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Abstract An “enhanced” evolutionary theory called evolu-
tionary neuroandrogenic (ENA) theory argues that gender dif-
ferences in cognitive and behavioral traits result from natural
selection favoring gender differences in brain exposure to an-
drogens. This implies that even within males and females,
gender dimorphic cognitive and behavioral traits should cor-
relate with androgen exposure. The present study tests this
idea regarding mate preferences. Self-reported data were ob-
tained from college students in Malaysia (N=2058) and the
USA (N=2511). Twelve traits were assessed in terms of their
importance for mate preferences. Ten indicators of androgen
exposure were factor-analyzed, resulting in a two-factor solu-
tion. The first factor appeared to reflect bone growth and
neurosexual influences, while the second factor pertained to
muscularity and athletic motor skills. As reported by others,
pronounced gender differences were found regarding mate
preferences in both countries. Concerning androgenic influ-
ences, low scores on bone growth and neurosexual factor were
associated with greater mate discrimination tendencies, espe-
cially regarding a prospective mate’s resource-provisioning
capabilities. Preferences for physically attractive mates were
positively associated with this factor in the USA but not in
Malaysia. The muscularity/athletic factor correlated positively
with the assessed importance of nearly all forms of mate pref-
erences for both men and women in both countries. ENA
theory correctly predicted associations between androgen ex-
posure and mate preferences, although there appear to be
some complex nuances in the nature of androgenic influences
on cognitive and behavioral traits. Testing the theory’s predic-
tive capabilities with other universal sex differences in behav-
ior is in order.
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Introduction

The time and energy women must devote to producing an
offspring greatly exceeds what men must invest. Consequently,
women should have been naturally selected for exhibiting
greater caution and discrimination in mate selection than would
be true for men (Townsend et al. 1995; Trivers 1972). To com-
pensate for their heavy investment, a woman should seekmates
who are (or at least seem to be) loyal and capable provisioners
of resources through most of her reproductive years (Kokko
et al. 2003; Ryan and Rand 1993; Wiley and Poston 1996). Put
another way, because females must bear much heavier burdens
in order to reproduce, they should have evolved tendencies to
be more reserved and discriminating in their mating activities
and inclined to prefer devoted mates capable of regularly pro-
visioning resources (Cotton et al. 2006; Edward and Chapman
2011; Ellis 2001; Geary et al. 2004).

Because of men’s relatively small investment of time and
energy in producing offspring, they should seek to enhance
their reproduction by mating with multiple partners to a great-
er degree than women do (Buss and Schmitt 1993; Gray and
Garcia 2013; Kenrick et al. 1990). This means men should be
more eager than females to mate, particularly with partners of
reproductive age (Marlowe 2004; Sprecher et al. 1994).

Evidence of Gender Differences in Mate Preferences

The evolutionary reasoning just summarized has received
considerable empirical support. Most notably, females

L. Ellis (*) :M. Ratnasingam
Department of Anthropology and Sociology, University of Malaya,
Kuala Lumpur, Malaysia
e-mail: lee.ellis@hotmail.com

Evolutionary Psychological Science (2015) 1:103–122
DOI 10.1007/s40806-015-0014-8



throughout the world have been shown to be (and to prefer
being) more reserved than males in their mating activities
(Bradshaw et al. 2010; Kenrick and Trost 1987; Schmitt
2003). Also, compared to males, females are much more
prone to bias their preferences toward prospective mates in
terms of resource procuring capabilities (Bereczkei et al.
1997; Buss et al. 2001; Greenlees and McGrew 1994;
Jennions and Petrie 1997; Moore et al. 2006; Waynforth and
Dunbar 1995; Wiederman 1993). Coincidentally, studies of
several nonhuman species have found females more readily
copulating with males who control the greatest resources or
largest/best territories than with other males (Balmford et al.
1992; Ellis 1995; Kirkpatrick and Ryan 1991; Pizzari 2003).

As evolutionary theory predicts, the preferences for mates
by males tend to be focused on traits such as youth and phys-
ical attractiveness (Kenrick and Keefe 1992; Perusse 1994;
Singh 1993), presumably as proxy indicators of fecundity.
According to a recent review, nearly all studies have found
significantly greater tendencies for males rather than females
to consider physical attractiveness an important mate choice
criterion (Ellis et al. 2008, pp. 440–441).

Strengths and Weaknesses in Evolutionary Explanations
of Behavior

A lingering criticism of evolutionary explanations of gender
differences in behavioral traits has been that the supporting
evidence is post hoc (Bell et al. 2001; Boyd 1998). This means
that after a particular gender difference is either empirically or
anecdotally established, an evolutionary scenario is contrived
to fit the observed difference. Consequently, many evolution-
ary explanations of gender differences in behavior can be con-
sidered tantamount to “just-so stories” tailored after the fact to
match whatever gender differences seem to exist (Cameron
2010; Cox 2007; Travis 2003).

Proponents of evolutionary explanations for human behav-
ior have countered such criticisms by noting that there are
actually numerous ways to identify and cross-check evidence
that natural selection forces have been at work on behavioral
traits, including sexually dimorphic ones (Confer et al. 2010;
Schmitt and Pilcher 2004). These include demonstrating that a
behavioral trait (a) appears to be culturally universal, (b) is
also common in other species, (c) has neurological and hor-
monal causes, and (d) seems to be genetically influenced.

We agree that criteria such as those specified above help to
identify behavioral traits that have been subjected to past evo-
lutionary pressure. However, we would also point out that the
use of these criteria for making judgments about the evolu-
tionary influences on traits is not easily falsified. To illustrate,
say that a behavioral trait appears to be unique to humans and
exhibits a sex difference in 95–100 % of all societies studied.
Can one definitively conclude from such evidence that the
trait in question evolved by natural selection? The safest

answer would be that such a conclusion is certainly consistent
with such an explanation, but it is still somewhat equivocal.
Or, say that a sexually dimorphic behavioral trait was shown
to be influenced by neurohormonal factors and seems to be
genetically influenced as well. With such evidence, can one
infer that the trait in question is an evolutionary adaptation?

Most evolutionists would feel comfortable arguing that both
of the above questions can be answered affirmatively with a high
degree of confidence, but would still have to admit to a skeptic
that there is room for doubt. Critics of evolutionary approaches to
the study of behavior often seize upon any “room for doubt” as
justification for believing otherwise, often opting for social role
explanations instead (Eagly and Wood 1999). Therefore, it
would be nice to have even more theoretical deductions that
could be used to settle the dispute between evolutionary and
nonevolutionary arguments regarding human behavior.

The present study was motivated by a belief that Darwinian
theory can be strengthened as a scientific explanatory system
as it was a century ago with what came to be known as the
modern synthesis (Huxley 1942; Mayr 1998; Rose and Oak-
ley 2007). In the modern synthesis, knowledge of genetics
was interwoven with Darwin’s concept of natural selection.
This synthesis made Darwin’s original formulation stronger
and more comprehensive by wedding the concept of natural
selection with information about the biochemistry behind the
traits being selected. In the theory to be described, we believe
that Darwinian explanations can be made stronger for one
important class of traits, i.e., those having to do with gender
differences.

An Enhanced Evolutionary Theory of Gender Differences

We believe that another synthesis involving evolutionary the-
ory is possible. It essentially argues that some of the genes that
have evolved are responsible for sexual differentiation, and
these genes operate in large measure by causing males and
females to produce different hormone regimens. These hor-
mone regimens, in turn, produce average sex differences in
many cognitive and behavioral patterns, nearly all of which
are subjected to natural selection.

This theoretical enhancement should be useful for better
understanding sex difference in behavior, especially ones that
are virtually universal in the human species. While evolution-
ary theory covers many questions besides those involving sex
differences in behavior, these differences are central to disci-
plines such as evolutionary psychology and sociobiology
(Buss 1995; Daly and Wilson 1999; Geary 2010; Low 2001)
and may be at the very the heart of social science itself (Ellis
et al. 2008; Mealey 2000). As simply stated by Udry (1994, p.
561), “human nature is gendered”.

