
 

 

HORMONAL INFLUENCES ON SEX-LINKED ATTITUDES  

TOWARD SEXUAL BEHAVIOR 

 

 

 
A Thesis 

 
by 

NORA ELIZABETH CHARLES 

 

 
Submitted to the Office of Graduate Studies of 

Texas A&M University 
in partial fulfillment of the requirements for the degree of 

 
MASTER OF SCIENCE 

 
 
 
 
 
 
 

May 2008 
 
 
 
 
 
 

Major Subject: Psychology 
 
 
 
 
 



 

 

 
HORMONAL INFLUENCES ON SEX-LINKED ATTITUDES  

TOWARD SEXUAL BEHAVIOR 

 
 

 

 
A Thesis 

 
by 

NORA ELIZABETH CHARLES 

 

 
Submitted to the Office of Graduate Studies of 

Texas A&M University 
in partial fulfillment of the requirements for the degree of 

 
MASTER OF SCIENCE 

 
 

Approved by: 
 
Chair of Committee,   Gerianne M. Alexander 
Committee Members,   Michael S. Alvard 

Brian D. Doss 
Head of Department,   Leslie C. Morey 

 
 
 
 

May 2008 
 
 
 
 

Major Subject: Psychology 
 



                                                                                                                                    iii 

 

ABSTRACT 
 
 

Hormonal Influences on Sex-linked Attitudes  

Toward Sexual Behavior. (May 2008) 

Nora Elizabeth Charles, B.A., Northwestern University 
 

Chair of Advisory Committee: Dr. Gerianne M. Alexander 
 
 

Previous studies of non-human animals and humans with endocrine 

abnormalities have demonstrated that higher prenatal androgen levels promote more 

male-typical behavior, including cognitive abilities and sexual behavior. Research on 

normal hormonal fluctuations (e.g. menstrual cycle studies) has shown additional effects 

of circulating sex hormones in postnatal life on the expression of a number of sex-linked 

cognitive and sexual behaviors. This research was designed to replicate previously 

reported sex differences in a variety of domains and to extend prior findings of an 

association between low (male-typical) 2nd to 4th digit (2D:4D) ratio, enhanced (male-

typical) mental rotation ability, and more liberal (male-typical) sexual attitudes and 

behavior in women. This is also the first study to examine the effects of hormonal 

factors and other sex-linked variables on sociosexuality in men. As part of this study, 

participants (n = 127) completed a battery of gender role measures, sex-linked cognitive 

tasks, and a sexual attitudes questionnaire. Prenatal androgen levels were indirectly 

measured by means of the index to ring finger (2D:4D) ratio, and testosterone and 

progesterone levels were obtained from saliva samples collected at each session from 

participants who were not using hormonal contraceptives. Results replicate  
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previously reported sex differences in sexual attitudes, sex-linked behaviors and 

personality traits. More importantly, results provide the first evidence for both pre- and 

postnatal contributions to sexual attitudes. Men with lower (more male-typical) 2D:4D 

ratios reported less restricted (more male-typical) sexual attitudes, suggesting that 

prenatal hormone levels may influence sexual attitudes in adulthood, at least in men. 

Additionally, the tendency for women who were not using hormonal contraceptives to 

report less restricted sexual attitudes during the mid-luteal phase of their cycle than 

during the menstrual phase suggests that changes in circulating sex hormone levels in 

adulthood, such as those during the menstrual cycle, may influence sexual attitudes in 

women. 
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INTRODUCTION 

Many human behaviors show a sex difference in their frequency or strength of 

expression. Some well-documented examples of sexually dimorphic traits in humans 

include gender identity and gender role behavior in childhood (e.g. Golombok & Rust, 

1993), as well as adulthood (e.g. Bem, 1974). Spatial abilities also tend to be sexually 

dimorphic and a large (d>.8; Cohen, 1992) male advantage (Voyer, Voyer, & Bryden, 

1995) is typically found in the performance of mental rotation problems (e.g. Peters et al., 

1995) and in targeting ability (Watson & Kimura, 1991).  

 Sex differences also exist in the domain of sexual behavior such that men report 

higher frequencies of sexual activity and sexual thoughts than women. Men and women 

also differ in their attitudes about casual sexual behavior and their willingness to 

participate in sexual behavior outside of a monogamous, committed relationship, a trait 

called sociosexuality. A general finding in sociosexuality research is that men typically 

report a less restricted sociosexual orientation (i.e. more positive attitudes towards casual 

sexual behavior) than do women, though there is considerable variation within each sex 

(Hendrick, Hendrick, Foote, & Slapion-Foote, 1984). Previous research on the 

association between sociosexuality and hormone-behavior relations has found that less 

restricted (more male-typical) sociosexual orientation is associated with other masculine 

traits and behaviors (e.g. Clark, 2004; Cunningham & Russell, 2002), a relationship 

consistent with the general assumption of hormone-behavior theory that all sex-linked 

behaviors share common hormonal determinants (Breedlove, Cooke, & Jordan, 1999). 

Considerable research suggests that sex differences in human behaviors are influenced by  

____________ 
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sex hormones. The 2nd to 4th digit (2D:4D) ratio, a proxy measure of prenatal androgen 

exposure, shows a sex difference with men having lower 2D:4D ratios than women 

(Manning, et al., 2000). Similarly, circulating sex hormone levels vary by sex from the 

earliest stages of development, with men having higher levels of testosterone, and women 

having higher levels of estrogen and progesterone (Hines, 2004a). Though sex 

differences have been demonstrated in a variety of domains of human traits and abilities, 

there is no clear consensus for the role that sex hormones play in these differences and 

the relative contributions of prenatal and postnatal hormone levels have not been fully 

determined (Van Goozen, Cohen-Kettenis, Gooren, Frijda, & Van De Poll, 1995).  

A substantial amount of research has also investigated the role that sex hormones 

play in human sexuality. Hormone-behavior research has focused primarily on sexual 

motivation in men (Anderson, Bancroft, & Wu, 1992; Davidson, Camargo, & Smith, 

1979; Wang et al., 1996) and women (Alexander & Sherwin, 1993; Sherwin, Gelfand, & 

Brender, 1985). In contrast, less attention has been paid to other facets of sexuality, such 

as sex-linked sexual attitudes. The present research was designed to further examine the 

relation between sex hormones in pre- and postnatal life and sex-linked behaviors, 

personality traits, and sexual attitudes in adulthood. 
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REVIEW OF LITERATURE 

There are two mechanisms by which sex hormones are theorized to affect an 

individual’s brain, body and behavior: organizational effects and activational effects. 

Organizational  effects occur early in fetal development and lead to sexually dimorphic 

brain organization, which supports later sex differences in behavior (Phoenix, Goy, 

Gerall, & Young, 1959). The expression of most sexually dimorphic behavior also 

requires critical amounts of hormones in postnatal life (termed activational effects) and 

variability in postnatal hormones, such as those observed across the menstrual cycle (e.g. 

Kimura & Hampson, 1994), is thought to contribute to variability in sex-linked behavior.  

 Some well-documented examples of sexually dimorphic traits in humans include 

spatial ability, sex role orientation and sexual behavior. Early researchers (e.g. Money, 

Hampson, & Hampson, 1955) suggested that human sex differences are determined by 

gender socialization, and that no biological factors are involved. This hypothesis was 

later rejected in favor of a model that includes biological influences in the development 

of sexually dimorphic traits (Zuger & Money, 1970). Although social learning and an 

individual’s environment contribute to the development of sex-typical behavior (Ruble & 

Martin, 1998), convergent evidence suggests there is a biological predisposition to 

behave in ways that are either typically female or typically male. A large part of this 

inclination appears to result from the hormonally determined process of sexual 

differentiation.  

