
 

 

 University of Groningen

Two sides to every story
Beking, Tess

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Beking, T. (2018). Two sides to every story: Sex hormones, brain lateralization and gender development.
[Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/0dfc134e-d24d-4a0a-80c2-77d49c833ecc


CHAPTER 6

SEX HORMONES AND  
GENDER DEVELOPMENT
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ABSTRACT

Sexual differentiation in mammals is mediated by differential exposure to gonadal hormones 
both in prenatal and postnatal development. However, in humans the potential effect of early 
exposure to gonadal hormones and its interaction with later exposure on gender development 
is not completely clear. In the present study we have collected longitudinal behavioural and 
hormonal data in children whose prenatal sex hormone levels were determined in amniotic 
fluid. Gender-typed toy preference was assessed at 3 time points from 1 to 6 years of age, and 
gender development and steroid hormone levels in saliva at 15 years of age. We found that: 1) 
both prenatal testosterone and estradiol predict relative masculine toy preference in girls, but 
not in boys, at the age of 6.5 years; 2) prenatal and pubertal estradiol interact in predicting 
feminine gender role at puberty in girls: estradiol in puberty is related to more feminine 
gender role in girls with low prenatal estradiol levels; and 3) gender-specific toy preference 
does not predict gender development in adolescence. We found no clear evidence for a 
masculinizing role of testosterone. Rather, estradiol seems to play a complex role in gender 
development depending on sex and age. We conclude that in typical human development 
prenatal and pubertal sex hormones only weakly predict various aspects of gender-typical 
behaviour in a sex- and age-specific manner.

HIGHLIGHTS

• Effects prenatal testosterone and estradiol on toy preference only
found in girls at 6.5y; not before and not in boys.

• Prenatal and pubertal estradiol interact in predicting gender role in girls at 15y.

• Prenatal and pubertal estradiol interact predicting gender expression in boys at 15y.

• Toy preference in early childhood does not predict gender development in adolescence.
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INTRODUCTION

Sexual differentiation of, brain and behaviour in mammals is influenced by differential exposure to 
gonadal hormones both in prenatal and postnatal development. In humans, gender differences in 
behaviour and interests emerge as early as 9 months after birth and usually become apparent in early 
childhood (O’Brien & Huston, 1985; Campbell et al., 2000), for example in toy preferences. The 
meta-analysis by Todd et al. (2018) shows consistent sex differences for male-typed and female typed-
toys with effect sizes of 1.03 and .91 respectively. Toy preference and early gender role behaviour are 
generally seen as a precursor of gender development in puberty. In children of 3 to 8 years, boys 
prefer pictures of masculine toys, and girls prefer pictures of feminine toys (Ward, 1968). These 
preferences develop during childhood. For example, interest in feminine toys decreased in both 
girls and boys when they grew older (from 1 to 5 years, Servin et al., 1999) and boys play more with 
masculine toys relative to feminine toys as they grow older (Todd et al., 2017). Interestingly, there 
is evidence that children and rhesus monkeys show similar sex differences in preferences for plush 
(feminine preference) and wheeled toys (masculine preference) (Hassett, Siebert & Wallen, 2008). 
Such cross-species differences indicate that gender specific toy preferences are not solely caused by 
external socializing processes but suggests basic neurobiological differences between males and 
females driven by differential exposure to sex hormones during (prenatal) development. 

Sexual differentiation of the human brain is subject to the organizing effects of sex hormones, both 
androgens and estrogens (Wallen & Baum, 2002; Hines et al., 2015; Berenbaum, 2018) during 
sensitive periods, such as prenatally between 14 and 18 weeks of gestation, postnatally up to 6 months 
(Hines et al., 2015; Lamminmäki et al., 2012) and during puberty (Sisk & Zehr, 2005; Hines, 2011). 
Specifically, prenatal testosterone has a masculinizing effect on the brain and behaviour in boys 
and girls, whereas female-typical behaviour occurs in the absence of this hormone (Hines et al., 
2015). But apart from prenatal or perinatal sensitive phases, there is increasing evidence that also 
puberty is an important phase for sexual differentiation. During this period not only the secondary 
sex characteristics develop driven by hormonal change, but also sexual orientation, gender identity, 
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gender expression and gender role go through a transitional phase (Hines, 2011). Sex hormones 
may have different effects on gender development at different ages, and hormone exposure in the 
prenatal phase may interact with the exposure in puberty. In the present longitudinal study, we 
address gender development in the first six years of life and in puberty, and its relations with prenatal 
and pubertal sex hormones.

INFLUENCE OF SEX HORMONES ON GENDER  
SPECIFIC TOY PREFERENCES IN CHILDREN

Given that there are clear differences in gender-typical play behaviour between boys and girls, a 
number of studies investigated the influence of sex hormones on toy preferences. Atypical exposure 
to androgen concentrations in utero is associated with juvenile masculine play (for a review see 
Hines et al., 2015). For example, girls with congenital adrenal hyperplasia (CAH), being exposed 
to unusual elevated androgen levels prenatally, show masculine patterns of toy preference despite 
being raised as girls (Berenbaum & Hines, 1992). However, such cases may not represent typical 
development.

Indeed, findings are inconsistent for typical exposure to prenatal amniotic fluid levels. Three 
studies investigated the relation between sex hormones measured in amniotic fluid and early gender-
typical play behaviour. Van de Beek and colleagues (2009), by directly observing duration of play 
with masculine, feminine and neutral toys, found no relationship between toy preferences at 13 
months of age and prenatal testosterone and estradiol levels in amniotic fluid; however, in boys 
progesterone level was positively related to masculine toy preference. Knickmeyer et al. (2005) used 
the Children’s Play Questionnaire (CPQ) with 10 masculine items, 10 feminine items and 8 neutral 
items completed by the mothers. They did not find a relation between prenatal testosterone or 
estrogen and toy or play preferences at 5 years of age. In contrast, Auyeung et al. (2009), reported 
that prenatal testosterone predicts male-typical play both in boys and in girls from 6 to 10 years of 
age, using the parent reported Pre-School Activities Inventory (PSAI), a scale for the assessment 
of gender role behaviour in young children. The questions of the PSAI address sex-typed play 
with toys (e.g. dolls, cars), engagement in activities (e.g. ballgames, playing at cooking) and child 
characteristics (e.g. interest in snakes/spiders/insects, liking pretty things). 

Lamminmäki and colleagues (2012) used postnatal urine sampling from 7 days to 6 months after 
birth as a measure of testosterone exposure and assessed sex-typed behaviour using the PSAI and 
observation of preferential play with masculine, feminine and neutral toys at 14 months. Postnatal 
testosterone exposure was positively correlated to PSAI sex-typed behaviour and negatively 
correlated to play with a feminine toy (baby doll) in boys but not in girls, and positively correlated 
with play with a masculine toy (train) in girls but not in boys. However, preferences for one of 
the neutral and one of the masculine toys (soft doll and truck respectively) were also negatively 
correlated to testosterone exposure in boys. Other masculine or feminine stereotyped toys were not 
related to testosterone exposure. 