The enhanced Darwinian theory to be utilized here retains
the concept of natural selection as well as the growing under-
standing of how genes orchestrate the continuation of life as
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depicted in the modern synthesis.What is new to the enhanced
theory is that it incorporates information derived in the past
half century or so regarding (a) the role of sex hormones in
altering brain functioning and (b) the impact that these neuro-
hormonal factors have on behavior (for summaries, see Baron-
Cohen et al. 2005; Cahill 2006; Collaer and Hines 1995;
Geary 2010; Kimura 1992).

The name given to this enhanced theory is evolutionary
neuroandrogenic (ENA) theory (Ellis 2011a, b). It asserts that
combinations of genes have evolved that code for sex hor-
mone regimens that effectively drive male and female apart
in terms of numerous average cognitive and behavioral traits.
In this way, according to the theory, members of both genders
are more successful in passing genes onto future generations
than would be the case without these sexually differentiated
hormones. Boiled down even further, ENA theory asserts that
sex hormones have evolved to produce numerous sex differ-
ences in behavior.

The main advantage of ENA theory over conventional evo-
lutionary theory is that it specifies how, rather than simply
why, sex differences in many types of behavior have arisen.
Because it inextricably links arguments about evolution with
complimentary arguments of a neurohormonal nature, ENA
theory is much more open to direct empirical refutation than
Darwinian theory has been even after the modern synthesis.

Two core premises are at the heart of ENA theory. The first
is as follows: To the extent that gender differences in behavior
are present in all established human cultures (which is exten-
sive—Ellis 2011a), these differences have been naturally (in-
cluding sexually) selected (either directly or indirectly). Sex
differences that are indirectly selected would be those that are
not promoting reproduction themselves, but are “side effects”
of traits that do promote reproduction for one or both sexes.

A likely example of indirect selection involves the condi-
tion of autism, which is at least five or six times more common
among males than females (review: Ellis et al. 2008, p. 405).
No one would seriously argue that male preponderance in
autism has been directly favored by natural selection. Howev-
er, the sex difference could be explained as being a side effect
of selection for male traits that have helped males attract
mates. In this regard, at least one study has found autism to
be unusually common among boys whose fathers (and even
grandfathers) were mathematicians and engineers (Baron-Co-
hen et al. 1997). Such a familial connection between involve-
ment in STEM occupations (i.e., those involving science,
technology, engineering, and mathematics) and autism can
be explained in evolutionary terms as follows:

1. Males who gravitate toward STEM occupations are likely
to be unusually attractive as mates to females intending to
have offspring since males in these occupations are likely to
earn stable comfortable incomes more than males in general
(Langdon et al. 2011; Lubinski and Benbow 2006).

2. Genetics throughout the genome appears to contribute con-
siderably to the tendencies to have STEM interests and abili-
ties (Gottfredson 2003; Simonton 2008; Toga and Thompson
2005).
3. These STEM-promoting genes appear to interact with
genes affecting brain exposure to testosterone (primarily lo-
cated on the Y chromosome), thereby virtually assuring that
males will be more STEM-oriented than females (Benbow
1988; Berenbaum and Beltz 2011).
4. However, the very genes that contribute to STEM interests
and abilities also appear to increase the probability of autistic
tendencies, such as focusing on detailed physical movements
and reduced interest in language and interpersonal interactions
(Baron-Cohen 2008).
5. Consequently, the very factors that have helped nudge
males toward STEM occupations (thereby making them at-
tractive to females as long-term mates) may have side effects
that elevate the risk of autism, with high prenatal exposure to
testosterone playing a central role (Baron-Cohen et al. 1997,
2005).

These arguments need more verification than presented
here, but they serve to illustrate the idea that sexually
dimorphic traits can be indirectly selected as well as di-
rectly selected (for other possible examples, see Keller
and Miller 2006).

The second core premise of ENA theory is that all natural-
ly (including sexually) selected gender differences are primar-
ily the result of differential exposure of the brain to androgens,
either perinatally, postpubertally, or both. Put another way,
(a) brain exposure to androgens is responsible for all culturally
universal male-typical cognitive and behavioral traits, while
(b) the absence of brain exposure to androgens (or its metab-
olites) increases all universal female-typical traits.

This second premise makes ENA theory very falsifiable.
All one needs to do to negate the theory is to locate a universal
sex difference in cognition or behavior that is not the result of
androgenic effects on brain functioning. Thus, to the extent
the theory is true, brain exposure to androgens must be respon-
sible for the evolution of all universal gender differences in
behavior. If so, correlations should be found between univer-
sal gender differences in cognition and behavior and androgen
levels even if males and females are examined separately.

Nearly all contemporary Darwinian scholars are aware of
the major advances that have beenmade in understanding how
androgens contribute to sexual differentiation, and many of
them incorporate neuroandrogenic concepts into their expla-
nations of sex differences in behavior (e.g., Daly and Wilson
1978; Demski 1984; Crews and Moore 1986; Geary 2010;
Sinervo et al. 2000). However, ENA theory does more than
recognize that evolutionary and neurohormonal variables are
interrelated. It specifies the nature of these relationships in
ways that can be empirically tested.
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Hypothesis

The present study provides a set of tests for ENA theory re-
garding gender differences in traits that prior studies have
suggested are universal, or nearly so, with respect to mate
preferences (Buss and Schmitt 1993; Ellis et al. 2008;
Shackelford et al. 2005). Five hypotheses were derived from
the theory. The first three hypotheses emanated from ENA
theory’s evolutionary component, while the latter two were
derived from its neurohormonal component:

H1 Because females risk losing more in reproductive
terms from the mate choices they make, they should be
more discriminating in their mate preferences than males.
H2 Female mate preferences should be especially strong
regarding traits indicative of loyalty and an ability to pro-
vide resources throughout the duration of a couple’s re-
productive years.
H3 Male mate preferences should focus on choosing
mates with relatively high reproductive potential (i.e.,
those who are physically attractive and healthy).
H4 Regarding neurohormonal factors, androgen exposure
should be inversely associated with strong preferences for
most mate choice criteria, especially those involving loy-
alty and resource procurement capabilities.
H5 Brain exposure to androgens should be positively as-
sociated with preferences for mates who are physically
attractive and healthy.

Two notable qualifications need to be made regarding the
latter two hypotheses. One is that ENA theory predicts that the
relationships stipulated should exist even after controlling for
gender. In other words, not only should males and females
differ in terms of their average degree of exposure to perinatal
androgens and thereby their preferences for mates but even
within each gender, the correlations stated inH4 and H5 should
still be present.

The second qualification is that ENA theory asserts that it is
primarily perinatal exposure to androgens that imposes most of
the permanent sexual differentiation onto the brain (Ellis
2011b). Therefore, postpubertal exposure to androgens is ex-
pected to primarily only enhance the expression of whatever
neurological predispositions were laid down during perinatal
brain development (Evuarherhe et al. 2009; Schulz et al. 2009).
Therefore, it is likely that the strongest correlations between
mate preference patterns and androgens would involve the ex-
posure received prenatally rather than after puberty.

Methods

The present study’s respondents consisted of undergraduate
college students in Malaysia and the USA. Specifically,

2059 Malaysian students attending the University of Malaya
completed a questionnaire. In the USA, students from the
following eight universities also completed a questionnaire:
Boise State University (145 respondents), California State
University at Fullerton (251 respondents), Evangel University
(264 respondents), Minot State University (173 respondents),
Pennsylvania State University (110 respondents), the Univer-
sity of Missouri (258 respondents), University of Texas at the
Permian Basin (1048 respondents), and the University of Tex-
as at San Antonio (261 respondents), for a total of 2511 US
respondents.