Physical sexual differentiation occurs as a result of sex hormone secretions from 

the gonads early in gestation (Hines, 2004b). At the beginning of development, males and 

females have undifferentiated genitalia and gonads. By the 8th week of fetal development, 
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individuals with a Y chromosome develop testes that secrete high levels of testosterone. 

Individuals with two X chromosomes develop ovaries that produce estrogen. The higher 

levels of testosterone in XY embryos cause the development of a male phenotype, 

including the growth of internal and external genitalia, brain lateralization and other 

sexually dimorphic physical characteristics in humans and other mammalian species.  

In other animals, it is well-established that prenatal sex hormones also influence 

the sexual differentiation of behavior, such as aggression and sexual behavior. (Goy & 

McEwen, 1980). In these studies, higher levels of androgens in prenatal life were 

associated with male-typical sexual, play, aggressive and cognitive behavior in both 

sexes. These findings have led to an increased interest in the role of prenatal hormonal 

factors in the development of gender-typical human behavior (for review, see Cohen-

Bendahan, van de Beek, & Berenbaum, 2005). 

Organizational Effects of Sex Hormones in Humans 

For obvious ethical reasons, it is not possible to manipulate hormone levels in 

prenatal life in order to test the organizational effects of sex hormones on human 

development. Therefore, strategies in human research on hormones and behavior include 

studies of individuals with known prenatal hormone “imbalances” (e.g. Congenital 

Adrenal Hyperplasia) and correlations of estimates of prenatal hormone exposure with 

behavior in normal individuals (Cohen-Bendahan et al., 2005).  

Evidence for the effects of prenatal androgens on human development comes 

from studies of children and adults with congenital adrenal hyperplasia (CAH), a 

syndrome in which adrenal androgens are produced at an above-average level (Hines, 

2004b). Girls with CAH are usually diagnosed early in life because they display 
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masculinized genitalia as a result of their prenatal exposure to increased levels of 

testosterone. These girls are prescribed hormone therapy and surgery to feminize their 

genitalia and they are usually raised as females. Boys with CAH do not show abnormal 

physical development and are usually not diagnosed immediately upon birth. It has been 

suggested that excess androgen is either not harmful to these boys’ development or that 

their testes compensate for the abundance of androgen in their prenatal environment by 

under-producing testosterone, which regulates their androgen exposure.  

Consistent with the proposed role of hormones in the development of sex 

differences in human behavior, young girls with CAH show an increased interest in toys 

that are usually preferred by boys, such as cars, and decreased interest in toys that are 

usually preferred by girls, such as dolls. (Hines, 2004b). Girls with CAH also show better 

(more male-typical) performance on a targeting task than unaffected girls (Hines et al., 

2003) and as adults report higher levels of sexual interest in same-sex partners (Zucker et 

al., 1996). In general, the behavior of girls with CAH is more male-typical than that of 

girls without CAH, but not as male-typical as that of boys, either with or without CAH 

(Hines, 2004b). This pattern of behavior suggests that prenatal androgen exposure affects 

the development of gender roles but that other factors (such as additional biological 

differences between boys and girls or the effects of socialization) also contribute to their 

development.  

Although studies of individuals with CAH and other endocrine disorders have 

provided useful information on the effects of abnormal hormone exposure, researchers 

also seek to understand the effects of prenatal hormones on individuals with typical 

development. A recent strategy in studies of humans without an endocrine disorder is the 
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use of a proxy measure of prenatal hormone levels, the ratio of the length of the index 

finger, or 2nd digit, to the length of the ring finger, or 4th digit. The difference in 2D:4D 

ratios is believed to be an organizational effect of prenatal hormones, as it is present at a 

young age and does not change at puberty. Several findings indicate that this ratio is 

determined early in fetal development and is related to the prenatal (or neonatal in some 

species) hormone environment. The digits and genitals develop around the same time and 

testosterone appears to stimulate the growth of the 4th digit, while estrogen stimulates the 

growth of the 2nd digit. The effects of these hormones on the development of digits is 

thought to explain the general finding that that the ratio of the 2nd to 4th digits (2D:4D 

ratio) is smaller in men than in women (Manning et al., 2000).  

Until recently, researchers had only indirect evidence to support the hypothesis 

that 2D:4D ratio is related to prenatal hormones. For example, waist-to-hip ratio, which is 

positively correlated with testosterone and negatively correlated with estradiol, is 

negatively related to 2D:4D ratio (Manning et al., 2000). However, a recent study 

(Lutchmaya, Baron-Cohen, Raggatt, Knickermeyer, & Manning., 2004) using a direct 

measurement of fetal testosterone (FT) and fetal estradiol (FE) from amniocentesis found 

a significant negative correlation between 2D:4D ratio and the FT/FE ratio. This result 

was independent of the child’s sex, which suggests that within-sex variability in 2D:4D 

ratio (and other sexually dimorphic traits) may be related to prenatal androgen levels, as 

other researchers have suggested (e.g. Hines, Golombok, Rust, Johnston, & Golding, 

2002) 

Significantly, the 2D:4D ratio has been associated with a number of sexually 

dimorphic traits. For example, some traits and disorders that are more common in males, 



7 

 

such as left-handedness and autism-spectrum disorders, are associated with low 2D:4D 

ratios (Manning, Baron-Cohen, Wheelwright, & Sanders, 2001).  Smaller 2D:4D ratios 

have also been associated with better spatial rotation ability, a behavior that typically 

shows a male advantage. In one recent study, women with a low (more male-typical) 

2D:4D ratio performed better on a test of mental rotation ability than women with a high 

(more female-typical) 2D:4D ratio (Clark, 2004). However, some researchers have found 

no correlation  between 2D:4D ratio and performance on mental rotation problems in 

males (Putz, Gaulin, Sporter, & McBurney, 2004) and in both sexes (Coolican & Peters, 

2003), indicating that there is mixed support for the role of prenatal androgens in mental 

rotation ability.  

In sum, research on atypical development provides strong support for a role of 

prenatal hormones in the development of sex-linked behavior in humans. Some findings 

from research on typical development suggest that the use of digit ratios may be helpful 

in understanding the relation between prenatal androgen levels and gender-linked 

behavior, and so may be useful in future tests of prenatal hormone effects on human 

behavior.  

Activational Effects of Sex Hormones in Humans 

Animal research indicates that many sex-linked behaviors are activated by 

postpubertal levels of sex steroids. Strategies for understanding the activational effects of 

hormones on human behavior include studying individuals ingesting synthetic sex 

hormones (e.g. transsexuals) and examining changes in natural sex hormone levels (e.g. 

throughout the menstrual cycle). 
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In research on transsexuals, any changes in sex-linked behaviors following 

hormone administration are presumably related to the activational effects of the synthetic 

hormones on the brain. One study found that female-to male transsexuals became more 

aggressive, had heightened sexual arousability, performed better on a test of spatial 

ability, and showed a decrease in verbal ability following androgen administration. In 

male-to-female transsexuals, decreasing androgen levels were associated with enhanced 

verbal ability (Van Goozen et al., 1995). Another study found that pseudohermaphrodites 

who were raised as females until puberty, when a surge in their testosterone levels led to 

the growth of a penis, experienced a seemingly uncomplicated change in gender identity 

(Imperato-McGinley, Guerrero, Gautier, & Peterson., 1974). These results suggest that 

the activational effects of sex hormones play a strong role in gender identity and can 

supersede earlier socialization, at least when the administered hormones are not 

consistent with the biological sex of the individual.  

In line with these findings from research on synthetic hormone administration, 

menstrual cycle studies have generally found that individuals with higher estrogen levels 

perform better on female-advantage tasks (e.g. facial recognition and spatial location 

memory) and worse at male-advantage tasks (e.g. mental rotation and targeting). 