Thus, the relation between early exposure to sex hormones and early toy preference as a marker for 
gender development is all but clear and may be age-dependent. 
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THE INFLUENCE OF PUBERTAL SEX HORMONES ON  
SEXUAL ORIENTATION AND GENDER DEVELOPMENT

Puberty is characterized by marked sex differences in sexual orientation, gender identity and gender 
role (Hines, 2011; Berenbaum & Beltz, 2011), driven by a substantial change in gonadal hormone 
levels (Ober, Loisel & Gilad, 2008). Literature suggests that estradiol and testosterone in puberty 
have different effects on structural development of the brain in girls and boys in puberty (see mini-
review of Peper et al.,2011). The classic view of sexual differentiation of the brain and behaviour 
in mammals, including humans, is that genetic sex differences cause changes of gonadal hormone 
levels such as testosterone that induce major changes in gender-typical behaviour (for environmental 
influences see the review by McCarthy & Arnold,2011). There is tentative evidence to suggest that 
puberty might play an important role in some aspects of development of brain and cognition, and 
gender development - testosterone and estrogens being associated with gray matter density and 
volume in a sex-specific way (Blakemore et al., 2010). Furthermore, there is converging evidence 
that puberty may be a sensitive period for organizing effects on brain and behaviour (see Sisk & 
Zehr, 2005 for a review; Neufang et al., 2009), but the influence of pubertal hormones on gender 
development appears to be weaker than that of prenatal hormones (Berenbaum & Beltz, 2011). 
However, experimental research in rodents suggests that the hormonal changes of puberty produce 
an additional wave of neural and behavioural organization (Schulz et al., 2009).

In their review Hines et al. (2015) mention that atypical exposure to androgens prenatally, i.e. 
due to genetic conditions such as congenital adrenal hyperplasia (CAH) or the use of androgenic 
hormones during pregnancy by the mothers, is not only associated with increased male-typical 
juvenile play behaviour, but also with alterations in gender identity and sexual orientation in 
puberty. For example, the prevalence of homosexual orientation and gender dysphoria is greater in 
girls with CAH than in typically developing children. The typical effects of prenatal hormones on 
gender development in humans, and how this interacts with pubertal hormone levels, are currently 
unknown. Recently an interaction effect between prenatal and pubertal testosterone was found on 
several lateralized cognitive tasks (Beking et al., 2018). 

THE ASSOCIATION BETWEEN EARLY GENDER ROLE BEHAVIOUR 
AND GENDER DEVELOPMENT AT PUBERTY

Golombok et al. (2012) used the PSAI to assess gender role behaviour of 3y old children and 
reassessed them with the Multidimensional Gender Identity Scale at age 13. Gender role behaviour 
of preschool children appeared to be a good indicator of their gender identity following the 
transition to adolescence. Girls who were more masculine at age 3 were less content being a girl and 
had greater self-efficacy for male-typed activities at age 13. And boys who were more feminine at age 
3 felt less similar to other boys and had lower self-efficacy for male-typed activities at age 13. Early 
gender role behaviour as reported by the mother for their child aged 4to 11 years even predicted 
sexual orientation 24 years later (Steensma et al., 2013).
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AIM OF THE PRESENT STUDY

The aim of the present study is to increase our understanding of gender development and the role of 
sex hormones therein. The specific research questions of the present longitudinal study are: 

1. Do prenatal sex hormones predict gender-related toy 
preferences at 13 months, 2.5 and 6.5 years? 

2. Do prenatal and pubertal sex hormone levels predict sexual orientation, 
gender role and gender expression at 15 years of age? 

3. Do early gender-related toy preferences at 13 months, 2.5 and 6.5 years of age 
predict sexual orientation, gender role and gender expression at 15 years of age?

The prenatal hormones testosterone, estradiol and progesterone and the pubertal hormones 
testosterone and estradiol were included in the study based on the above cited literature. Prenatal 
hormone data were collected at 14 to 18 weeks gestational age (Van de Beek et al., 2004), toy preference 
data at 13 month, 2.5 years and 6 years, and pubertal hormone data and gender development data 
at 15 years. The data at 13 months have been reported earlier by Van de Beek and colleagues (2009), 
but not in a longitudinal context. 

METHOD

PARTICIPANTS

Participants were children from the original study (n=179) of which 24 were excluded according to 
selection criteria applied by Van de Beek and colleagues (see Van de Beek et al., 2004, pp 664-5). Their 
mothers became pregnant in the natural way and underwent amniocentesis in the 14-18th week  
of gestation because of prenatal diagnostic screening for women over 35 years, or because of risk 
factors in their medical history (n=7; age 29-35 years). The children were born from uncomplicated 
pregnancies. Van de Beek et al. excluded four twin pairs, but we saw no reason to do so in the 
present study. One twin pair was willing to participate and these two children were added to the 
sample of Van de Beek et al., 2004. Thus, our sample size was 157. 
There were 4 waves of further data collection: at the ages of 13 months, 2.5 years, 6 years and 15 
years. The number of participants varied – 29 children participated at all 4 time points. For an 
overview of participation, see Figure 1.

Ethical clearance complied with national legislation and the Declaration of Helsinki. Ethical 
clearance and informed consent for the prospective longitudinal study were given as reported in 
(Van de Beek et al., 2004; 2009). For each child up to the age of 7 years at least one of the parents gave 
written informed consent for each study they and their child participated in. For the last follow-up 
at 15 years of age the local ethical committee of the Department of Psychology of the University 
of Groningen approved (ppo-013-120). The adolescents and their parents received a letter with 
information, and the adolescents gave their written informed consent.
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participated at
13 mos: n = 89

participated at
13 mos: n = 54
2.5 ys: n = 47
6.5 ys: n = 44

participated at
13 mos: n = 59
2.5 ys: n = 53

14-18 weeks 
of gestation

n = 157

13 months
n = 134  

2.5 years
n = 97

15 years
n = 61

6.5 years
n = 66

n = 134  n = 74 n = 49 n = 29  

Figure 1  The number of participants at each time point. Above the black arrows: the number 
of participants that participated at all previous time points. In the white boxes: the number of 
participants at that time point that also participated at one or more earlier time points. Note: 
the 13 months sample participated in the study of van de Beek et al. (2009); the 6.5 years 
sample participated in the studies of Lust et al. (2010, 2011), the 15 years sample participated 
in the study of Beking et al. (2018).