Demographics

Demographics for the two countries’ respondents are shown
in Table 1. Regarding gender, substantially more females were
sampled than males largely due to more females attending
college in both countries in recent years (DiPrete and
Buchmann 2006; Firebaugh and Dorius 2010).

The questionnaire was developed and refined in English
and then translated into Bahasa Malaysia, Malaysia’s official
national/native language. To help ensure that the translation
was equivalent to the English version, theMalaysian question-
naire was back-translated into English until all discrepancies
were eliminated. (However, as will be discussed below, one
failure in equivalency was detected after all data from Malay-
sia had been collected). Both questionnaires were four pages
in length and covered a wide variety of topics, only some of
which are part of the present study.

The Mate Preference Measures

To assess the importance of various criteria used in mate
choices, respondents were given the following instructions
followed by the listing of 12 traits: Besides mutual love, rate
the following traits regarding what you would be looking for
in a marriage partner (or did look for if you are already
married). Rate your responses with 0 meaning not at all im-
portant and 10 meaning indispensable.

_____ Good financial prospects
_____ Compatible personality
_____ Emotional stability (rarely gets angry)
_____ Having similar religious views
_____ Intelligence and education
_____ Sense of humor
_____ Compatible family background
_____ Chastity (fidelity)
_____ Desire for a home and children
_____ Ambition and industriousness
_____ Physical attractiveness (good looks)
_____ Good mental and physical health
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The Androgen Influence Measures

ENA theory specifies that it is the effects of androgens on brain
functioning that are responsible for any widespread gender dif-
ferences in preferences and behavior. However, the only direct
measure of brain exposure to androgens would involve spinal
taps, an obviously painful and risky procedure that no one
would perform simply for research purposes. In the present
study, brain exposure to androgens was inferred by combining
ten physical traits that are known to be androgen-influenced, all
based on each respondent’s self-assessments. As elaborated on
below, these traits were the 2D:4D finger length ratio, muscu-
larity, physical strength, low deep voice (voice timbre), height,
athletic ability, masculine body appearance, feminine body ap-
pearance, masculine mannerisms, and feminine mannerisms.

The 2D:4D Measurement

Numerous studies have indicated that the relative length of the
second and the fourth fingers can be considered a biomarker
for prenatal exposure to testosterone, in humans (Manning
et al. 1998, 2013) along with other mammals (McFadden
and Bracht 2005; Zheng and Cohn 2011). The evidence

includes a study in which rat fetuses were experimentally
injected with testosterone and shown to exhibit altered digit
lengths as a result (Talarovičová et al. 2009).

In humans, while objective physical measurement of this
2D:4D ratio is more accurate than self-assessment based on
mere visual examination (Hönekopp and Watson 2010), even
self-reports appear to provide a modestly reliable method for
estimating the ratio when large numbers of respondents are
sampled (Manning et al. 2007a).

The only 2D:4D ratio assessed in the present study was for
the right hand, henceforth referred to as the r2D:4D ratio. This
was done in light of several studies having concluded that the
right hand provides a more reliable measure of prenatal andro-
gen exposure than does the 2D:4D ratio for the left hand
(Brown et al. 2002; Grimbos et al. 2010; Kastlunger et al.
2010; Manning et al. 2005, 2007a, b; Williams et al. 2000;
for an exception, see Putz et al. 2004).

Similar to Manning et al. (2007a, b), our r2D:4D measure
was based on responses to the following question:Hold up the
back of your right hand so that you can see all five fingers.
With your thumb as the first finger, compare the lengths of
your 2nd (pointing) finger with your 4th (ring) finger. Which
is longer? (check one of the five responses below)

Table 1 Demographic
composition of the samples Demographic traits Malaysian sample US sample

Gender

Males 652 (31.7 %) 1027 (49.9 %)

Females 1406 (68.3 %) 1485 (50.1 %)

Total 2058 2511

Age

Mean (standard deviation) 20.86 (2.36) 23.96 (9.27)

Range 18–42 17–81

Total 2058 2511

Marital status

Single (including engaged, domestic partners) 1971 (95.7 %) 2009 (80.0 %)

Married 37 (1.8 %) 341 (13.6 %)

Divorced/separated 1 (0.0 %) 77 (3.1 %)

No response or other 50 (2.4 %) 46 (1.8 %)

Total 2058 2511

Ethnicity

White/European ancestry 0 1394 (55.5 %)

Black/African ancestry 0 173 (6.9)

Hispanic/Latin/Native American 0 745 (29.8 %)

Malay/Bumiputera/Indonesian 1474 (7164 %) 5 (0.2 %)

East Asian (Chinese, “Asian” in the USA) 477 (23.2 %) 66 (2.6 %)

Other Asian (primarily Indian) 85 (4.1 %) 51 (2.2 %)

Other (mixed, Arabic, Persian, Euro-Asian) 3 (0.1 %) 64 (2.5 %)

No response 19 (0.9 %) 13 (0.1 %)

Total 2058 2511
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____ Index (pointing) finger considerably longer
____ Index (pointing) finger slightly longer
____ They are almost exactly the same length
____ Ring (fourth) finger slightly longer
____ Ring (fourth) finger considerably longer

Research has indicated that the longer the ring finger (4D)
relative to the pointing finger (2D), the greater the exposure to
prenatal testosterone (and possibly other androgens) (Voracek
et al. 2007). Thus, the above five responses were coded from 5
to 1, thus rendering a measure of the r2D:4D ratio comparable
to earlier studies associating low ratios with high androgen
exposure.

To check the reliability of the self-reported r2D:4D mea-
sure, near the end of our data collection, we provided a sub-
sample of 454 of the US respondents with a sheet of paper as a
special attachment to their questionnaires. These respondents
were asked to carefully trace an outline of their right hand. The
lengths of the second and fourth fingers of these tracings were
physically measured in millimeters by trained observers,
which allowed us to then calculate the r2D:4D ratios for these
two fingers. The drawing-based measures were then correlat-
ed with the self-estimates provided by the 454 respondents.
The correlation was r=0.214, highly significant statistically,
but obviously rather low from a reliability standpoint. Based
on this result and the prior literature on 2D:4D, we assume that
neither measure can be considered much more than generally
indicative of prenatal androgen exposure.

Other Androgen-Influenced Traits

Nine additional androgen-influenced traits were measured.
These were physical strength, muscularity, low deep voice
(voice timbre), height, athletic ability, masculine and feminine
body appearances, and masculine and feminine mannerisms.

Height was measured by asking each respondent to report
his or her current height. In Malaysia, respondents reported
their heights in centimeters, while the US students did so in
terms of feet and inches (which were converted into centime-
ters). To obtain the remaining eight measures, respondents
were asked the following questions: Being as objective as
possible, rate yourself on the following traits (0 meaning
“not at all” to 10 meaning “the most extreme degree
possible”):

Physical strength _____
Being muscular _____
Having a low deep voice _____
Athletic ability _____
Masculine body appearance _____
Masculine mannerisms _____
Feminine body appearance _____
Feminine mannerisms _____

From the standpoint of accuracy, there is no doubt that it
would have been preferable to have obtained measurement of
the above traits by trained researchers using various precision
instruments. However, to save time, expense, and to be able to
assure anonymity to the respondents, this study relied entirely
on self-assessments.

Despite the efforts made to ensure that the wording for the
Malaysian version of the questionnaire was equivalent to that
of the English version, one inconsistency was detected after all
of the data had been collected. This inconsistency involved the
item pertaining to low deep voice. The specific wording for
this particular question in the Malaysian language was
“Mempunyai suara yang bernada rendah” and the literal
back-translation for this phrase was having a voice with low
tone. However, this translation appears to have been
misinterpreted by many of the Malaysian respondents as
meaning a soft quiet voice rather than the intended meaning
of a low deep voice. As a result, Table 2 shows that no signif-
icant gender differences in the Malaysians’ responses were
found for this item. Nevertheless, we are confident that Ma-
laysian males have significantly lower and deeper voices than
do females, just as is true elsewhere in human populations
(Evans et al. 2006; Lee et al. 1999; Puts et al. 2012).