Similarly, higher testosterone levels in women have been associated with better 

performance on male-advantage tasks and worse performance on female-advantage tasks 

(e.g. Hampson, 1990; Hampson, & Kimura, 1988; Van Goozen et al., 1995). However, 

some researchers have failed to find an association between sex hormone levels and 

cognitive task performance (Halari et al., 2005), suggesting that the effects of circulating 

hormones on sex-linked tasks may not be entirely understood. 
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The activational effects of testosterone have also be studied in the context of other 

cyclical changes in hormone levels (Sanders & de Chastelaine, 2002). Male testosterone 

levels peak in the autumn and are lower during the spring for individuals living in the 

northern hemisphere. This seasonal change has been associated with variations in 

cognitive abilities, such that males perform better at male-advantage tasks in the spring, 

when testosterone levels are lower (Kimura & Hampson, 1994). Additionally, both male 

and female testosterone levels are higher in the morning than in the afternoon and 

evening (Dabbs, 1990). Male spatial performance improves as the day goes on, while 

female performance worsens, suggesting that each sex has an optimal level of 

testosterone for performance on tests of spatial ability (Moffat & Hampson, 1996). 

Though some researchers have found apparent effects of circulating sex hormone 

levels on sex-linked task performance and gender role identification, others have failed to 

find a connection between levels of sex hormones and gender typicality. Research 

exploring the effects of sex-consistent hormone administration in adolescents with 

delayed puberty found the expected sex differences in spatial performance but 

determined that there were no within-individual effects related to hormone administration 

(Liben et al., 2002). Some studies of normal adults have found that levels of estrogen, 

testosterone and progesterone were not significantly related to performance on spatial 

abilities or verbal tasks (Halari et al., 2005), and that fluctuations in testosterone levels 

across the menstrual cycle did not affect spatial abilities in women (Schattmann, 2004). 

In sum, research on the effects of changes in circulating hormone levels (e.g. 

menstrual cycle studies, within-person variation in testosterone levels) support the 

hypothesis that variability in circulating levels of hormones may contribute to individual 
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differences in sex-linked behaviors, but the magnitude and reliability of these effects are 

unclear. 

Sexual Attitudes and Behavior 

In general, a masculine sex role orientation refers to more identification with 

stereotypically masculine traits like assertiveness and less identification with more 

typically feminine traits, like yielding to the will of others (Bem, 1974). From an 

evolutionary perspective, we understand that the variation in sex-linked characteristics 

includes differing interest in either procreating with as many partners as possible or 

developing a monogamous partnership. Mating with a large number of short-term 

partners, usually selecting mates of high genetic quality, characterizes a short-term 

mating strategy (Buss & Schmitt, 1993). Long term mating strategy involves building 

exclusive, long-term mating relationships and emphasizing large parental investments 

from both partners. In most species, males invest less than females in their offspring and 

thus are motivated to pursue more short-term sexual relationships, since these types of 

unions allow them to procreate with many females but invest little in the process. 

Females, on the other hand, desire a steady mate who will support them and any 

offspring, so they are more likely to pursue a long-term relationship. Even in modern 

society, after the advent of birth control and the sexual revolution, a short term mating 

strategy is usually more characteristic of male sexual behavior than female sexual 

behavior (Simpson & Gangestad, 1991).  

This sex difference in mating goals can be conceptualized as a differing attitude 

toward and willingness to participate in uncommitted sexual relationships. The 

Sociosexual Orientation Inventory (SOI; Simpson & Gangestad, 1991) was developed to 
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assess an individual’s attitudes regarding sexual relations outside of a committed 

relationship and his or her history of casual sexual behavior. After completing the SOI, 

individuals are placed on a dimension from restricted to unrestricted sociosexual 

orientation. People who display a more restricted sociosexual orientation desire to be 

closer to their partner before initiating a sexual relationship. They report fewer partners in 

the past year and fewer one-night stands. Individuals on the unrestricted end of the 

dimension report feeling more comfortable having sex with an uncommitted partner. A 

restricted sociosexual orientation (low SOI score) is associated with long-term mating 

tactics, while an unrestricted sociosexual orientation (high SOI score) is connected to 

short-term mating strategy. Although the SOI has traditionally been considered a 

unidimensional measure, recent research has demonstrated that splitting the SOI items 

into a behavioral factor and an attitudinal factor provided a better fit for the data and 

allowed for the detection of differing associations between these two factors and other 

variables (Webster & Bryan, 2006). 

Males usually report a less restricted sociosexual orientation, while females tend 

to fall on the restricted end of the dimension. However, there is considerable variation 

within each sex that exceeds this between-sex difference (Hendrick, et al., 1984). This 

within-sex variation in sexual attitudes may be affected by individual differences in the 

factors known to contribute to sex differences in other sex-linked behaviors. For example, 

women who have higher (more male-typical) SOI scores can be described as having a 

more masculine sociosexual orientation. It is possible that this more masculine 

sociosexual orientation resulted from higher prenatal androgen levels that promoted a 

physical and psychological developmental pattern that resembled typical male 
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development (Clark, 2004). In support of this hypothesis, one study found that women 

with above-average numbers of past sexual partners (25-200) reported more masculine 

behavior and gender role identity than did women with lower numbers of sexual partners 

(0-10) (Mikach & Bailey, 1999). Other research has associated unrestricted 

sociosexuality with more traditional gender role attitudes in men (Walker, Tokar, & 

Fischer, 2000) and more self-reported masculinity in both men and women (Cunningham 

& Russell, 2002). Further, women reporting male-typical sociosexual orientations were 

also found to have smaller 2D:4D ratios and better performance on a mental rotation task 

(Clark, 2004), consistent with the existence of a role for prenatal hormones in their more 

male-typical development. 

Although suggestive, much of the earlier research on sociosexual orientation is 

limited because the researchers tended to focus mostly on women. Some research has 

shown different patterns of correlations between sociosexuality and other gender-linked 

phenomena in men and women, suggesting that research performed on women does not 

necessarily translate to the population as a whole (Yost & Zurbriggen, 2006). For that 

reason, a preliminary investigation of the proposed associations among prenatal 

androgens, mental rotation ability and sexual behavior (modeled after Clark, 2004) was 

conducted in a sample of healthy women and men. It was hypothesized that the within-

sex variation on mental rotation scores, sociosexual orientation and gender role identity 

in both sexes could be partially explained by differences in prenatal testosterone 

exposure, as estimated by the 2D:4D ratio. 
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Pilot Study 

 In the pilot study for the present research, 25 male and 25 female participants 

were recruited from the Psychology Subject Pool at Texas A&M University and through 

an advertisement in the university newspaper. Participants completed measures of gender 

role (e.g. BSRI; Bem, 1974), sociosexual orientation (SOI; Simpson & Gangestad, 1991), 

and spatial ability (Mental Rotations Test; Peters et al., 1995). In addition, left and right 

2D:4D measurements were taken to provide a proxy measure of prenatal androgen levels. 

The results of this pilot study provided equivocal support for the proposed association 

between sexual attitudes and sexual differentiation. No associations between sex-linked 

traits were observed in men. In women, more male-typical gender roles were associated 

with better spatial ability (BSRI and scores on the mental rotation task, r=.454, p<.05). 