HORMONE ASSESSMENT IN AMNIOTIC FLUID AND SALIVA

For the participants in the current study, amniotic fluid samples were collected between week 
15.3 and 18.2 of pregnancy (M=16.4 weeks, SD=.48). Prenatal testosterone (pT) was determined 
in amniotic fluid according to Van de Beek (2004). Briefly, radio-immunoassay was used after 
extraction with diethylether. Interassay coefficient of variation was 8.8% at a testosterone level of 
0.75 nmol/L and 9.4% at a level of 2.55 nmol/L. Total estradiol (E) and progesterone in amniotic 
fluid were determined using Axsym (Abbott, IL). Interassay variation was 5.1% at 1060 pmol/L for 
estradiol and 5.0% at 18 nmol/L for progesterone. 

Saliva was collected from the 15y old participants (see Beking et al., 2018). Participants produced 4 
ml of saliva by passive drooling through a polypropylene straw collected in a salivette (Sarstedt, REF 
51.1534, neutral). Testosterone in saliva was analyzed by isotope dilution liquid chromatography 
tandem mass spectrometry (LC-MS/MS). Imprecision at 0.13 nmol/L was 3.1% (repeatedly 
measured at 14 days). Lower limit of quantification for testosterone was 0.01 nmol/L. Twenty out 
of 30 girls had pubertal testosterone levels below the lower limit of quantification. Testosterone 
levels of the males were within the range of the reference values from a sample of thirty 16-60 year 
old males, as reported by Bui and colleagues (2013).

We did not include pubertal progesterone levels the analyses these were below the detection 
threshold of .01 nmol/L in 91% of participants. 

Estradiol was measured in the saliva samples by liquid chromatographic tandem mass spectrometric 
method (LC-MS/MS) using an AB Sciex 5500 triple-quadrupole mass spectrometer (AB Sciex, 
Toronto Canada) with ESI in negative ion mode. 17beta estradiol (E2) was obtained from Sigma–
Aldrich, and 17beta estradiol-d4 (d4-E2) from CDN Isotopes, Inc. All standards and internal 
standards were dissolved in methanol. Saliva was centrifuged prior to analysis. 500 uL of saliva (1mL 
if available) was extracted with 2.5 mL of 9:1 hexane-ethylacetate mixture 25 uL E2-d4 (10 ng/mL  
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in methanol (37 nmol/L)). After mixing for 3 min, samples were frozen and decanted with 
supernatant collection, dried, washed with 0.5 mL of 9:1 hexane-ethylacetate and dried again to 
be reconstituted in a final solution of 125uL methanol of which 100uL are injected. The liquid 
chromatography system for 2D-LC operation consisted of a Supelco Supelguard LC-8- DB (3.0 
mm × 20 mm) trapping column (Supelco, St. Louis, MO, USA) coupled to a second dimension on 
a reverse-phase C8 analytical column (Supelco LC-8-DB, 3.3 cm × 2.1 mm, 3 um particle size) as 
previously described (Fiers et al., 2012). Lower limit of quantification was 0.3 pg/mL (1.10 pmol/L). 
Thirteen boys and four girls had values below threshold; their pubE-values were set to .1 pmol/L. 
An intra-assay (n=7) coefficient of variation of 12.7% was observed at 0.5 pg/mL (1.47 pmol/L) 
and 2.3% at 13.7 pg/mL (50.3 pmol/L). The inter-assay CV at 2.9 pg/mL (10.7 pmol/L) was 8.3%.
Spiking experiments of saliva with 10 pg standard solution yielded good recoveries between 95% 
and 108 % (n=7). 

Prenatal and pubertal testosterone and estradiol levels differ in magnitude because they were 
assessed in different types of samples (amniotic fluid or saliva) and with a different technique 
(radioimmunoassay or LC-MS/MS). 

MEASUREMENT OF TOY PREFERENCE AT 13 MONTHS, 2.5 YEARS AND 6.5 YEARS 

Toy preferences were measured following the procedure of Van de Beek et al. (2009). Parent and 
child were welcomed in a quiet room to which they accustomed for some time. The test assistant 
then arranged a semicircle of 9 different toys on the floor: 3 were typically attractive to females (tea 
set, soft doll in cradle, doll with beauty set), 3 were typically attractive to boys (trailer with 4 cars, 
garbage truck, set of technical tools such as a hammer) and 3 were neutral toys (dog, wooden puzzle, 
stacking pole with rings). The toys were arranged in a fixed order from left to right: tea set, dog, 
trailer, doll in cradle, rings, garbage truck, doll with beauty set, puzzle, tools.

For the six year old children some items were replaced to match their interest: the dog was replaced 
by a colouring book with crayons; the stacking pole with rings by a picture viewer; the wooden 
puzzle by a deck of cards. In six cases the truck was replaced by two transformer figures, since the 
truck got lost. The toys were previously classified by parents and non-parents as being masculine, 
feminine or neutral (Berenbaum & Snyder, 1995; Servin et al., 1999).

The parent was asked to place the child on the floor in the center of the semicircle, and to take a seat 
in the corner of the room. Play behaviour was recorded on video for 7 minutes, starting from the first 
touch of a toy. If the play was interrupted for more than 30s, e.g. due to crying or seeking comfort 
of the parent, the time off play was added to the recording time. This way nearly all recordings 
covered 7 minutes of play time. The parent was instructed to let the child play on its own, and only 
give neutral verbal reactions if the child asked for attention, avoid naming the objects or guide the 
child in its actions.

Video observers recorded the time the child started and stopped playing with a specific toy, defined 
as the period from first to last touch. Play included looking at, pointing at, and crawling behind the 
moving toy. If the child played with several toys simultaneously, contact time was measured for each 
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toy separately. For each toy category (masculine, feminine, neutral) the total contact time over the 
effective observation period of 7 minutes was determined and expressed as a percentage. Gender-
typed toy preference = %boytoy / (%boytoy + %girltoy), with %boytoy being the relative duration 
of play with masculine toys (relative to total play duration with any toy) and %girltoy the relative 
duration of play with feminine toys. The individual interest in gender-typical toys was calculated as 
100% - %neutraltoy, with %neutraltoy being the relative duration of play with neutral toys.

At 13 months of age, two boys were excluded from the analyses, one playing less than 10% of the 
time and one playing with too many toys at the same time (Van de Beek, 2009). At 2.5 years of age, 
the data of one girl was lost due to technical problems. At 6 years, 3 boys and 1 girl were excluded 
because they played less than 50% of the playtime. Figure 1 shows the number of children included 
in the analyses at the 3 ages. 

