not 

sufficiently sensitive to (at least reliably) detect an effect of sexual orientation in 

women. It is therefore possible that other factors which affect the length of digits (but 

not sexual orientation) or sexual orientation (but not the length of digits) create enough 

noise to render the measure ineffective except, perhaps, in very large samples.  

 If this is the case, could a stronger indicator of prenatal androgen exposure, 

stronger than 2D:4D, explain the masculinisation of sexual arousal patterns? This has 

been tried previously using gender nonconformity itself as an indicator of prenatal 

masculinisation (which should therefore also impact on sexual arousal patterns), but 

there was no conclusive evidence on either occasion that gender nonconformity and 

sexual arousal patterns are related (Rieger et al., 2016). Another possibility arising 

from the study on primates is that different aspects of sexual and non-sexual behaviour 

may be masculinised separately by exposure to androgens at different stages of foetal 

development (Goy et al., 1988). It is therefore possible that sexual orientation, sexual 

arousal patterns and 2D:4D are all masculinised by exposure to androgens during the 

prenatal period, just during independent “critical windows”.  

 Or, are male-typical versus female-typical sexual arousal patterns not even 

affected by prenatal androgenization, but instead by yet-unknown factors?  One 

possibility is independent biological factors influencing sexual arousal patterns – these 
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could be genetic, but independent of androgens, or they could be other hormones 

entirely, and thus not reflected in 2D:4D. For example, we know that sexual orientation 

in men is shaped to some degree by the fraternal birth order effect, where each 

successive male child in a family has a higher chance of developing a homosexual 

orientation because of his mother’s growing resistance to H-Y antibodies produced 

during pregnancy (Bogaert et al., 2018). There is no similar effect known in women, 

but this at least presents evidence in favour of biological processes which would likely 

not be reflected in finger length ratios influencing sexual orientation (and therefore, 

potentially, on sexual arousal). 

Another possible explanation for the masculinized sexual arousal patterns seen 

in homosexual women is social influences, although this seems very unlikely. Although 

we expect that a social explanation could be constructed to explain a sex difference in 

sexual arousal, in that men and women are unquestionably subject to different social 

environments, it seems unrealistic to us that any social factors would be the true 

reasons for differences in female vasocongestion patterns (which are often unknown 

to women), especially. Furthermore, any potential social explanation would fall short 

of feasibly being able to explain why arousal patterns would differ between 

heterosexual and homosexual women, or between subgroups of homosexual women. 

Thus, we favour the biological explanation even in the absence of any concrete 

evidence for what the biological factors may be. 

We have also considered the possibility that part of the issue may be a 

weakness in how we measure sexual arousal in women, in particular our measure of 

vasocongestion, which assesses vaginal pulse amplitude. This measure was recently 

found not to significantly correlate to genital lubrication to sexual stimuli. Instead, 

lubrication correlated with subjective arousal (Sawatsky et al., 2018). This raises 
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questions about its ecological validity as a measure of female sexual arousal, although 

it is still possible that vasocongestion is a necessary precursor to lubrication, and that 

lubrication only occurs when cues to potential penetration are present in the stimuli 

(Lalumière et al., 2020). Despite these limitations, we stress that vasocongestion 

produces a link between sexual orientation and specificity of arousal patterns in 

women which is similar to other measures such as pupil dilation, viewing time, and 

brain imaging (Ebsworth & Lalumière, 2012; Rieger et al., 2015; Safron et al., 2019). 

Vasocongestion is also highly male-specific in (male-to-female) transgender men, 

suggesting that this measure can pick up male-typical arousal patterns, if they exist, 

in biological females (Raines, In Press). 

 In theory, it is possible that other genital measures would produce more valid 

results. Two relatively new genital measures are clitoral blood volume and genital 

thermography (Huberman & Chivers, 2015; Suschinsky et al., 2020), both of which 

have already produced non-specific patterns of sexual arousal among heterosexual 

women, consistent with the patterns found with the measure used in present research, 

but have not yet been tested on homosexual women. Thus, one avenue for future 

research is to assess the use of multiple measures of sexual arousal in a sample of 

women of varying sexual orientations, to determine whether homosexual women have 

male-typical patterns of sexual responses, and to test whether (potential) multiple 

male-typical patterns of sexual arousal link to 2D:4D, or some other measure of 

prenatal androgenisation (some of which might be difficult to assess) such as 

anogenital distance or otoacoustic emissions (Barrett et al., 2018; McFadden & 

Pasanen, 1998). 

 Taken together, these separate lines of evidence indicate that the non-specific 

pattern of arousal seen in natal females is unlikely to be a product of the sexual arousal 
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measures themselves. As such, although we speculate that vasocongestion may be 

one reason for our null results, it is also entirely possible that other measures would 

produce similar results. 
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