However, contrary to the previous report (Clark, 2004), no relation was found between 

right 2D:4D and SOI score in either sex, and a significant positive correlation was found 

between left 2D:4D and SOI score in women (r=.629, p<.01), suggesting that more 

female-typical levels of androgens were associated with more male-typical sexual 

attitudes, at least in women.  
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PURPOSE AND HYPOTHESES 

 In view of the inconsistencies in the findings of limited research investigating 

sexual attitudes in the context of hormone-behavior relations, the aim of this research was 

to examine again the relation between sexual attitudes and gender phenotypes, as 

indicated by gender role, performance on sex-linked tasks, and sex hormone levels. To 

date, there are no studies investigating the effects of the menstrual cycle on 

sociosexuality in humans. Since it is possible that the fluctuations in circulating hormone 

levels across the menstrual cycle contributed to the lack of support for an association 

between digit ratios and sexual attitudes in women in the pilot study, this investigation 

included measures of postnatal hormone levels along with 2D:4D ratios. It was 

hypothesized that within-sex variation on spatial abilities, sociosexuality, and sex role 

identification can be explained by a more male-typical or a more female-typical prenatal 

hormone environment and circulating levels of testosterone and progesterone, consistent 

with the organizational and activational effects of hormones on sex-linked traits. In view 

of the lack of empirical evidence supporting a relation between hormonal factors and 

sociosexuality in men, it was hypothesized that these hormone-behavior associations may 

be stronger in women.  
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METHODS 

Participants 

 As part of a larger study of sex differences in memory and spatial abilities, 127 

participants (42 men, 45 women using hormonal contraceptives, 40 women not using 

hormonal contraceptives) were recruited from both the Introductory Psychology Subject 

Pool at Texas A&M University and through an advertisement in the Texas A&M 

University newspaper. Participants recruited through Introductory Psychology courses 

received 4 credits towards their course requirements and those recruited through the 

newspaper advertisement were paid $20 (males)-$25 (females) for their participation. 

Females were paid an extra $5 because they were required to attend an orientation session 

before being accepted into the study and thus made a larger time commitment than their 

male counterparts. 

Materials 

Menstrual Cycle Questions. Hormone fluctuations across the menstrual cycle may 

affect spatial task performance in women (Hampson, 1990; Hampson, & Kimura, 1988; 

Kimura & Hampson, 1994). To account for these possible activational effects, women 

who were not on hormonal contraceptives were asked to determine the date of onset of 

their last menstrual period and the average length of their menstrual cycle during the 

introductory session. Any irregularity was noted and women with very unpredictable 

cycles were excluded from the study. Recent menstrual cycle information, in conjunction 

with an ovulation detection kit, was used to schedule testing sessions during the 

menstrual and mid-luteal phases of each woman’s cycle. The menstrual phase was 
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defined as 3-5 days after the onset of menses and the mid-luteal phase was identified as 

5-10 days before the expected onset of menses. 

Women who were using hormonal contraceptives were asked only the date of 

onset of their most recent menstrual period. Their sessions were scheduled without regard 

to their cycle phase, since the hormonal contraceptives were presumed to stabilize normal 

hormonal fluctuations and remove any possible influences of cyclical changes in 

hormone levels on sex-linked behaviors. 

Salivary Samples Questions. To ensure participants’ compliance with saliva 

sample collection restrictions, participants were asked about medication use, alcohol 

intake within 24 hours, consumption of a major meal within 60 minutes, avoidance of 

highly acidic and sugary foods, brushing teeth within 3 hours, and consumption of dairy 

products within 30 minutes of sample collection.  

 Demographics. Participants were asked their ethnicity, race, date of birth, 

handedness and relationship status.  

Vocabulary. A verbal test (Ekstrom et al., 1976) was given as a proxy measure of 

general cognitive function. Participants were presented with a list of 60 words and asked 

to select the synonym for each word from a number of alternative choices. They were 

given three minutes to complete the test. Scores on this test are the aggregated number of 

correct responses. 

 Hormone Measures: Prenatal Hormone Levels. Following previous research 

methods (Manning et al., 2001), the 2D:4D ratio (a proxy measure of prenatal hormone 

levels) was measured in millimeters using a digital caliper to determine the length of the 

ring and index fingers on both hands from the basal crease to the tip of the finger. 
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Participants’ hands were also photocopied and the copies were measured by two raters 

using the calipers. These measurements were recorded and an average measure was 

obtained across raters and compared to the in-session measurement of each participant’s 

fingers for verification. Though a correlation was found between left 2D:4D and SOI 

score in the pilot study for this research, only right 2D:4D is reported in the following 

analyses because the right hand digit ratio is believed to be a more sensitive measure of 

prenatal androgens, particularly for right-handed participants (Manning, 2002). 

 Hormone Measures: Postnatal Hormone Levels: Previous research has suggested 

that variability in circulating levels of sex hormones may contribute to individual 

differences in sex-linked behaviors (e.g. Hampson, 1990; Hampson, & Kimura, 1988; 

Van Goozen et al., 1995). To examine this hypothesis, a small amount of saliva (<15 ml) 

collected by passive drool was obtained from all men and from the women who were not 

taking hormonal contraceptives twice during each testing session. Women who were on 

hormonal contraceptives did not provide saliva samples, as artificial hormones are not 

measured by the salivary assay. 

Prior to each session, participants were told the guidelines for optimal saliva 

sample collection. After collection, saliva samples were stored at -80° C , a temperature 

that, compared to -20° C, increases the validity of assay results (Granger et al., 2004). 

Frozen samples were shipped overnight in dry ice to Salimetrics (State College, 

Pennsylvania), where salivary levels of testosterone (in women and men) and 

progesterone (in women) were measured in duplicate using enzyme immunoassays. 

 Gender Role. Two measures in this study assessed relative gender role identity. 

The Bem Sex Role Inventory (BSRI; Bem, 1974) is a 60-item measure that assesses 
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masculinity and femininity as two separate dimensions. Responses were given on a 7-

point likert scale, ranging from 1 “not at all characteristic of me” to 7 “very characteristic 

of me.” Scores were obtained by determining each participant’s total on the masculinity 

and femininity scales, where higher scores indicate more characteristics that are typically 

associated with that scale. 

 The Preschool Activities Inventory (PSAI; Golombok & Rust, 1993) consists of 

24 items that measure how frequently the participant played with certain toys (e.g. guns), 

engaged in specific activities (e.g. “playing house”), and displayed various characteristics 

(e.g. “enjoys rough and tumble play”) when the participant was a pre-school-aged child. 

Though this questionnaire is typically given to parents to describe the behavior of their 

young children, participants in this study were instructed to recall how they played at a 

young age. Participants responded on a 5-point likert scale: N= “never,” HE= “hardly 

ever,” S= “sometimes,” O= “often,” and VO= “very often.” Each item was scored from 1 

to 5, with higher scores indicating more masculine behavior and lower scores indicating 

more feminine behavior.  

 Sexual Attitudes. The Sociosexual Orientation Inventory (SOI; Simpson & 

Gangestad, 1991) contains three open-ended questions about an individual’s sexual 

history (e.g. number of one-night-stands) and four questions about sexual attitudes (e.g. 

“Sex without love is ok”) that provide a likert scale ranging from 1 “not at all” to 7 

“extremely” for responses. High scores on the SOI are indicative of a short-term (male-

typical) mating strategy and low scores suggest a long-term (female-typical) mating 

strategy. 
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 Sex-Linked Spatial Tasks. Participants completed two tasks that typically show 

males outperforming females. These tasks measure mental rotation and targeting abilities. 

 Mental rotation ability was tested using the Mental Rotations Test (MRT-A; 

Peters et al., 1995). This measure includes 24 items consisting of three-dimensional 

figures. For each item, there is a box containing a sample figure and four alternative 

boxes containing similar figures. Two of the alternative figures are rotated 

representations of the sample figure and two of the alternatives are different figures. The 

participant was instructed to choose the two figures that match the sample figure in each 

problem. Participants were given three minutes to complete the first 12 problems, 

followed by a 2-minute break and then another 3 minutes of testing for the second 12 

problems. The number of correctly completed problems and the percent correct out of the 

number of items attempted serve as the dependent variables. 