Reliability of play duration from video observation

The videos were scored by trained observers who were blind to the hormone levels in amniotic 
fluid. At 13 months, Van de Beek and colleagues (2009) report high inter-rater reliability: Kendall’s 
tau correlations ranged from .95 to 1.00 for masculine play, from .94 to .99 for feminine play, and 
from .99 to 1.00 for neutral play. At 2.5 years, the inter-rater reliability was high as well; Kendall’s 
Tau correlation was 1.00 for masculine play, ranged from .89 to .93 for feminine play and was .99 
for neutral play. At 6 years, inter-rater agreement was 83% for each of the toy categories, based 
on 3 observers who independently scored 6 videos. Agreement between observers was defined as 
difference in contact time less than 4.2 s (1% of the 7 minutes effective observation time) per play 
action.

MEASUREMENT OF GENDER DEVELOPMENT AT 15 YEARS OF AGE

Measures of sexual orientation, gender identity, gender expression and gender role were derived 
using the questionnaires reported in Appendix A. 

SEXUAL ORIENTATION was derived from the responses to the three questions: a) having a 
boyfriend or girlfriend, b) sex of the person to fall in love with, and c) gender-related sexual fantasies. 
Each of the three questions contributed to the sexual orientation score with equal weight. This 
score was ordinal and scaled between 1 (oriented towards boys) and 2 (oriented towards girls).

GENDER IDENTITY, the experienced gender, was equal to the sex assigned at birth in all 
participants. Therefore, this measure will not be further analyzed.

GENDER EXPRESSION, is the self-rating of how boyish and how girlish one is, each indicated 
on a scale from 0 to 10. Participants marked their position on both scales. From this the score was 
derived as (boyish – girlish) with a range of -10 (very girlish) to +10 (very boyish).

GENDER ROLE, the assessment of gender related behaviour. This score is based on the sex ratio of 
friends and the ratio of female / (female + male) preferences from a set of eight gender- or neutral-
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typed activities, such as “I like rough activities”, “I like make-up”, “I like reading”, as marked on a 
scale from 0 to 100. The activities appropriate for children of about 15 years of age were selected 
from a translated version (Callens et al., 2016) of an activity list designed by Hines et al. (2003). 
The two ratios are equally weighted. Resulting scores ranges from 0 (preference for male not female 
activities) to 1 (preference for female not male activities). 

See Appendix A for the formulae used for scaling and how a single measure was derived for each.

STATISTICAL ANALYSES

Means and confidence intervals per sex and age were calculated for the masculine-feminine toy 
preference ratio (mf-ratio) and the percentage interest in gender-typed toys (100% minus percentage 
play duration neutral toys) (mf-interest). For further analyses the latter was square root transformed 
to obtain a normal distribution. 

For research question 1, a linear mixed model with repeated measures (age: 13m, 2.5y, 6.5y) was used 
with subject as a random factor, and age (ordinal), prenatal testosterone (pT), estradiol (pE) and 
progesterone (pP) as fixed factors (the latter three as covariates), including intercepts. The dependent 
variable was the gender-typed toy preference. Correlations between sex and prenatal hormones 
were low except for prenatal testosterone (Spearman r=.74, n=157); therefore separate analyses were 
performed for boys and girls. The model included the main effects and the three interactions of age 
and the three prenatal hormones. A backward procedure was used removing interactions and main 
factors with p>.1, provided these were not part of higher order significant interactions and only 
when the model fit improved according to Akaike’s information criterion (AIC). The residuals were 
normally distributed. Post-hoc analysis were performed in case of interactions.

For research question 2, we used ordinal regression analysis for sexual orientation and ANOVA’s 
for gender expression and gender role as the distribution of these two latter dependent variables 
approached a normal distribution. The data were analyzed per sex with a model with the 5 hormone 
variables (pT, pE, pP, pubT, pubE) and pT by pubT and pE by pubE interactions as covariates. 
Correlations between these hormones were below .43 in boys and below .34 in girls – low enough 
to avoid multicollinearity. We applied a backward procedure removing interactions and covariates 
with p>.1 provided these were not part of an interaction still in the model. Post-hoc, the robustness 
of the outcome was tested by excluding a single extreme pubE value. Additionally, because the range 
of the pubertal hormone levels is very different for testosterone and estradiol the analyses with a 
model that included both hormones may be less reliable. Therefore, we repeated the analyses per 
hormone, which we do not further report as this yielded identical results. 

For research question 3, ordinal regression analysis was used for sexual orientation to test the predictive 
value of gender-typed toy preference ratio, and ANOVA for gender expression and gender role per sex. 
Because a minority of subjects participated at all four ages, these analyses were run separately per age.
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RESULTS

DEVELOPMENT OF TOY PREFERENCES IN BOYS AND GIRLS

First, we present the data on the sex difference and the development of gender-specific toy preferences 
and interest in the first six years of life. From the confidence intervals (see Figure 2) it is clear that 
there is a sex difference for gender-typed toy preference, but not for gender-typical toys interest. 
Boys increasingly preferred masculine toys over feminine toys and lost their interest for feminine 
toys almost completely over time. Girls preferred girl-toys most at the younger ages, but at 6.5 years 
girls were more interested in the neutral toys. The sex-typed toy preference increases with age both 
in boys and hardly in girls (sex by age interaction F(2,102)=8.41, p<.001). Interest in gender-typed 
toys decreases at 6.5 years of age (Figure 2).

The distributions of sexual orientation, gender expression and gender role scores – all showing clear 
sex differences – are presented in Appendix B. 
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Figure 2   Development of gender-typed toy preference and interest in boys and girls. Left 
panel: masculine / (masculine +feminine) ratio. In boys, preference for masculine toys over 
feminine toys increased with age, whereas females show a slight preference for feminine toys. 
This sex difference was already present at 13 months of age. Right panel: Interest for gender-
typed toys does not differ between boys and girls at age 13 months and 2.5 years. At 6.5 years, 
girls seem to lose interest. Error bars indicate 95% confidence intervals.



Chapter 6

128

DO PRENATAL HORMONE LEVELS PREDICT TOY PREFERENCES?

In girls, the full model showed three significant predictors of gender-typed toy preference. These 
predictors remained significant in the final model: pE, age by pE, and age by pT (see Table 1). 
Prenatal progesterone was not a significant predictor. The age by pT interaction is depicted in Figure 
3. At 13 months and 2.5 years the explained variances are low (R²<.025); at 6.5 years the negative 
relation (R²=.15) indicates that at this age increasing prenatal testosterone is associated with more 
feminine toy preference. Figure 4 shows the age by pE interaction. Again, the R2 are low (<.045) at 
13 months and 2.5 years, whereas at 6.5 years of age the positive relation (R²=.17), indicates that 
increasing prenatal estradiol is associated with stronger masculine toy preference. Post-hoc analyses 
per age confirm that at the age of 6.5 years in girls both pT (t(24)=-2.16, p=.041) and pE (t(24)=3.11, 
p=.005) predict toy preference.

In boys, the initial model had no significant predictors. The final model had a marginal significant 
age by pE interaction (p=.092), with non-significant main effects of age and pE. Further backward 
removal of pE and the age by pE interaction led to a model with age as the single predictor of gender-
typed toy preference (p<.001) and the lowest AIC.