Factor Analysis of the Androgen-Influenced Traits

To condense the measures of androgen-influenced traits, we
subjected both the Malaysian and the US samples to separate
factor analyses. Using orthogonal rotation, two factors
emerged for both samples with eigenvalues surpassing 1.00.
The loadings for each of the ten traits (nine in the case of
Malaysia) on these two factors are shown in Table 3. One
can see that their loadings were very similar.

For both countries, six traits loaded most heavily onto fac-
tor 1. These were r2D:4D, height, masculine mannerisms,
masculine body appearance, feminine body appearance, and
feminine mannerisms. Regarding the US sample, voice timbre
also loaded most onto factor 1 (while it was excluded from the
analysis for the Malaysian sample for reasons already
explained).

It should be noted that the r2D:4D ratio variable loaded
rather weakly onto factor 1 in both countries, although its sign
was as expected (i.e., negative, the same as for feminine body
appearance and feminine mannerisms). Most researchers have
concluded that 2D:4D is a low to modest biomarker of prena-
tal exposure to testosterone androgens (Breedlove 2010;
Hönekopp et al. 2006; Manning 2011; Manning et al. 1998;
McIntyre 2006; Putz et al. 2004; van Anders et al. 2006;
Voracek et al. 2007), although others have suggested that
2D:4D is not valid at least for inferring individual level expo-
sure to prenatal androgens (Berenbaum et al. 2009; Medland
et al. 2010). A view close to our own was offered by Hell and
Paßler (2011, p. 379) in which they described 2D:4D as “a
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very ‘noisy’ indicator” of prenatal androgen exposure. In oth-
er words, as an indicator of prenatal androgen exposure,
2D:4Dmeasurement appears to contain a great deal of random
error, but with sufficiently large samples, it can still be con-
sidered a valid indicator at a group level.

While recognizing its limited precision, we believe that
2D:4Dmeasurement, even when simply self-reported, is useful
for inferring group differences in perinatal androgen exposure
provided large samples are utilized (Manning and Fink 2008).
Furthermore, when our r2D:4D measure was part of a factor
analysis of nine other androgen-influenced traits, Table 3 shows
that two androgen factors emerge and that 2D:4D is modestly
associated only with the first of these two factors.

In naming the factors, we were guided by the assumption
that whatever factor r2D:4D was most heavily loaded upon
was almost certainly mainly tapping into prenatal testosterone
exposure. Also, we assumed that the emerging factors should
be similar for both countries sampled. Nevertheless, the pre-
cise names given to these factors are explained below.

Factor 1 The Bone Growth and Neurosexing (BGNS) Fac-
tor. The reasons for naming factor 1 the BGNS
factor were as follows: First, the traits that factor
1 loaded most heavily upon were those involving
height and sexually dimorphic appearance and

mannerisms.
Second, studies suggest that substantial sex dif-

ferences in finger length ratios are already present
at birth and even before (Galis et al. 2010). Never-
theless, male-female differences in 2D:4D continue
to diverge slightly more throughout childhood and
even adolescence (Galis et al. 2010; Trivers et al.
2006). Table 3 reveals that while r2D:4D did not
load heavily onto either factor (especially for the
Malaysian sample), its best loadings by far were
on factor 1. This presumably reflects the consider-
able random error associated with the present self-
report measure of r2D:4D added to the fact that
even the most precise r2D:4D measure is at best
only a rough indicator of prenatal androgen expo-
sure (Berenbaum et al. 2009; Hell and Paßler 2011;
Medland et al. 2010).

Factor 2 The Muscularity and Gross Motor Coordination
(MGMC) Factor. Table 3 indicates that for both
theMalaysian and the US samples, factor 2 is com-
prised of high loadings (well over 0.50) for the
same three traits: physical strength, muscularity,
and athletic ability. Sex differences in muscularity
and coordination are fairly minor throughout child-
hood (Malina 1978; Neu et al. 2002), but major sex

Table 2 Sex differences in the eight androgen-influenced traits according to country

Traits Country Males Females t p

Mean SD Mean SD

r2D:4D, self-reported Malaysia 2.58 1.07 2.86 1.11 −5.266 0.000

USA 2.25 0.91 2.65 1.01 −9.215 0.000

Physical strength Malaysia 6.73 2.27 6.45 2.26 2.638 0.008

USA 6.65 2.17 5.61 2.30 11.376 0.000

Muscularity Malaysia 4.75 2.53 2.64 2.55 17.485 0.000

USA 5.65 2.45 3.79 2.57 18.031 0.000

Low deep voice Malaysiaa 4.84 2.90 4.80 2.92 0.303 0.762

USA 5.74 2.68 1.79 2.58 36.481 0.000

Height Malaysia 169.77 6.99 158.23 6.11 35.065 0.000

USA 180.71 12.60 168.43 13.49 22.926 0.000

Athletic ability Malaysia 5.03 2.75 3.59 2.70 11.070 0.000

USA 6.63 2.60 5.02 2.95 14.263 0.000

Masculine body appearance Malaysia 8.00 2.37 0.96 1.92 65.445 0.000

USA 6.60 2.98 1.79 2.76 40.386 0.000

Masculine mannerisms Malaysia 8.53 2.05 2.32 2.66 57.367 0.000

USA 6.90 2.93 2.58 2.93 35.738 0.000

Feminine body appearance Malaysia 1.11 2.40 7.76 2.48 −57.388 0.000

USA 2.01 3.24 7.49 2.92 −42.806 0.000

Feminine mannerisms Malaysia 1.30 2.43 7.60 2.41 −54.786 0.000

USA 2.20 3.02 7.42 2.72 −43.624 0.000

a See the “Methods” section for an explanation for why low deep voice for the Malaysian sample failed to reflect a significant gender difference
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differences manifest themselves following puberty
(Buyken et al. 2009; Loos et al. 1997; Thomas and
French 1985). Sex differences in these three traits
are largely unexpressed until the onset of puberty
in response to the postpubertal surge in testoster-
one (Bhasin et al. 1996; Van Praagh et al. 1990;
Woodhouse et al. 2003). At puberty, androgen
levels surge especially for males, thereby produc-
ing major sex differences in muscularity and gross
motor coordination (Inglis et al. 2013; Temfemo
et al. 2009).

While exposure to high postpubertal androgens
promotes both bone growth and muscular growth,
the two forms of growth are still largely indepen-
dent events, especially within the sexes (Daly et al.
2004). Furthermore, twin studies indicate that sep-
arate autosomal genes control these two growth
processes (Seeman et al. 1996). For these reasons,
it is not surprising that a bone growth factor (factor
1) and a muscle growth factor (factor 2) were sta-
tistically distinguished.

While both factor 1 and factor 2 are derived
from the influence of prenatal androgens, Table 3
suggests that this is truer for factor 1. Nevertheless,
experiments with rats have shown that exposing
muscle tissue to high (male-typical) levels of pre-
natal androgens is a necessary precursor for the
activating pubertal surge in androgens to be maxi-
mally effective in strengthening the muscles fol-
lowing the onset of puberty (Breedlove and

Hampson 2002). In this regard, a recent study re-
ported that r2D:4D is inversely correlated with
physical strength even within males (Fink et al.
2006). Also, at least three studies have shown that
2D:4D is inversely associated with athletic ability
(Hönekopp and Schuster 2010; Manning et al.
2007b; Voracek et al. 2007). Consequently, it is
surprising to find almost no loading of our
r2D:4D measure onto factor 2.