 To measure projectile-throwing ability (Watson & Kimura, 1991), a target was 

constructed using a 36-inch by 36-inch square of black felt, which was mounted on the 

wall. A circular target composed of white Velcro was placed in the center of the square, 

18 inches from each side. Five ping-pong balls were also covered in Velcro so that they 

would adhere to the target and the surrounding felt. Participants were allowed ten throws 

and were instructed to throw overhand and aim for the white circle. The dependent 

variable in this task is throw accuracy, which was measured as distance from the center of 

the bull’s eye for each throw and then averaged across all ten throws. Higher scores 

indicate greater distance from the center, and therefore worse targeting ability.  
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Procedure 

 Women who were not using hormonal contraceptives were asked to come in for a 

fifteen-minute introductory session before they began testing. During this session, 

participants signed the consent forms, learned about study procedures, provided 

information about their recent menstrual cycles and were instructed in the use of the 

ovulation detection kit. Men and women who were taking hormonal contraceptives 

attended only the two testing sessions and signed the consent forms upon arrival for their 

first testing session.  

At the beginning of each testing session participants who would provide a saliva 

sample were given a cup of water and instructed to rinse their mouth. In accordance with 

saliva collection guidelines, the first salivary sample was collected 10 minutes after this 

procedure. Participants then continued to complete the measures described above in the 

following order: 1) salivary samples questionnaire, 2) demographic questionnaire, 3) 

relationship status questionnaire, 4) vocabulary test, 5) PSAI, 6) targeting, 7) mental 

rotation, 8) second salivary sample, 9) BSRI, 10) SOI.  Following completion of the first 

experimental session, hands were measured and photocopied. The second testing session 

was identical to the first session, except that finger lengths were not measured and 

experimenters fully debriefed individuals at the end of the session.  Each session lasted 

approximately 1 hour. 
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RESULTS 

Participants’ Characteristics 

A total of 169 participants (55 men; 62 women taking oral contraceptives, 52 

women not taking oral contraceptives) participated in the present study, and 127 

participants (42 men; 45 women taking oral contraceptives, 40 women not taking oral 

contraceptives) completed the entire protocol. Groups were comparable in race, ethnicity, 

handedness, and in performance on the vocabulary test, a proxy measure of general 

intelligence, but there were some group differences observed for age and relationship 

status (see Table 1). 

Preliminary Analyses: Tests of Sex Differences in Hormones and Behavior 

Participants’ 2nd to 4th digit ratio on their right hand, a proxy measure of prenatal 

androgen levels, was lower in men (M = .9676, SD = .042) compared to women who 

were not using hormonal contraceptives (M = .9876, SD = .048) and women who were 

using hormonal contraceptives (M = .9965, SD = .036). The average for all women in the 

study, regardless of hormonal contraceptive use, is also higher than the average for men 

(M = .9923, SD = .042) (see Table 2). This difference among groups in digit ratio was 

statistically significant when all three groups were compared F(2, 124) = 5.785, p<.05, 

and when men were compared to all women F(2,124) = 10.195, p<.05.  
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Table 1.  Participants’ Demographic Characteristics 

 
 Males 

(n = 42) 
OC Users 
(n = 45) 

Non-OC Users 
(n = 40) 

Age, in years 
 

19.71 
(3.18) 

 

19.36  
(1.52) 

 

22.48  
(7.37) 

 

Ethnicity 
Hispanic/Latino 

Not Hispanic/Latino 
 

 
21.4% 
78.6 % 

 
6.7% 
93.3% 

 
22.5% 
77.5% 

Race 
American Indian/Alaskan Native 

Asian 
Native Hawaiian/Pacific Islander 

Black/African American 
White/Caucasian 

 
0% 

2.4% 
0% 
0% 

97.6% 

 
2.2% 
0% 
0% 

2.2% 
95.6% 

 

 
0% 

10.0% 
0% 

5.0% 
85.0% 

 

Relationship Status 
Single 

Casual dating 
Serious relationship 
Live with partner 

Engaged 
Married 

 

 
57.1% 

0% 
40.5% 
2.4% 
0% 
0% 

 

 
31.1% 
4.4% 
57.8% 
6.7% 
0% 
0% 

 
47.5% 
2.5% 
27.5% 
7.5% 
2.5% 
12.5% 

 

Average Length of Relationship, in 
months 

 

17.31 
(15.85) 

 

19.23 
(16.20) 

 

41.07 
(61.62) 

 

Handedness 
Left 
Right 

No Response 
 

 
7.1% 
92.9% 

0% 

 
6.7% 
88.9% 
4.4% 

 

 
2.5% 
97.5% 

0% 
 

Vocabulary 
Number Correct, Session 1 

 
 

Number Correct, Session 2 
 

 
23.95  
(7.87) 

 
27.45  
(8.07) 

 
23.60  
(7.26) 

 
27.91  
(7.35) 

 
24.35 
 (9.44) 

 
29.03  

(10.51) 
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Table 2.  Mean Scores (SD) on Hormonal Measures 
 

 
Means 

 
Measure 

 
Sex 

Difference? 
(Effect 
Size) 

 
Males vs. 
Non OC 

Difference? 
(Effect 
Size) 

 

Males 
(n = 42) 

OC 
Users 

(n = 45) 

Non OC 
Users  

(n = 40) 
 

Right 
2D:4D 

 

Yes*  
(d = 0.5846) 

Yes** 
(d = 0.4144) 

0.9676 
(0.0421) 

0.9965 
(0.0356) 

0.9876 
(0.0483) 

Digit Ratio 

Left  
2D:4D 
 

No 
(d = 0.2626) 

No 
(d = 0.1830) 

0.9822 
(0.0448) 

0.09955 
(0.0348) 

0.9895 
(0.0343) 

Salivary 
Testosterone 
(pg/mL) 

Average 
Testosterone 

Yes*** 
(d = 3.3406) 
(Males and 
Non OC 

Users only) 
 

Yes*** 
(d = 3.3406) 

149.69 
(30.23) 

N/A 63.38 
(20.52) 

 
Note. Saliva samples were not taken from OC users, so no data on their circulating testosterone levels was 
available for analysis; *p<.05 **p <.01 *** p < .001. 
 
 
 

A repeated measures ANOVA showed no significant change in testosterone levels 

from session 1 to session 2 for men, F(1, 41) = .005, ns, or women, F(1, 39) = .362, ns.  

Therefore, average testosterone levels were calculated and used as the measure of 

testosterone in the analyses of activational effects on behavior. For women not taking 

hormonal contraceptives, the expected difference between progesterone levels at the 

menstrual and mid-luteal phases was found, F(1, 39) = 36.12, p<.001. As a result, 

menstrual session progesterone levels and mid-luteal session progesterone levels are 

maintained as separate variables in the analyses of activational effects on behavior. As 

expected, men had significantly higher levels of circulating testosterone than women, 

F(1, 80) = 226.55, p < .001. Sex differences in progesterone levels were not determined 

as only the women’s saliva samples were analyzed for this hormone. As indicated earlier, 
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circulating hormone levels were not obtained from hormonal contraceptive users because 

synthetic steroid levels are not measured by the salivary assay. As a result, analyses of 

the activational effects of hormones on behavior included only the 42 men and 40 women 

who were not using synthetic hormones. 

 
 

Table 3.  Mean Scores (SD) on Measures of Spatial Ability and Gender Role Behavior  
 

Means 
 

 
 
 

Measure 
 

 
 

Sex 
Difference? 

(Effect 
Size) 

 

 
Males vs. 
Non OC 

Difference? 
(Effect 
Size) 

 

Males 
(n = 42) 

OC 
Users (n 

= 45) 

Non OC 
Users  

(n = 40) 

Mental 
Rotation 

Yes*** 
(d = 0.7855.) 