Table 1   Prediction of gender-typed toy preference from prenatal testosterone and estradiol 
levels in girls. Final model fixed effects after backward procedure are presented.

Girls       df       F    p

age 2,39.5 1,7 .194

prenatal testosterone (pT) 1,35.5 1,7 .199

prenatal estradiol (pE) 1,40.0 7,9 .008

age * pT 2,36.4 3,3 .047

age * pE 2,37.7 4,8 .014
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Figure 3  Effect of prenatal testosterone on toy preference by age in girls. Positive values 
reflect a masculine preference and negative values a feminine preference. Only for 6.5y-old 
girls, higher testosterone levels is associated with a shift of relative preference towards feminine 
toys (R²=.15).
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Figure 4  Effect of prenatal estradiol on toy preference by age in girls. Positive values reflect 
a masculine toy preference and negative values a feminine toy preference. For 6.5-year old 
girls, increased levels of estradiol are associated with a shift of relative preference towards 
masculine toys (R²=.17).
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DO PRENATAL AND PUBERTAL HORMONES PREDICT SEXUAL ORIENTATION, 
GENDER EXPRESSION AND GENDER ROLE AT 15 YEARS? 

Sexual orientation

Sexual orientation could not be analyzed in boys as they were all gynephylic (attracted to girls). 
Most girls were androphylic (attracted to boys), but five girls tended to have some sexual interest in 
their own sex. Ordinal regression analyses showed that none of the prenatal and pubertal hormones 
predicted sexual orientation in girls (all p>.45). 

Gender expression

In boys, the final model showed that the interaction of prenatal and pubertal estradiol predicted 
gender expression, see Table 2. 

Table 2   Prediction of gender expression from prenatal and pubertal testosterone and estradiol 
levels in boys. Final model after backward procedure.

Boys B  df F partial η2 p-value

Corrected Model 3,23 4.31 .360 .015

prenatal estradiol (pE) .003 1,26 3.05 .117 .094

pubertal estradiol (pubE)  21.60 1,26 5.99 .206 .022

pE * pubE -.023 1,26 9.01 .281 .006

To visualize this effect, we plotted the residuals of the model without the interaction against 
pubertal estradiol levels in saliva for split-half low and high pE subgroups (Figure 5). In the low pE 
group, higher pubE levels are associated with a more masculine gender expression (R²=.29), whereas 
in the high pE group, the gender expression tends to be less masculine with increasing pubertal 
estradiol. However, when the rightmost pubE value as a potential outlier is excluded (although it is a 
biologically valid data point within the normal range of female values), the model is not significant 
anymore.

Gender expression was not predicted by prenatal and pubertal hormones in girls.
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Figure 5  The interaction between prenatal and pubertal estradiol on gender expression in 
boys. Positive values reflect a masculine gender expression and negative values a feminine 
gender expression. The figure shows the relation between pubertal estradiol and gender 
expression for the low and the high prenatal estradiol subgroups (split-half).

Gender role 

Prenatal hormones did not predict gender role behaviour in boys (n=32, model p=.78, all hormones 
p>.40). In girls (n=30), pubertal estradiol was found to interact with prenatal estradiol affecting 
gender role (F(1,27)=5.69, p=.025, η²=.192) (see Table 3). This interaction is displayed in Figure 6 by 
means of subgroups of low and high pE split-half values. There is a positive relation between pubE 
and gender role score in the low pE subgroup (R²=.074) in girls, indicating a more female gender 
role. The interaction and main effects only slightly change when the highest pubE value (see Figure 
6) is excluded, but the model becomes less significant (p=.098, η²=.235).

Table 3  Gender role is predicted by prenatal and pubertal estradiol their interaction. Final 
model for girls after backward procedure.

Girls B  df F partial η2 p-value

Corrected Model 3,27 3.0 .272 .051

pE (prenatal estradiol) .00014 1,27 3.8 .137 .063

pubE (pubertal estradiol) .392 1,27 7.2 .230 .013

pE x pubE -.00032 1,27 5.7 .192 .025
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Figure 6  Relation between pubertal estradiol and gender role for low and high prenatal 
estradiol subgroups (split-half) in girls. Positive values reflect a feminine gender role and 
negative values a masculine gender role. In the low prenatal estradiol subgroup, higher 
pubertal estradiol levels are associated with a more feminine gender role.

DO EARLY GENDER-RELATED TOY PREFERENCES PREDICT SEXUAL 
ORIENTATION, GENDER EXPRESSION AND GENDER ROLE AT PUBERTY?

Again, sexual orientation in boys had too little variance to be analyzed. In girls there was no relation 
between early gender-typed toy preference and sexual orientation at puberty: p-values were .74, .17, 
and .096 respectively for the three ages of 13 months, 2.5 and 6.5 years. 

Early toy preference was not related to gender expression at puberty in boys (p-values per age 
respectively .17, .39 and .72) or girls (p-values per age respectively .49, .15 and .20).

There was also no relation between early toy preference and gender role at puberty in boys (p-values 
per age respectively .13, .46 and .62) or girls (p-values per age respectively .78, .72 and .34).

DISCUSSION 

The present longitudinal study shows clear sex differences in gender-specific toy preferences between 
1 and 6 years of age and in gender development at puberty. Measures that show sex differences are 
likely to be affected by sex hormones (Hines et al., 2002). We explored the relations between prenatal 
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sex hormones and gender-typed toy preference; between prenatal and pubertal sex hormones and 
gender development; and between gender-typed toy preference and gender development. The main 
findings are: 1) that in girls at 6.5years of age prenatal testosterone is positively associated with more 
feminine/less masculine toy preference, and prenatal estradiol is positively associated with stronger 
masculine/less feminine toy preference. No effects of prenatal hormones were found for boys, or 
at younger ages; 2) that prenatal and pubertal estradiol interact in predicting gender expression at 
puberty in boys: In the low pE group higher pubE levels are associated with a more masculine gender 
expression; 3) that prenatal and pubertal estradiol interact in predicting gender role at puberty in 
girls: in the low prenatal estradiol subgroup higher pubertal estradiol is related to a more feminine 
gender role; and 4) that gender-specific toy preference in early childhood does not predict gender 
development at the age of puberty. 

In the following sections we will discuss these results according to the three key questions posed in 
the introduction.

DO PRENATAL SEX HORMONES PREDICT GENDER-TYPED TOY PREFERENCE?