Overall, at the heart of factor 2 are the traits of
physical strength, muscularity, and athletic ability,
all of which loaded above 0.70 for the Malaysian
sample and over 0.80 for the US sample. There-
fore, we named it the MGMC factor. Factor 1, on
the other hand, had more to do with bone growth
and sexual differentiation of appearance and man-
nerisms; thus, it was named the BGNS factor.

Data Analyses

t tests were used to compare gender differences in all eight
androgen exposure variables along with all 12 of the mate
preference variables. Factor analysis was employed to deter-
mine the underlying factor structure of the eight androgen-
influenced traits. The resulting two factors were then correlat-
ed with the 12 mate preference variables using Pearson corre-
lation and then using partial correlation in order to control for
gender.

Table 3 Factor loadings for the ten self-assessed androgen-influenced
traits using principle extraction method with orthogonal rotation (The
three italicized variables were expected to be in the opposite direction

relative to the remaining seven variables. The variable loadings that were
the highest for each factor are in bold)

Self-rated traits Rotated factor loadings, Malaysia Rotated factor loadings, USA

Factor 1: bone growth
and neurosexing

Factor 2: muscularity and
gross motor coordination

Factor 1: bone growth
and neurosexing

Factor 2: muscularity and
gross motor coordination

r2D:4D −0.116 −0.063 −0.326 0.018

Physical strength −0.103 0.769 0.085 0.835

Muscularity 0.333 0.743 0.226 0.851

Low deep voice Omitteda Omitteda 0.732 0.244

Height 0.687 0.147 0.416 −0.090
Athletic ability 0.185 0.768 0.119 0.811

Masculine mannerisms 0.865 0.224 0.822 0.256

Masculine body appearance 0.880 0.262 0.829 0.334

Feminine mannerisms −0.932 0.026 −0.873 −0.122
Feminine body appearance −0.922 0.055 −0.895 −0.071
Eigenvalues 4.143 1.619 3.997 1.631

aAs explained in the “Methods” section, low deep voicewas excluded from the factor analysis for the Malaysian sample because of poor phrasing of the
item used to measure this variable when it was translated from English to Bahasa Malaysia
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Results

Each of the five hypotheses are given separate attention in
numerical order.

H1 Gender Differences in Discriminatory Mate Prefer-
ences

According to ENA theory, females should be more
discriminating than males in choosing mates. This pre-
diction follows from the fact that females cannot escape
devoting more time and energy to successfully producing
an offspring, a fact that will favor females exercising
greater caution and discrimination in choosingmates than
is true for males.

Table 4 presents evidence bearing on this prediction.
It shows the average ratings given bymales and females
in both countries and t score measures of the extent to
which the average ratings differ according to gender.
Consistent with H1, females in both countries rated
many more of the 12 criteria for mate preferences
higher than did males. Out of the 24 comparisons (12

for each country), only four exceptions were found.
They were as follows:

1. Among the Malaysians, females expressed a stronger
desire for an emotionally stable mate than did males, al-
though the difference fell slightly short of statistical
significance.
2.No significant difference betweenMalaysian males and
females was present regarding their desires for a mate who
wanted to share a home and family.
3. For Malaysians, there was no significant gender differ-
ence in ratings of the importance of physical attractiveness
as a mate selection criterion.
4. In the US sample, males and females did not differ
regarding the importance they gave to their mates having
good mental and physical health.

Overall, in Malaysia, females rated 9 of the 12 traits as
significantly more important for choosing mates than did
males. In the USA, 11 of the 12 traits were considered
significantly more important by females than by males.
Putting results for the two countries together, the

Table 4 Sex differences in the 12 mate preference criteria according to country

Traits Country Males Females t p

Mean SD Mean SD

Good financial prospects Malaysia 6.95 2.70 7.97 1.98 −7.97 0.000

USA 6.50 2.59 7.25 2.25 −6.98 0.000

Personality compatibility Malaysia 7.89 2.26 8.16 1.91 −2.45 0.014

USA 8.66 1.74 8.86 1.58 −2.69 0.007

Emotional stability Malaysia 7.94 1.99 8.13 1.98 −1.79 0.074

USA 7.75 2.03 8.20 3.08 −4.09 0.000

Having similar religious views Malaysia 7.92 2.55 8.24 2.39 −2.53 0.012

USA 5.90 3.54 6.97 4.23 −6.42 0.000

Intelligence and education Malaysia 7.38 2.25 7.90 2.00 −4.67 0.000

USA 7.79 1.94 8.27 2.67 −4.85 0.000

Sense of humor Malaysia 7.50 2.25 7.96 2.04 −3.97 0.000

USA 8.69 1.62 8.84 1.58 −2.13 0.033

Compatible family background Malaysia 6.92 2.69 7.38 2.42 −3.41 0.001

USA 5.92 3.10 6.57 2.84 −4.98 0.000

Chastity (fidelity) Malaysia 8.78 1.98 9.09 1.69 −3.15 0.002

USA 6.73 3.26 7.87 2.96 −8.36 0.000

Desire for a home and children Malaysia 8.44 2.29 8.52 2.16 −0.73 0.467

USA 7.87 2.49 8.40 2.28 −5.45 0.000

Ambition and industriousness Malaysia 8.34 2.02 8.82 1.75 −4.86 0.000

USA 7.75 2.09 8.46 2.27 −7.44 0.000

Physical attractiveness (good looks) Malaysia 7.61 2.31 7.54 2.11 0.64 0.524

USA 8.11 3.48 7.26 1.98 6.71 0.000

Good mental and physical health Malaysia 8.38 2.01 8.61 1.85 −2.33 0.020

USA 8.56 1.63 8.47 1.55 1.34 0.182
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proportional gender differences were statistically signifi-
cant: χ2=9.375, df=1, p=0.002 (Yates adjusted).

H2 Female Bias Toward Loyalty and Resource Procure-
ment Capabilities

ENA theory predicts that females should be inclined to
focus on traits of prospective mates indicative of loyalty
and the ability to procure resources to a greater extent
than do males. Table 4 provides evidence pertaining to
this prediction. It reveals a modest degree of support for
the hypothesis when one examines the strength of the t
scores. For theMalaysian students, the two strongest gen-
der differences involved good financial prospects and
ambition and industriousness. Predictably, females rated
both of these traits as being significantly more important
than did the males. Other noteworthy traits that females in
Malaysia rated significantly higher than did males were
personality compatibility and chastity. One could argue
that this would be so given that they both are indicators of
long-term loyalty.

In the US sample, the trait for which the greatest gen-
der difference was found with females providing the
highest ratings was chastity. Theoretically, this could be
reflecting the tendency for females to emphasize loyalty
among the mates they choose. The next two greatest gen-
der differences, again favored females, went to the traits
of ambition and industriousness and good financial
prospects, which one can assume to be indicators of being
good resource provisioners. The fourth greatest gender
difference among the US sample involved physical
attractiveness, the only trait that was significantly differ-
ent with male ratings being higher that the ratings by
females.

Also worth noting in connection with a mate’s ability
to effectively provision is that females in both countries
rated intelligence and education as being significantly
more important than males did as a mate choice criterion.
Overall, Table 4 provides general support for H2 in both
Malaysian and the US samples. The main exception is
that no significant gender difference was found in the
Malaysian sample regarding the importance of physical
attractiveness as a mate choice criterion.
H3 Male Bias Toward High Reproductive Potential

ENA theory leads one to hypothesize that to the extent
males are favored for being choosey in mate selection,
their focus should be primarily on indicators of high re-
productive potential. The two most obvious indicators of
reproductive potential utilized in the present study were
those of physical attractiveness and overall health. As one
can see by examining Table 4, physical attractiveness and
good mental and physical health are the only two traits
for which male ratings were higher than female ratings in
three out of four cases.