 

Yes*** 
(d = 0.8453) 

7.89 (2.90) 5.84 
(2.71) 

5.54 
(2.67) 

Spatial Task 
Performance 

Targeting Yes*** 
(d = 1.4120) 

 

Yes*** 
(d = 1.2739) 

5.96 (1.59) 8.86 
(2.14) 

8.42 
(2.21) 

Femininity Yes*** 
(d = 0.7567) 

 

Yes** 
(d = 0.7193) 

4.52  
(0.55) 

4.95 
(0.52) 

4.96 
(0.66) 

Masculinity Yes* 
(d = 0.4312) 

 

No 
(d = 0.2288) 

5.10 
(0.58) 

4.73 
(0.63) 

4.97 
(0.57) 

Gender Role 
Measures 

PSAI Yes*** 
(d = 2.9702) 

 

Yes*** 
(d = 2.3877) 

74.20 
(9.07) 

27.99 
(14.36) 

37.86 
(19.53) 

 
Note.  PSAI = Pre-School Activities Inventory; Mental Rotation = Score on the block figures items on the 
Mental Rotation Task; Targeting = Cumulative distance from the target for all ten throws on the projectile 
throwing task; Femininity = Score on the femininity scale of the Bem Sex Role Inventory; Masculinity = 
Score on the masculinity scale of the Bem Sex Role Inventory; PSAI = Pre-School Activities Inventory; 
*p < .05.  **p < .01.  ***p < .001. 
 
 
 

Table 3 presents the means and standard deviations for women and men on 

measures of spatial ability and gender role behavior. The analysis of spatial abilities 

showed the predicted pattern of group differences on the male-advantage tasks. Men 

performed better than the other two groups on the mental rotation problems F(2, 124) = 
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8.99, p <.01. Men also outperformed women on the targeting task, F(2, 124) = 25.93, p < 

.001. Participants’ gender role orientation was consistent with previous research findings. 

Men reported more male-typical play and personality characteristics on all gender 

identity and gender role measures: PSAI, F(2, 124) = 114.95, p < .001, BSRI femininity 

scale, F(2,124) = 7.82, p < .05, and BSRI masculinity scale, F(2, 124) = 4.29, p < .05. 

When the masculinity score for the men was compared to the two groups of women 

individually, there was a significant difference between the men and the women using 

hormonal contraceptives, F(1, 85) = 8.023, p < .01, but not between the men and the 

women who were not using hormonal contraceptives, F(1, 80) = 1.074, ns.  

Prenatal androgen exposure is thought to contribute to the development of sex-

typical behavior as well as physical sexual differentiation in human and nonhuman 

species. As such, it has been hypothesized that prenatal hormone levels could affect the 

development of between- and within-sex differences in various sex-linked behaviors (e.g. 

Hines et al., 2002). To consider the contribution of prenatal androgen levels to within-sex 

variability in behavior, high (more feminine) versus low (more masculine) right hand 

digit ratio groups within each sex were created by a median split (median among women 

= .9871, median among men = .9673). The resulting high digit ratio group consisted of 21 

men and 42 women (mean = 1.0178). The low digit ratio group consisted of 21 men and 

43 women (mean = .9511). Analyses of prenatal hormone effects on behavior were 

conducted using separate 3 x 2 MANOVAs, with group (men, women taking hormonal 

contraceptives, women not taking hormonal contraceptives) and the proxy measure of 

prenatal androgen levels, digit ratio (high, low), as grouping factors. 
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The main effect of digit ratio and the group by digit ratio interaction effects 

showed no support for the organizational effects of androgens on gender role behaviors 

or performance on spatial tasks. Correlations between digit ratio and sex-linked behavior 

produced only one statistically significant result. Across all participants, digit ratio was 

negatively related to PSAI score (r = -.212, p < .05). Although no other associations were 

statistically significant, several approached significance. In the study sample as a whole, 

a negative association was found between digit ratio and the SOI behavior scale (r = -

.155, p <.10), overall SOI score (r = -.161, p < .10), and distance from the target in the 

projectile throwing task (r = .158, p < .10).  

Bivariate correlations were conducted to examine previously reported associations 

between circulating hormone levels and spatial task performance, gender role behavior, 

and digit ratio. In men, testosterone level was positively associated with distance from the 

target on the projectile-throwing task (r = .436, p <.01). There were no significant 

correlations between testosterone and sex-linked behavior or abilities among women who 

were not taking hormonal contraceptives. However, a negative association between 

average testosterone level and average masculinity score on the BSRI approached 

significance (r = -.300, p <.10). No associations were found between progesterone levels 

and performance on spatial tasks or sex-linked behaviors in women and no relation was 

found between hormone levels and digit ratio in men, women or the sample as a whole. 
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The Replication and Extension of Previous Research on the Effects of Hormone Levels on 

Sexual Attitudes and Behaviors 

 The previously reported sex difference in overall SOI achieved statistical 

significance in this study, F(1,125) = 3.754, p = .05. As expected, women taking oral 

contraceptives reported more liberal sociosexual orientations, (M = 33.98, SD = 22.60), 

than women who were not taking hormonal contraceptives (M = 28.69, SD = 18.29), 

though this difference was not statistically significant (see Table 4). Since recent research 

has suggested that there are actually two separate dimensions being measured on the SOI 

(Webster & Bryan, 2007), analyses were also performed to determine group differences 

on the attitude and behavior subscales of the SOI. Sex differences in sexual attitudes, 

F(1,125) = 3.253, p = .074, and sexual behavior, F(1,125) = 2.963, p = .088, approached 

significance. In addition, women who were taking oral contraceptives reported less 

restricted sociosexual attitudes (M = 16.58, SD = 11.32) than women who were not taking 

hormonal contraceptives (M = 14.26, SD = 9.77). The same trend was observed for 

sociosexual behavior (OC users: M = 19.43, SD = 14.75; Non OC Users: M = 16.10, SD 

= 12.06), though neither the difference in attitudes, F(1,83) = 1.011, ns, nor the difference 

in behaviors, F(1, 83) = 1.281, ns, was statistically significant.  
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Table 4.  Mean Scores (SD) on Measures of Sexual Attitudes and Behavior 
 

Means 
 

Measure 
 
 
 
 
 
 

 
 

Sex 
Difference? 
(Effect Size) 

 
Males vs. 
Non OC 

Difference? 
(Effect 
Size) 

 

Males 
(n = 42) 

OC Users 
(n = 45) 

Non OC 
Users  

(n = 40) 

 
Effect  
Size 

SOI 
Attitude 

No 
(d = 0.3288) 

Yes* 
(d = 0.4470) 

19.38 
(12.89) 

16.58 
(11.32) 

14.26 
(9.77) 

partial η2 
= .032 

SOI 
Behavior  

No 
(d = 0.1866) 

Yes* 
(d = 0.4786) 

22.29 
(13.76) 

19.43 
(14.75) 

16.10 
(12.06) 

partial η2 
= .033 

Overall 
SOI  

No 
(d = 0.3569) 

Yes* 
(d = 0.5136) 

39.79 
(23.65) 

34.34 
(22.93) 

29.08 
(17.66) 

partial η2 
= .039 

Note. SOI Attitude = Average score on the attitude subscale of the SOI; SOI Behavior = Average score on 
the behavior subscale of the SOI; Overall SOI = Average total score on the SOI. 
 
 
 

There was a nonsignificant positive association between the BSRI masculinity 

scale score and overall SOI score among women who were not taking hormonal 

contraceptives (r = .257, p =.109). There was no relation between self-reported 

masculinity and sociosexual orientation among men (r = .049, ns) or women who were 

taking hormonal contraceptives (r = .044, ns). The current research did not replicate the 

correlation between digit ratio and total SOI score among females overall (r = -.079, ns) 

or within the hormonal contraceptive users (r = -.180, ns) or non-users (r = -.010, ns)  

that has previously been reported (Clark, 2004). Among men, the overall SOI score was 

negatively associated with right hand digit ratio, though this relation was not statistically 

significant (r = -.198, ns). A negative correlation that approached significance was also 

found between right hand digit ratio and the behavior subscale of the SOI for men, but 

not for women (r = -.268, p = .086). 
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This study failed to replicate previous findings that women taking hormonal 

contraceptives performed better on a test of mental rotation than women not taking 

hormonal contraceptives (Clark, 2004). There was no group difference in ability to 

mentally rotate block figures (OC users: M = 5.54, SD = 2.67, Non OC users: M = 5.84, 

SD = 2.711; t = -.525, ns, df = 83), and there was also no positive correlation between 

overall SOI score and mental rotation score in women when controlling for hormonal 

contraceptive use (r = -.085, ns). 