We found that prenatal testosterone and estradiol affect gender-typed toy preference at the age 
of 6.5 years in girls only, such that pT has a feminizing effect and pE has a masculinizing effect. 
Surprisingly, the effect of prenatal testosterone is opposite to the prevalent idea that testosterone 
affects the development of the brain in the masculine direction during sensitive periods in the 
second trimester of pregnancy or postnatally (see Hines, 2011; Lamminmäki, 2012). Therefore, 
most studies investigated the effects of only this specific hormone (e.g. Lamminmäki, 2012; Lust 
et al., 2010; Berenbaum & Beltz, 2016). Moreover, it is generally assumed that in humans estradiol 
plays a minor role in sexual differentiation, but some studies have suggested that sex hormones such 
as estradiol and progesterone may also affect brain development (Peper et al., 2009; Van de Beek et 
al., 2009). In our statistical analyses we explored which was the best fitting model when considering 
the three hormones and age as predictors, resulting in a model that showed that both prenatal 
testosterone and estradiol predict gender-typical toy preference in an age dependent way in girls 
only. This suggests independent effects of prenatal testosterone and estradiol in girls. Indeed, we 
tested this possibility in a post-hoc analysis which showed that a model that includes the interaction 
between pT and pE is not significant and does not provide a better fit to the data. 

What might explain the deviant outcome of our study? There are a number of differences between 
our study and previous studies. Firstly, we included several sex hormones in the model rather than 
testing single hormones. Secondly, rather than to analyze the effects on relative toy preference 
measure which is a better measure of gender-typical toy preference and which reduces the number 
of statistical tests. Thus, our outcome may be different from studies using separate measures for 
masculine and feminine toy preference and investigating a single hormone. We therefore checked 
this with a post-hoc analysis (ANOVA) of masculine toy preference and feminine toy preference pes 
sex, per age and per hormone (see Appendix C). Prenatal testosterone related positively to masculine 
toy preference (B=1.73; p=.056; η²=.083) in girls, but only at 2.5y of age. Prenatal estradiol related 
negatively to feminine toy preference in 2.5-year-old girls (B=-.003; p=.008; η²=.156), and positively 
to play with masculine toys in boys (B=.005; p=.028; η²=.156) and girls (B=.004; p=.018; η²=.185) at 
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the age of 6.5 years. Thus, the post-hoc analyses yield marginal masculinizing/defeminizing effects 
for pT in girls 2.5 years of age, defeminizing effects of pE in girls at 2.5 years of age, and masculinizing 
effects of pE in boys and girls at 6.5 years of age. Although firm support for a masculinizing role of 
pT is lacking, the post-hoc analysis does not contradict earlier studies and supports the validity of 
our longitudinal dataset. The outcome of our main analyses should therefore be taken seriously as 
it is based on longitudinal data, uses a solid measure of gender-typed toy preference, and tested the 
effects of several sex hormones in a single model.

With respect to prenatal progesterone, we did not find any relation with gender-typical play 
preference up to 6.5 years of age. This differs from the outcome of Van de Beek et al. (2009), who 
found that prenatal progesterone predicts masculine toy preference in 13m old boys (with parental 
education and number of older brothers as co-variates). However, van de Beek and colleagues used 
separate masculine and feminine toy preferences as dependent variables, whereas we used these 
variables combined into a single relative measure of gender-typed toy preference. Obviously, we were 
able to replicate their outcome when we analyzed the same group of 13-months-old children. In our 
post-hoc analysis (Appendix C), we do not find an effect of prenatal progesterone at 13 months, but 
do find one at 6.5 years: higher pP levels predict lower masculine toy preferences in boys (B=-.010; 
p=.026; η²=.155). The two studies agree in finding no relations between prenatal testosterone or 
estradiol with gender-typed toy preference at this early age. Van de Beek and colleagues suggested 
that their finding of an effect of prenatal progesterone might be a spurious finding. 

In our study the effects of prenatal testosterone and estradiol are restricted to girls 6.5 years of 
age. One other study (Hines et al., 2002) reported an effect in girls only: prenatal testosterone (i.e. 
in serum of pregnant women) was related to gender typical play in female offspring at 4.5 years. 
Other studies report that prenatal testosterone promotes male-typical play in boys and girls from 
6 to 10 years of age (Auyeung et al., 2009), but not in 4 to 5-year-olds (Knickmeyer et al., 2005). 
Apparently, although there is evidence of early sex differences in play preferences before the age of 
18 months (Van de Beek et al.; 2009; Lamminmäki et al., 2012), the influence of prenatal hormones 
on gender-typical play behaviour becomes significant from about the age of 6 years. The reason why 
we found an effect of testosterone in girls only might be explained by assuming that testosterone 
exposure, being higher in boys than girls, was above a certain threshold for masculinization in boys, 
or that socialization according to the expected gender (see Pasterski et al., 2005) has a much stronger 
influence in boys than girls. 

Another surprising outcome is the masculinizing effect of prenatal estradiol in girls, and the 
absence of pE effects in boys. Perhaps girls are more sensitive to estradiol than boys. Moreover, 
in non-human animal studies effects of testosterone on male typical behaviour can be mediated 
by aromatization of testosterone to estradiol in the brain (McCarthy & Arnold, 2011). Estrogens 
act on estrogen receptors to masculinize (enhance behaviours and functions typical of males) and 
defeminize (McCarthy & Arnold, 2011). Estradiol is assumed to have the lead in shaping female-
typical preferences that prepare for later gender specific behaviour. An explanation of the findings 
should not be in antagonistic effects of the two hormones, because post-hoc the interaction between 
pT and pE proved non-significant. Maybe if the pT level is low (subthreshold) as it is in girls, estrogen 
plays a dominant role with a masculinizing effect as a result. Why pT then has a further feminizing 
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effect we do not understand. In boys, we found no relations between prenatal hormones and toy 
preference despite the strong developmental increase towards nearly full masculine toy preference 
at the age of 6 years. This points at strong socializing and other environmental influences on gender 
typical toy preference in boys. Given the low explained variances of the age by hormone relations, 
this is likely to be true for the girls as well.

With respect to the first research question we may conclude that the effects of pT and pE and age 
and sex on gender-typical behaviour are complex (also see Berenbaum, 2018). The current findings 
question earlier interpretations of pT and pE having masculinizing and defeminizing effects on 
gender-typed play preferences as a proxy for gender development. As indicated earlier, the different 
results between studies may be due to different sample (extreme vs typical sex hormone exposure), 
or different instruments and measures for play-preference.

DO PRENATAL AND PUBERTAL SEX HORMONES PREDICT 
GENDER DEVELOPMENT AT PUBERTY?

We analyzed three aspects of gender development: sexual orientation, gender expression and gender 
role. We found no indication that sexual orientation relates to prenatal or pubertal hormone 
levels. However, in this group of typically developing children all but 1 boy and 84% of girls were 
completely oriented to the other sex, so the group is too homogeneous to explore the effect on sexual 
orientation. Future studies on this topic should therefore include participants with varied sexual 
orientation.