The specifics for Malaysia are as follows: In the case
of physical attractiveness, males were slightly, but not
significantly, higher than females in rating this trait as
being an important mate preference criterion. However,
the trait of good mental and physical health was actually
rated as being significantly more important to Malaysian
females as a criterion for mate selection than it was to
males. While somewhat contrary to theoretical expecta-
tions, it could be again reflecting the greater tendency by
females to be discriminating in all ways with the excep-
tion of their prospective mate’s physical attractiveness.

In the case of the US students, as theoretically predict-
ed, males regarded physical attractiveness as more im-
portant for mate preference than did females. US males
also considered good mental and physical health more
important than did females, although the difference was
not statistically significant. Overall, assuming that physi-
cal attractiveness and good mental and physical health
are both indicative of reproductive potential, H3 was only
modestly supported by our data. However, if physical
attractiveness is considered the only real indicator of fe-
male reproductive potential, then our data are supportive
of H3.
H4 Androgens and Overall Mate Preference Strength

As an enhanced evolutionary theory, the most novel
feature of ENA theory is that it combines assumptions
about neurohormonal processes with those involving nat-
ural selection. Specifically, androgens are hypothesized
to be the main biochemical mechanisms whereby evolu-
tion has produced gender differences in the brain (and
thereby in cognition and behavior). If so, low exposure
to androgens should be associated with all manner of
feminine traits. Conversely, high androgen exposure
should correlate with all forms of masculine traits. These
deductions should hold for evolved mate preferences.

Table 5 presents evidence bearing on H4. Specifically,
regardless of an individual’s gender, female-typical pref-
erences should be more pronounced than male-typical
preferences. This means that androgen exposure should
be inversely correlated with the tendency to be unusually
discriminating in one’s mate preferences with the excep-
tion of preferences having to do with fecundity.

The column for factor 1 shows that most of the corre-
lations for both countries are statistically significant and
in the expected directions. In other words, except for
good mental and physical health and physical
attractiveness (to be discussed under H5), the vast major-
ity of correlations indicate that low exposure to andro-
gens (which is female-typical) is associated with in-
creased tendencies to be choosey in mate preferences.
One can see that the patterns were clearly present when
males and females were analyzed together (coefficients
outside the parentheses). When the correlations were
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performed after statistically controlling for gender (coef-
ficients within the parentheses), the bulk of the coeffi-
cients were still highly significant among the Malaysian
sample. For the US sample, 8 of the 12 coefficients were
no longer statistically significant, although most of them
remained negative in direction. Thus, H4 was confirmed
regarding factor 1, especially regarding the Malaysian
sample.

A very different picture emerges when one examines
the column for factor 2. It indicates that high levels of
muscle-promoting androgen exposure are associated with
increased, not decreased, tendencies to express highly
discriminating mate preferences. Thus, androgen expo-
sure associated with the MGMC factor appears to affect
mate preferences in a very different way than the andro-
gen exposure responsible for the BGNS factor.
H5 Androgens and Mate Preference for Health and Phys-
ical Attractiveness

According to ENA theory, high androgen exposure
should diminish an individual’s tendencies to be selective

in choosing mates except in the case of selecting mates
who are high in reproductive potential (fecundity). In
terms of the 12 criteria used in the present study, the main
traits indicative of fecundity would be good mental and
physical health and physical attractiveness.

When discussing H4, we noted that nearly all of the
correlations between factor 1 and the assessed importance
of traits in mate preferences were inverse and statistically
significant, thus supporting the hypothesis. Regarding
H5, one can return to Table 5 to see that there are only
two exceptions under factor 1: good mental and physical
health and physical attractiveness for the US sample. In
the case of physical attractiveness, the association with
androgen exposure was statistically significant and posi-
tive rather than inverse for the US sample. For the good
mental and physical health criterion, the association was
slightly positive but nonsignificant. Overall, H5 is sup-
ported for the US sample. Regarding the Malaysian sam-
ple, however, the results for factor 1 failed to support H5

in that even after controlling for gender, significant

Table 5 Correlations between the two androgen-influenced factors and the 12 criteria for mate preferences according to country without and with
gender controlled

Mate preference
trait

Country Factor 1: bone growth and neurosexing
factor (high values = high androgens)
(parentheses: gender controlled)

Factor 2: muscularity and gross motor
coordination (high values = high androgens)
(parentheses: gender controlled)

Good financial prospects Malaysia −0.235**** (−0.120****) 0.099**** (0.143****)

USA −0.185**** (−0.123****) 0.120**** (0.153****)

Ambition and industriousness Malaysia −0.172**** (−0.163****) 0.151**** (0.173****)

USA −0.202**** (−0.111****) 0.133**** (0.170****)

Compatible family background Malaysia −0.148**** (−0.163****) 0.162**** (0.175****)

USA −0.181**** (−0.143****) 0.152**** (0.175****)

Desire for a home and children Malaysia −0.104**** (−0.185****) 0.172**** (0.183****)

USA −0.156**** (−0.083***) 0.102**** (0.136****)

Personality compatibility Malaysia −0.089*** (−0.101****) 0.095**** (0.132****)

USA −0.068** (−0.022) 0.041 (0.060*)

Intelligence and education Malaysia −0.180**** (−0.167****) 0.146**** (0.169****)

USA −0.097**** (−0.039) 0.045 (0.068)

Emotional stability Malaysia −0.083*** (−0.100****) 0.087*** (0.114****)

USA −0.076*** (−0.025) 0.019 (0.029)

Having similar religious views Malaysia −0.151**** (−0.197****) 0.146**** (0.171****)

USA −0.111**** (−0.022) 0.041 (0.085***)

Sense of humor Malaysia −0.139**** (−0.113****) 0.114**** (0.132****)

USA −0.069** (−0.034) 0.127**** (0.143****)

Chastity (fidelity) Malaysia −0.121**** (−0.094****) 0.091**** (0.110****)

USA −0.139**** (−0.031) −0.033 (−0.001)
Good mental and physical health Malaysia −0.111**** (−0.151****) 0.180**** (0.203****)

USA 0.005 (−0.002) 0.155**** (0.158****)

Physical attractiveness (good looks) Malaysia −0.066* (−0.164****) 0.226**** (0.228****)

USA 0.122**** (0.041) 0.184**** (0.164****)

Significance levels: *<0.05; **<0.01; ***<0.005; ****<0.001
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negative correlations remain between preferences for
both physical attractiveness and for good mental and
physical health as mate choice criterion.

If one turns attention to factor 2, Table 5 provides
support for H5. Specifically, while factor 2 appears to
promote discriminating tendencies for nearly all of the
traits used in choosing mates (as discussed above in con-
nection with H4), this tendency was especially strong for
physical attractiveness. For both countries, these coeffi-
cients are higher than for any of the other mate preference
criteria. This indicates that both males and females who
are exposed to high MGMC androgens are especially
inclined to focus on physical attractiveness as a mate
selection criterion.

Discussion

In recent years, the application of evolutionary theory to the
social sciences has opened these disciplines up to many inno-
vative ways of thinking (Crawford and Krebs 2012; Mesoudi
2011; Wiley and Poston 1996). Nevertheless, a number of
social scientists have criticized these applications for lacking
empirical testability (e.g., Simon 1980; Vergne and Durand
2010). Such a criticism is rooted in the fact that, unlike evo-
lutionary explanations for anatomical traits that can often be
tested with fossil evidence, evolutionary explanations of cog-
nitive and behavioral traits can almost never be tested this
way.

Several enhancements of Darwin’s (1859) theory of evolu-
tion by natural selection have been proposed to help explain
gender differences in mating preferences and related behavior.
As reviewed by Tappé et al. (2013), these include Kenrick and
Trost’s (1987) “good gene” theory (also see Kenrick et al.
2006), Buss and Schmitt’s (1993) sexual strategy theory
(SST), Gangestad and Simpson’s (2000) strategic pluralism
theory, Apostolou’s (2007) parental selection theory, and Puts’
(2010) intrasexual selection theory. However, none of these
theories explicitly incorporates neurohormonal concepts into
their arguments.