Based on previous research on variations in women’s sexuality across the 

menstrual cycle, this study examined the association between hormone levels and SOI 

score in women who were not using hormonal contraceptives. Progesterone was not 

significantly correlated with total SOI score, SOI attitude subscale score, or SOI behavior 

subscale score during either the mid-luteal or menstrual phase (all p’s >.10). Testosterone 

levels were also unrelated to sociosexual variables (all p’s >.10).  

Since one of the aims of this study was to investigate the effects of naturally 

circulating hormones throughout a woman’s menstrual cycle on sexual attitudes and 

behaviors, separate repeated-measures MANOVAs with cycle phase as a factor were 

conducted. No statistically significant effects were found across the menstrual cycle on 

any of the dependant variables in this study, but there was a nonsignificant trend for 

women to show less restricted sociosexual attitudes in the mid-luteal phase than in the 

menstrual phase of their cycle, F(1, 39) = 1.266, p = .267.  
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DISCUSSION 

Men and women in this study, who were comparable in race, ethnicity, 

handedness and a general measure of intelligence, showed the expected differences in 

behavior. Specifically, this study replicated previously reported sex differences in gender 

identity and gender role behavior (e.g. Hines, 2004b). When given a list of masculine, 

feminine, and neutral personality traits, men in this research endorsed more masculine 

traits and fewer feminine traits than did women. Women and men also differed in their 

retrospective recall of preferred childhood play and activities, such that men reported 

stronger preferences for rough or active types of play and for toys typically preferred by 

boys. Men were also more accurate than women in their performance of a widely used 

paper and pencil measure of mental rotation ability (Peters et al., 1995; Vandenberg & 

Kuse, 1978) and on a targeting task (Watson & Kimura, 1991), both of which typically 

show a large (d>.8) male advantage (Voyer, Voyer, & Bryden, 1995).  

In addition, the hormonal measures in this study were consistent with previous 

theory and research. Men had lower 2D:4D ratios than women, which supports the 

hypothesis that higher (more male-typical) androgen levels in prenatal life contribute to 

the development of smaller 2D:4D ratios (Manning et al., 2000; Lutchmaya et al., 2004). 

Similarly, salivary testosterone levels, a measure of circulating bioactive androgens, were 

predictably higher in men than in women.  

In sum, the pattern of behavioral traits and hormonal markers in women and men 

participating in this research was consistent with the general findings from research on 

hormones and sex-linked behavior. This data supports the representative nature of the 

sample used in this research.  
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Hormone-Behavior Relations 

 The 2D:4D ratio is viewed by some as a proxy measure of prenatal androgen 

levels (McIntyre, 2006). Research on individuals with endocrine disorders supports a role 

for prenatal androgens in the development of human sex differences (Cohen-Bendahan et 

al, 2005; Hines, 2002). However, no relation was found between digit ratios and sex-

linked behavior, including measures of spatial abilities that showed a large sex difference 

in performance, among women or men in this study. Circulating hormone levels were 

also generally unrelated to the expression of sex-linked behaviors in women and men. In 

fact, the associations between circulating hormones and behavior that approached 

significance in this research were largely inconsistent with the predictions of theories of 

hormone-behavior relations. For example, higher (more male-typical) testosterone levels 

in men were associated with poorer (more female-typical) targeting ability, at least as 

measured by the projectile-throwing task in this study. Further, a negative association 

between testosterone and self-reported masculinity in women indicates that women with 

higher levels of testosterone (more male-typical) report fewer masculine characteristics. 

However, in view of the large number of analyses in this research, it seems likely that 

these non-significant trends are spurious results. 

 The absence of the predicted associations between hormonal measures and sex-

linked cognitive abilities and personality traits in this research, although consistent with 

the results of other investigations (e.g. Alexander et al., 1998; Epting & Overman, 1998; 

Halari et al., 2005; Miles, Green, & Hines, 2006), may be viewed as a significant 

challenge to current theories of hormone-behavior relations. However, in light of the 

considerable animal research supporting hormonal influences on development (e.g. 
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Breedlove et al., 1999) and findings from research on endocrine disorders in human 

development (e.g. Hines, 2002), the inconsistencies across research investigations can be 

understood as a reflection of the variable influence of gender socialization (Ruble & 

Martin, 1998; Wallen, 1996) and measurement error (McIntyre, 2006) in research on 

hormones and human behavior. Further, the absence of associations between hormones 

and certain types of gender role behavior does not preclude findings of relations between 

hormonal factors and aspects of sexuality (e.g. Alexander et al., 1997), which appear 

more sensitive to hormonal influences in humans. 

Hormones and Sexual Attitudes 

 In contrast to research on personality and cognitive abilities, hormonal influences 

on human sexual behavior are well-established. Sexual motivation is reduced in men with 

androgen deficiency and restored following androgen replacement (Anderson et al., 1992; 

Davidson, Camargo, & Smith, 1979; Wang et al., 1996). A similar positive association 

between sexual motivation and androgens has been documented in women (Alexander & 

Sherwin, 1991; Sherwin et al., 1985). 

 Sociosexuality, a sex-linked trait that is considered to be a composite of attitudes 

about sexual relations outside of a committed relationship and participation in casual 

sexual behavior, is related to the other measures of sexuality (e.g. desire), but has 

received less attention from hormone-behavior researchers. A general finding in 

sociosexuality research is that men typically report a less restricted sociosexual 

orientation (i.e. more positive attitudes towards casual sexual behavior) than do women, 

though there is considerable variation within each sex (Hendrick et al., 1984). Previous 

research on the association between sociosexuality and hormone-behavior relations has 
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found that less restricted (more male-typical) sociosexual orientation is associated with 

other typically masculine traits and behaviors (e.g. Clark, 2004; Cunningham & Russell, 

2002), a relationship consistent with the general assumption of hormone-behavior theory 

that all sex-linked behaviors share common hormonal determinants (Breedlove et al., 

1999). 

 This study was based in part on findings that demonstrated an association between 

digit ratio, sociosexuality and mental rotation ability in women (Clark, 2004). In order to 

further investigate these effects, a pilot study was conducted to determine whether these 

effects could be replicated in both women and men. In the pilot study, 25 men and 25 

women completed measures of gender role (e.g. BSRI; Bem, 1974), sociosexual 

orientation (Simpson & Gangestad, 1991), and spatial ability (Mental Rotations Test, 

Peters et al., 1995). Left and right 2D:4D measurements were also taken in order to 

provide a proxy measure of prenatal androgen levels. The results demonstrated no 

associations among gender-linked traits in men. In women, more male-typical gender role 

orientation was associated with better spatial ability (BSRI and scores on the mental 

rotation task, r=.454, p<.05). However, contrary to the previous report (Clark, 2004) no 

relation was found between right 2D:4D and SOI score, and a significant positive 

correlation was found between left 2D:4D and SOI score in women (r=.629, p<.01), 

suggesting that more female-typical levels of androgens may be associated with more 

male-typical sexual attitudes, but that this correlation is not consistently related to either 

the left 2D:4D or the right 2D:4D. Though the predicted relation between 2D:4D ratio 

and sex-linked traits was not found, it is possible that this was the result of the relatively 

small sample size. The predicted significant relation between gender role identification 
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and mental rotation ability found in women supports hormone-behavior theory and 

suggests that there is some contribution of sex-linked biological factors on the 

development of various sexually dimorphic abilities and personality traits.  