Gender expression was measured by asking how girlish or boyish one is. In girls, gender expression 
was not predicted by sex hormones. However, in boys, the interaction between prenatal and 
pubertal estradiol was found to predict gender expression: in the low pE group increase of pubertal 
estradiol was associated with more masculine/less feminine gender expression, whereas in the high 
pE group the gender expression tended to decrease with increasing pubertal estradiol. This implies 
that in boys the effect of pubertal estradiol depends on the prenatal estradiol level. However, as the 
interaction vanished by the removal of a single extreme (but biologically valid) pubertal estradiol 
value, this finding should be seen as preliminary and in need of replication. 

Gender role was predicted from the interaction between prenatal and pubertal estrogen in girls only. 
This implies that the effect of pubertal estradiol depends on the prenatal estradiol level: in the low 
prenatal estradiol subgroup higher pubE was related to more feminine gender role. This indicates 
an organizing effect of prenatal estradiol. Given an explained variance of 7.4%, the influence of 
estradiol seems rather limited. There were no effects of prenatal or pubertal testosterone on gender 
role in boys. This is consistent with the study of Hines and colleagues (2002), who report that 
prenatal testosterone related to gender role in 3.5-year-old girls, not boys.

It may be concluded that estrogen predicts gender role behaviour at puberty. Prenatal and pubertal 
testosterone and prenatal progesterone are not related to gender development at puberty.
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DO EARLY GENDER-TYPICAL TOY PREFERENCES 
PREDICT GENDER DEVELOPMENT?

No evidence was found that gender-typed play preference was predictive for gender development at 
puberty in our sample. This should not be interpreted that gender-typed play preference will not 
have predictive power in, for example, children with Gender Dysphoria. Steensma and colleagues 
(2013) followed up a large sample of 4-11 year old children assessed for gender variance, and 
reassessed for sexual orientation 24 years later. They found that childhood gender variance was 
associated with adult homosexual orientation. Golombok et al. (2012), selecting groups of children 
with extreme scores as well as randomly selected groups per sex, did find a relation between PSAI 
scores at the age of 3.5 years and the Multidimensional Gender Identity Scale scores at 13 years. Boys 
who were feminine at age 3 were less male typical than control boys at 13 years of age, and girls who 
had been masculine at age 3 were less feminine at age 13. They conclude that the degree of sex-typed 
behaviour shown by preschool children is a good indicator of their degree of sex-typed behaviour in 
puberty. Our analyses do not support this for a typical sample of children. 

FINAL DISCUSSION

Taking the results together, the findings suggest a causal role for estradiol in gender development, and 
to a lesser extent a role for prenatal testosterone and no role for prenatal progesterone. From animal 
studies we know that the organizational effects of testosterone in the prenatal or postnatal brain 
are often caused by estradiol being a major metabolite of testosterone. Estrogens masculinize and 
defeminize, and likely this may occur at different times and sites for males and females (McCarthy 
& Arnold, 2011). Our data show that in girls at 6.5 years of age estradiol has a masculinizing effect 
on toy preference, and at puberty a feminizing effect on gender role.

From a developmental perspective, our data show that prenatal sex hormones are unrelated to early 
preference for gender-typical toys, i.e. before the age of 6 years. Knickmeyer et al. (2005) did not 
find a relation between prenatal testosterone or estradiol and play preferences at 5 years. However, 
our study shows that at the age of 6.5 years, increased levels of prenatal estradiol are associated with 
stronger relative preference towards masculine toys in girls. At 15 years of age, prenatal and pubertal 
estradiol levels interacted to predict gender role in girls. Gender role and toy preference, both tapping 
preference for masculine or feminine activities, reflect gender typed behaviour. Apparently, both 
are sensitive to estradiol from 6 years onwards.

Prenatal testosterone predicted gender-specific toy preference in girls at 6.5 years of age but had 
no effect on gender development at puberty. Also, the pubertal testosterone level is not related to 
gender development. In a review of prenatal testosterone and gender-related behavior, Hines (2006, 
also see Hines et al., 2015, and Berenbaum & Beltz, 2016) concludes that in humans exposed to 
abnormal prenatal testosterone levels this affects childhood play behaviour, sexual orientation 
and gender identity - she writes: “For example, prenatal exposure to high levels of testosterone has 
a substantial influence on sex-typical play behaviour, including sex-typed toy preferences, whereas 
influences on core gender identity and sexual orientation are less dramatic.” - but that there is also 
some evidence that prenatal testosterone within the normal range contributes to the variation of 
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gender-related behaviour. This concerts globally with our findings, but we only found sex specific 
effects of prenatal testosterone for play behaviour in childhood (only in girls), and no effect on 
gender-typical behaviour in puberty. 

The effects that we found explain 5 to 30% of variance. We included sex hormones that were 
sampled during sensitive periods of the brain, i.e. prenatally between 14 and 18 weeks gestational 
age and puberty. There may however, be another sensitive period, postnatally from birth to 6 
month, in which sex hormone levels are heightened. Lamminmäki and colleagues (2012) reported 
that exposure to testosterone over the first half year is related to activities and toy preferences in 14 
month infants. It would be interesting to study how sex hormone exposure in these three periods 
predict or interact to predict gender development.

STRENGTHS AND LIMITATIONS

Strengths of the current study are the longitudinal data collected from before birth to puberty in a 
sample of typically developing children, and the combined analyses of several sex hormones assessed 
prenatally and at puberty. 

As for play preferences, the sex and age differences reported in our study (see Figure 2) are similar 
to those of Servin et al. (1999) and the meta-analysis of Todd et al. (2018): the time playing with 
masculine‐typed toys increased with age in boys, but this pattern was not found in girls. The 
robustness of this sex difference points at a biological predisposition and consistent environmental 
influences, including social stereotypies, as discussed in Todd et al. (2018). Given the rather small 
effect sizes of the prenatal hormones in the present study future studies might include both biological 
factors and social/environmental effects (see also McCarthy & Arnold, 2011). Recently, Berenbaum 
and Beltz (2016) discussed the importance of understanding the ways in which hormones act jointly 
with the social environment across time to produce varying trajectories of gender development.

Given the sample of typically developing children, it is no surprise that there was limited variation 
in gender development. Future studies would profit from enriching their sample with participants 
with Gender Dysphoria.

CONCLUSION

A recent review by Berenbaum (2018) concluded that the effects of early androgens on gender 
development are complex. Her review focusses on the masculinization effects in females with CAH. 
The present study tried to disentangle the effects of both prenatal and pubertal sex hormones on 
gender development over time in a typical developing sample. We show that the main effects in such 
a sample are small if any, and that prenatal hormones may interact with age (prenatal testosterone 
and prenatal estradiol) or with pubertal hormones (prenatal by pubertal estradiol). Estradiol seemed 
more related to gender development than testosterone. Gender development in boys was rather 
insensitive to sex hormones.
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APPENDIX A: QUESTIONNAIRES 

Gender related information was collected from the participants by means of an internet questionnaire 
to derive estimates of sexual orientation, gender identity, gender expression and gender role. This 
appendix clarifies which were the relevant questions and their scales, and how the gender related 
variables have been calculated from these. 