ENA theory was initially formulated to account for univer-
sal tendencies for males to be more criminal and antisocial
than females (Ellis 2003, 2005) and later extended to explain
all universal sex differences in behavior (Ellis 2011a, b). The
theory’s most unique feature is that it links the concept of
natural (including sexual) selection with hormonal and neuro-
logical concepts. In other words, rather than simply using
evolutionary logic to explain sex differences, or even adding
assumptions about genetics to Darwin’s original theory (as in
the modern synthesis), ENA theory asserts that genes for neu-
rohormonal variables have evolved to produce sex differences
in many traits. As a result of this conceptual linkage, ENA

theory leads one to expect that male and female brains have
adapted the sexes to their respective reproductive roles. Males
are hypothesized to be neurohormonally adapted for seeking
to mate with multiple partners, especially if these prospective
mates appear to be fertile, while females are neurohormonally
adapted for restricting their mating activity to loyal partners
capable of long-term resource provisioning (Ellis 2001;
Townsend et al. 1995; Trivers 1972).

Once genes for androgens (and their metabolites) are
envisioned as essential players in the evolution of gender dif-
ferences in traits, one can deduce that because androgen ex-
posure varies even within both sexes, within-sex variations
will also exist in the traits for which there are average gender
differences (Ellis 2011b). From this reasoning, numerous test-
able hypotheses flow. Put another way, if ENA theory is true,
associations between androgens and behavior, even within
each gender, should be detectable that mimic the between-
gender differences for the same behaviors. For instance, the
theory asserts that if males universally score higher than fe-
males on trait-X, then trait-X must have been naturally (in-
cluding sexually) selected and androgens must be responsible
for enhancing trait-X. If this latter deduction is true, one
should find a positive correlation between trait-X and andro-
gen exposure even within samples of males and females. As
explained below, this latter assumption provides an especially
strong challenge to social scientists who continue to rely on
social role and stereotype concepts to explain male-female
differences in behavior.

Challenging Social Environmental Theories

Many social scientists still subscribe to theories that attribute
all (or nearly all) sex differences in behavior to social traiting,
stereotypes, and other sociocultural factors (e.g., Eagly 1997,
2013; Eagly and Wood 1999; Fausto-Sterling 1992). When
called upon to account for why many sex differences in be-
havior are culturally universal, one feminist writer offered the
following argument: “[T]he entire population of the world all
evolved from a small progenitor stock” and universal behav-
ioral sex differences “have been faithfully passed down a
thousand times over” ever since (Fausto-Sterling 1992, p.
199). In other words, according to Fausto-Sterling, sex differ-
ences in behavior can be culturally maintained without being
naturally selected. Doubters of such an explanation point to
the tremendous diversity in cultures (including languages) as
evidence that cultural universality in any aspect of human
behavior requires more than a “founder effect” to be passed
down a thousand times over in a single culture, let alone in all
cultures. Nevertheless, Fausto-Sterling’s explanation illus-
trates that it is possible to explain universal sex differences
in behavior without mentioning natural selection.

Other social environmentalists have espoused what is
known as social role theory. This theory explains sex
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differences in behavior by arguing that most sex differences
are small. Then they point to the fact that the extent to which
each sex differences exists varies from one culture to another
(Eagly 1997, 2013; Eagly et al. 2000). From this line of rea-
soning, social role theorists can point to widespread cultural
stereotypes about sex differences and to the sex role sociali-
zation practices that reinforce these stereotypes generation af-
ter generation (Eagly and Wood 1999; Eagly 2013). With
these concepts, social role theorists are able to weave scenar-
ios about how nearly every sex differences in behavior has
come to be (Eagly 1997; Eagly and Wood 1999). With no
fossils to challenge these explanations, social role theory re-
mains credible to many if not most social scientists (e.g.,
Bettencourt and Miller 1996; Evers and Sieverding 2013;
Franke et al. 1997; Harrison and Lynch 2005; Williams et al.
2010).

Parenthetically, social role theory’s continued popularity
also results from it being more compatible than evolutionary
theory is with an egalitarian political-moral philosophy. Also,
studies have shown that a wide swath of the social science
community along with people in general prefers to attribute
social problems and inequities (including those between the
sexes) to sociopolitical factors rather than to biological factors
(Diekman and Schneider 2010; Judge and Livingston 2008;
Ridgeway 2006; Sanderson and Ellis 1992).

Setting political-moral issues aside, ENA theory adds a
new dimension to empirically testing evolutionary explana-
tions of universal sex differences in behavior. These tests are
derived from the theory’s assumption that if evolution is the
“ultimate” cause of a given sex difference in behavior, then
brain exposure to androgens must be a major “proximate”
cause of the behavior. From this enhancement of traditional
evolutionary accounts, one can deduce that even intrasex dif-
ferences in universal sex differences in behavior should be the
result of brain exposure to androgens. There is noway tomake
a similar prediction with social role theory. Therefore, social
role theorists must do more to (in their minds) dismiss evolu-
tionary explanations for sex differences in behavior than argue
that these explanations are “after-the-fact just-so stories”
(Gowaty 2003; Holcomb 1996). To dismiss ENA theory,
critics must also demonstrate that neurohormonal factors are
not contributing to the behavior in question even as those
differences exist within each gender.

Instead of simply pitting the concepts of natural selection
and sexual selection against the concepts of sex roles and
stereotypes to account for sex differences in behavior, ENA
adds neurohormonal concepts to its Darwinian scaffolding.
While the relevance of neurohormonal variables for studying
sex differences in behavior has been recognized as important
by evolutionary psychologists for many years (e.g., Daly and
Wilson 1978; Geary 2010; Low 2001; Mealey 2000), these
variables have never before been explicitly interwoven with
evolutionary arguments. Because it makes the link between

evolution and neurohormonal proposition inseparable, ENA
theory is more falsifiable than evolutionary theory is on its
own. Nonetheless, it should be noted that ENA theory can
only be applied to the study of traits for which sex differences
have been demonstrated (or are at least suspected) as being
universally present in human societies.

ENA theory gives evolutionary arguments additional cred-
ibility by showing that biology can explain universal sex dif-
ferences in behavior not only in terms of differential reproduc-
tion but also in terms of evolved neurological and hormonal
mechanisms. Furthermore, ENA theory even predicts that one
can check the relevance of hormonal factors by making com-
parisons both between and within each sex. Put another way,
ENA theory posits that any sexually dimorphic trait that is
present across cultures has not only been naturally (including
sexually) selected, but is also due to differential brain expo-
sure to androgens, i.e., “male hormones,” and their metabo-
lites (Ellis 2011a, b). This premise is supported by evidence
that many gender differences in preferences and behavior have
evolutionary underpinnings (Kokko et al. 2003; Ryan and
Rand 1993; Wiley and Poston 1996) but are also orchestrated
by neuroandrogenic factors (Geary 2010; Hines 2006; Kimura
1992).

Hypotheses Examined

The present study tested five hypotheses, three of which were
evolutionary in nature and two had to do with hormonal fac-
tors. H1 predicted that females would be more discriminating
in choosing mates than males. Consistent with this prediction,
most of the 12 criteria listed for mate selection were rated as
more important by the female respondents (75 % for Malaysia
and 92 % for the USA). This conforms to evolutionary argu-
ments that reproductive choices are more consequential for
females than for males.

H2 predicted that females would focus more than males on
the resource-provisioning prospects of a potential mate. Con-
sistent with expectations, the greatest gender differences in
ratings in Malaysia were for good financial prospects and
ambition and industriousness, with females surpassing males
in their ratings of both traits. The US sample provided some-
what less support for H2 since only ambition and
industriousness was significantly more important to females
than to males.