The primary aim of this research was to expand on previous results indicating a 

relation between sexually dimorphic hormones and sex-linked behaviors, particularly 

sexual attitudes, by looking at additional behavioral dependent measures and by including 

circulating hormone levels along with 2D:4D ratios. Consistent with previous research, 

men in this study scored higher (less restricted) than women on a widely used 

questionnaire of overall sociosexual orientation, as well as on the attitude and behavior 

subscales of this measure, although these sex differences were not statistically significant. 

An examination of the relation between digit ratios, gender-typical personality traits, and 

sociosexual orientation showed that overall sociosexual orientation in women and men 

was generally unrelated to both digit ratio, the putative marker of prenatal androgens, and 

masculine gender role behavior. This result is inconsistent with the hypothesis that less 

restricted sociosexual attitudes reflect a more male-typical pattern of development across 

multiple domains. One exception to this result was the finding that men with lower (more 

male-typical) right hand digit ratios reported more liberal sociosexual behaviors (e.g. 

more one-night stands), a finding that suggests that hormonal factors in prenatal life may 

influence some aspects of this sex-linked sexual behavior, at least in men. Future research 

exploring the association between digit ratio and male sexual behavior could clarify the 

nature of the relation between prenatal androgens and sexuality.  

In women, the cyclic changes in hormonal levels across the menstrual cycle may 

contribute to difficulties in establishing hormone-behavior associations. Therefore, one of 
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the goals of this study was to investigate the effect of hormonal factors on sexual 

attitudes in women using and not using hormonal contraceptives. Compared to normally 

cycling women, women using hormonal contraceptives were more female-typical in their 

personality traits, yet reported marginally more positive (more male-typical) attitudes 

towards casual sexual activity, consistent with their use of a reliable contraceptive. 

Though prior research has demonstrated that women taking hormonal contraceptives 

outperform women not taking hormonal contraceptives on tests of mental rotation (Clark, 

2004), this study failed to replicate that result. 

In general, levels of sexual interest and frequencies of sexual fantasies increase at 

midcycle in normally cycling women but not in women using hormonal contraceptives 

(Alexander, Sherwin, Bancroft, & Davidson, 1990). For partnered women, this tendency 

for increased sexual motivation around periods of heightened fertility has been found to 

include more fantasies about someone other than their primary partner (Gangestad, 

Thornhill, & Garver, 2002), which suggests that women experience changes in their 

sexual attitudes at midcycle. This tendency may explain why women in our study not 

using oral contraceptives were inclined to report more liberal sociosexual attitudes (e.g. 

were more approving of sex without love) when they were in the mid-luteal phase of their 

menstrual cycle than when they were in the menstrual phase. 

Sexual activity, especially female-initiated sexual activity, has also been found to 

increase around ovulation relative to other phases of the cycle (for review, see Hedricks, 

1994). Both sexual activity with a partner and masturbation have been found to increase 

in frequency around ovulation and remain elevated until menses (Hedricks, 1994). The 

phase effect on self-stimulation has been found to be strongest among women who did 
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not live with their partners. These women reported more self-stimulation during the 

follicular and ovulatory phases of their cycle (Burleson, Trevathan, & Gregory, 2002), 

which is interesting because it distinguishes sexual desire related to one’s own hormone 

levels from sexual desire related to the availability of a partner. This variation in sexual 

activity and desire across the menstrual cycle has generally not been found, or has been 

found to a lesser degree, among women taking oral contraceptives, suggesting that 

hormonal contraceptive use suppresses the cyclical nature of female sexuality (Alexander 

et al., 1990). However, since participants in this research answered relatively general 

questions about sexual behavior (e.g. how many people have you had sexual intercourse 

with in the past year?), the present results showing a trend for increased positive attitudes 

towards casual sexual activity at midcycle may underestimate the changes in sexual 

desire and activity that occur across the menstrual cycle. It would be useful for future 

research to include more detailed measures to aid in the detection of changes in women’s 

sexual attitudes and behaviors across the menstrual cycle. 

Summary and Future Directions 

This investigation aimed to address a gap in the existing research on hormones 

and sexual attitudes by examining the association between hormonal factors and scores 

on the SOI in men and women using and not using hormonal contraceptives. The present 

sample was relatively large and the general finding that women and men differed 

predictably in measures of sex-linked behaviors supports its representative nature. In 

addition, women and men were tested on multiple occasions and provided multiple 

hormonal measures. Menstrual cycle phase effects were evaluated, controlling for any 

order effects. In view of these relative strengths, the failure to replicate previous findings 
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of a relation between 2D:4D ratio, sex-linked behaviors and SOI score (Clark, 2004) 

suggests that these effects may be much smaller than suggested by the previous report. 

One possible explanation for the failure to replicate previous findings of a relation 

between SOI score and other sex-linked behaviors is the relatively insensitive 

measurement of changes in sexual behavior across the menstrual cycle provided by the 

SOI. Another factor may be the composition of our group of participants. The 

participants in this study are, for the most part, fairly young college students. They were 

comparable to participants in many other studies of hormone-behavior relations, 

including the study by Clark (2004) on which parts of this investigation were based, but it 

is possible that they differ from the general population in important ways, such as a lack 

of sexual experience, that may have affected the results of this research. Future studies 

would benefit from drawing participants from a more heterogeneous population.  

In addition, increasing evidence suggests that self-report measures are not always 

sensitive to hormonally-influenced changes in abilities and behaviors. Recent findings on 

sexually dimorphic toy preferences in nonhuman primates suggest that there is an innate 

processing bias, influenced by sex-linked adaptive behaviors, that may lead members of 

each sex to process stimuli differently (Alexander, 2003). The preferences for these 

objects may point to a biological preparedness to relate to the world in a more 

“masculine” or “feminine” way, which is then increased and extended as an individual is 

influenced by gender socialization.  

Performance on sex-linked tasks, such as metal rotation tests, is usually assumed 

to reflect an individual’s ability to complete the problems. However, accuracy scores are 

also influenced by decision-making, which could involve an individual’s predisposition 
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to guessing, time constraints during problem solving, the participant’s socioeconomic 

status, and the presence of emotionally-relevant stimuli during problem-solving 

(Alexander & Son, 2007). As a result, it may be useful to investigate sex-linked abilities 

like the mental rotation of objects in ways that are not dependent on conscious decision-

making during the task. One such method is eye-tracking, in which patterns of eye 

movements have been found to distinguish between individuals who successfully 

complete mental rotation problems and those who do not (Grant & Spivey, 2003). This 

provides evidence that eye movements are an implicit measure of performance that 

allows for stronger inferences about cognitive function and the allocation of visual 

attention than standard percentage correct or reaction time measurements (Alexander & 

Son, 2007). Future research into the effects of prenatal androgens and postnatal sex 

hormones on sex-linked behavior, abilities and personality traits may benefit from the use 

of techniques such as eye tracking, which can tap into processing biases that may not be 

apparent from self-report measures and accuracy data. 
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CONCLUSIONS 

The findings of this study replicated many of the expected sex differences in traits 

and behaviors that are commonly found in research on human sex differences. Though 

this study found no association between pre- or postnatal hormone levels and 

performance on the sex-linked tasks, it is possible that the dependent measures were not 

sufficiently sensitive or that the results were affected by a moderating variable, such as 

gender socialization. Though hormonal measures were generally unrelated to sex-linked 

variables, this study provided the first evidence that prenatal hormone levels, as measured 

by the 2D:4D ratio, may be related to sociosexual orientation in men. Additionally, the 

tendency for women in this study who were not using hormonal contraceptives to report 

less restricted sociosexual attitudes during the mid-luteal phase than the menstrual phase 

of their cycle suggests that circulating hormone levels may influence sociosexual 

orientation in women.  
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