GENDER IDENTITY

Not everybody has the feeling being a man or a woman. Some people have a feeling to belong 
to the other sex or in between. What description fits you best?

1. I feel like being a man
2. I feel like being a woman
3. Sometimes I feel like a man, sometimes like a woman
4. I feel neither a man nor a woman
5. I don’t know 
 

As only answers 1 and 2 are present in the data, the data are identical to biological sex. 
>>  Gender identity is not further analyzed.

GENDER EXPRESSION

Q1 Please indicate on the scale how boyish you feel/find yourself. 

Not boyish Very boyish
0 1 2 3 4 5 6 7 8 9 10
|-----------------------------------------------------------------------------------------------------------------|

Q2 Please indicate on the scale how girlish you feel/find yourself. 

Not girlish Very girlish

0 1 2 3 4 5 6 7 8 9 10
|-----------------------------------------------------------------------------------------------------------------|

>>  Gender expression = score Q1 - score Q2
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GENDER ROLE BEHAVIOUR

[Questions 1 and 2 are adapted from Dutch version Activity Questionnaire  
(Callens et al., 2016; after Hines et al., 2003; adapted for teenagers by TB and BK]

Q1 My friends are:

1. Always boys
2. Usually boys
3. Boys and girls about equally
4. Usually girls
5. Always girls

Q2 Read each of the sentences below and indicate on the scale how you would describe yourself:

I like making-up my face
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q1
I like sports
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q2
I like to be outside
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|       q3
I like rough activities (e.g. paintball) 
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|       q4
I like reading 
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q5

I like board games (e.g. monopoly)
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q6

I like dressing fancy
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q7

I like construction and repairs 
0 10 20 30 40 50 60 70 80 90        100
|--------------------------------------------------------------------------------------------------------------|  q8

>>  Gender role score = ((Q1-1)/4 + (q1+q7) /(q1+q7+q4+q8)) /2
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Note: q4 and q8 are typical male activities; q1 and q7 are typical female activities; the other q’s 
are considered neutral activities. The 2nd term in the formula is the ratio of female/(female+male) 
activity preferences.

SEXUAL PREFERENCE AND ACTIVITY

Q1 Do you have currently or had you in the past a boyfriend or a girlfriend?

1. yes, a boyfriend
2. yes, a girlfriend
3. yes, both
4. no, but I would like to have a boyfriend
5. no, but I would like to have a girlfriend
6. no, but I would like to have a boy or a girlfriend
0. no, no need for / not interested

Q2 Who do you fall in love with?

1. only boys
2. mostly boys
3. somewhat more often boys
4. equally boys and girls
5. somewhat more often girls
6. mostly girls
7. always girls
0. don’t know yet

Q3 Who is involved in your sexual phantasies?

1. only boys
2. mostly boys
3. somewhat more often boys
4. equally boys and girls
5. somewhat more often girls
6. mostly girls
7. always girls
0. don’t know yet

Recode Q1 onto scale 1-3:   1  1 ; 2  3 ; 3  2 ; 4  1; 5  3; 6  2; 0  missing
Recode Q2 and Q3:  0  missing

>> Sexual orientation = 1 + ((Q1-1)/2+(Q2-1)/6+(Q3-1)/6)/3 
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APPENDIX B - DISTRIBUTIONS OF SEXUAL ORIENTATION, 
GENDER EXPRESSION AND GENDER ROLE MEASURES

Figure B.1  Frequency distribution of 
sexual orientation for boys and girls.  
1 = sexually oriented towards males; 2 
= sexually oriented towards females.

Figure B.2  Frequency distribution of 
gender expression for boys and girls.  
-10 = complete feminine gender 
expression; 10 = complete 
masculine gender expression.

        

Fig. B.3  Frequency distribution of gender role for boys and girls.  
0 = complete masculine gender role; 1 = complete feminine gender role. 
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APPENDIX C - POST-HOC TESTS

1. single measures of play duration with boytoys and girltoys
2. single age (non-longitudinal data)
3. single hormone tested (usually prenatal testosterone)

Table C.1  ANOVA’s per sex per age per hormone; dependent variables: sqrt(% boy toy), sqrt(% girl toy)

% boy toy age hormone B t F (df) p partial η²
Boys 13m pT -.28 -.31 .10 (1,66) .76 .002

pE -.0003 -.25 .06 (1,66) .80 .001
pP .005 1.48 2.2 (1,66) .14 .033

2.5y pT -.093 -.10 .01 (1,51) .92 .000
pE -.0004 -.325 .10 (1,50) .75 .002
pP .001 .24 .06 (1,51) .81 .001

6.5y pT -.743 -.527 .28 (1,31) .60 .009
pE .005 2.31 5.3 (1,30) .028 .156
pP -.010 -2.34 5.5 (1,31) .026 .155

Girls 13m pT .15 .18 .03 (1,65) .86 .0005
pE -,0002 -.19 .04 (1,62) .85 .001
pP .003 .99 .98 (1,65) .33 .015

2.5y pT 1.73 1.97 3.9 (1,44) .056 .083
pE .002 .165 2.7 (1,42) .11 .063
pP .004 1.07 1.1 (1,44) .29 .026

6.5y pT -1.32 -.58 .34 (1,29) .57 .012
pE .004 2.52 6.4 (1,29) .018 .185
pP -.001 -.184 .03 (1,29) .86 .001

% girl toy age hormone B t F (df) p partial η²
Boys 13m pT .72 .84 .71 (1,66) .40 .011

pE .001 .61 .38 (1,66) .54 .006
pP -.003 -.99 .97 (1,66) .33 .015

2.5y pT .38 .35 .12 (1,51) .73 .002
pE -.0002 -.17 .03 (1,50) .87 .001
pP .003 .73 .53 (1,51) .47 .010

6.5y pT -1.15 -1.40 1.96 (1,31) .17 .061
pE -.002 -1.29 1.67 (1,30) .21 .054
pP .0003 .096 .01 (1,31) .92 .000

Girls 13m pT .018 .02 .00 (1,65) .98 .000
pE .001 1.07 1.14 (1,62) .29 .018
pP -.001 -.49 .24 (1,65) .63 .004

2.5y pT -1.26 -1.56 2.4 (1,44) .13 .054
pE -.003 -2.8 7.7 (1,42) .008 .156
pP -.001 -.34 .11 (1,44) .74 .003

6.5y pT -.94 -.40 .16 (1,29) .69 .006
pE -.001 -.50 .25 (1,29) .62 .009
pP -.003 -.50 .25 (1,29) .62 .009