The evidence bearing on H3—that males would have great-
er interest than females in traits indicative of a prospective
mate’s reproductive potential—received partial confirmation.
In the US sample, physical attractiveness was rated more im-
portant to males than to females. However, there was no gen-
der difference in the rated importance of good mental and
physical health as mate selection criteria. In the Malaysian
sample, females considered good mental and physical health
more important than did males, and there was no gender
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difference among Malaysians on ratings of the importance of
physical attractiveness.

H4 stated that low exposure to androgens would be associ-
ated with preference for female-preferred traits, as established
regarding H1. Theoretically, H4 should hold even after con-
trolling for gender and should be especially strong for traits
indicative of loyalty and resource procurement capabilities.
Consistent with this hypothesis, in the samples drawn from
both countries, factor 1 was inversely associated with nearly
all of the mate preference traits to significant degrees even
after controlling for gender. Regarding the traits that are most
indicative of loyalty and resource procurement capabilities,
the evidence is generally supportive given that three of the
four strongest correlations with factor 1 for both countries
involved good financial prospects , ambition and
industriousness, and intelligence and education.

According to H5, high prenatal androgen exposure should
be associated with preference for male-typical traits. Table 5
provides support for this hypothesis in the case of the US
sample, but very little regarding the Malaysian sample. Rather
surprisingly, Table 5 suggests that all forms of mate discrim-
ination (i.e., both male-typical and female-typical) are ampli-
fied by exposure to androgens that enhance muscle growth
and motor coordination (factor 2). In other words, for both
sexes in both countries, high androgen exposure associated
with muscularity and gross motor coordination was associated
with being choosy regarding nearly all types of mate charac-
teristics. Nevertheless, as expected, the trait that correlated
most strongly with high factor 2 androgen exposure involved
preferring mates who were physically attractive.

The Androgen Factors

The present study would not have been possible without a way
of inferring variations in androgen exposure. In recent years, a
common way of making such an inference has involved mea-
suring the relative length of the second and fourth fingers,
known as 2D:4D (e.g., Galis et al. 2010; Manning et al.
2013).While recognizing its basic validity, several researchers
who have utilized 2D:4D measures note that it lacks precision
(Hauth et al. 2014, p. 491; Hell and Paßler 2011; Medland
et al. 2010). Studies can at least partially overcome 2D:4D’s
lack of precision by using large samples (Manning and Fink
2008)—which the present study did—but we also decided to
try to improve measurement further by factor analyzing our
2D:4D along with nine other androgen-influenced traits.

We consider this approach to be superior to making infer-
ences about androgen exposure from a one-time saliva or
blood sample in light of two established facts: First, testoster-
one levels were very considerably even over the course of a
single day, let alone variations occurring over longer periods
of time (Ellison and Panter-Brick 1996; Hirschenhauser et al.
2002; Vitzthum et al. 2009). Second, nearly all of the effects

that testosterone has on brain functioning require weeks or
even months to be consequential during fetal development
(Lombardo et al. 2012) and seem to require months or even
years to impact brain functioning in the case of postpubertal
exposure (Granger et al. 2004).

In light of the extended time frames over which testoster-
one produces measurable effects on brain functioning, it is
difficult to make inferences about brain effects using one-
time blood or saliva assays (Granger et al. 2004). Also, evi-
dence has increasingly indicated that it is prenatal testosterone
rather than postpubertal testosterone that has the most endur-
ing effects on brain functioning (and thereby on behavior)
(Earl Gray et al. 2006; Thor and Holloway 1985). In other
words, androgens have their most permanent effects on traits
prior to birth (when the brain is being fundamentally formed),
and the effects of postpubertal exposure to androgens are
largely limited to simply engaging and accentuating whatever
predispositions were established prenatally (Evuarherhe et al.
2009; Schulz et al. 2009).

We believe that the approach taken in the present study of
factor analyzing several known androgen-influenced physio-
logical traits provides a promising alternative to estimating
androgen exposure with (a) one-time androgen samples and
even (b) 2D:4D by itself. But others need to independently
investigate this possibility.

The two factors that emerged from factor analyzing the
androgen-influenced traits were a challenge to precisely name.
We initially thought that factor 1 could be identified as a pre-
natal androgen factor and factor 2 a postpubertal androgen
factor, given that r2D:4D only loaded onto the first factor
(albeit modestly). However, in carefully scrutinizing the liter-
ature (as discussed in the “Methods” section), we eventually
decided to give the two factors names that precisely depicted
the actual traits each factor engulfed. This decision was pri-
marily based on concluding that prenatal androgens appear to
play critical roles in affecting all of the traits covered by both
factors, i.e., bone growth and neurosexual differentiation (fac-
tor 1) and musculature and athletic ability (factor 2). Never-
theless, additional studies are needed using an even greater
number of androgen-influenced variables to verify our con-
clusions about androgen factors.

Indirect Versus Direct Selection

As stated in the “Introduction,” ENA theory asserts that all
universal sex differences in cognition and behavior are due to
natural (including sexual) selection. A key qualification to this
assertion is that some universal sex differences may be indi-
rectly selected, rather than directly selected. An example
discussed in the “Introduction” involved the mental/
behavioral condition known as autism. Another widely stud-
ied condition could be depression, which is more common
among females than among males (reviewed by Ellis et al.
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2008, pp. 364–376). To illustrate how a sex difference in de-
pression could have evolved via indirect processes, Nesse
(2000) has proposed that the high concentration of depression
among females could be due to mild to moderate forms of
depression promoting female reproduction. In particular, fe-
males with evenmild forms of depressionmay be less likely to
pursue career activities that reduce their rates of reproduction.
Thereby, these women would pass their genes on at higher
rates than females with no depressive symptoms.

As noted earlier, male tendencies to exhibit autism more
than females could also have been naturally selected because
genes that promote autism could have been favored because in
mild forms, these genes promote occupational interests in en-
gineering and science that often made such males attractive to
females as capable resource provisioners (Baron-Cohen et al.
1997; Kanazawa and Vandermassen 2005).

Strengths and Limitations of the Study

The fact that we were able to test our hypotheses using large
sample sizes from two distinct countries bolsters confidence in
its findings. Nevertheless, some of the results were not the
same for the Malaysian and US samples, suggesting that more
research is needed. For instance, our failure to find a signifi-
cant gender difference in the assessed importance of physical
attractiveness as a mate selection criterion in our Malaysian
sample was surprising and at odds with our confirming the
well-established tendency for males to consider physical at-
tractiveness more important than females in the US sample.

Because ENA theory makes predictions about all universal
gender differences in cognition and behavior, the present
study is obviously limited in considering only a few of these
predictions, i.e., ones pertaining to mate preferences. Also, to
test key aspects of ENA theory requires being able to measure
androgen exposure, especially prenatal exposure. We chose to
base our measurement on respondents’ self-reports of various
androgen-promoted physiological traits, only one of which
was the 2D:4D ratio. Even this approach, however, has at least
two noteworthy limitations: First, according to ENA theory, it
is brain exposure to androgens, not peripheral exposure,
which influences gender differences in behavior. Obviously,
the fact that we based our measures of androgen exposure
entirely on peripheral indicators of exposure rather than neu-
rological indicators is a weakness. Nevertheless, studies have
indicated that brain exposure to androgens and overall bodily
exposure are positively correlated to a substantial degree
(Hrabovszky and Hutson 2002; Swerdloff et al. 1992).

Second, the androgen exposure measures used in this study
were all derived from self-reports rather than from either as-
says of blood or saliva or actual physical measurements by
trained observers. While it would be informative to have had
these more direct androgen measurements, doing so would
have been costly, invasive, and would have compromised

the anonymity of the study participants. Furthermore, we ac-
tually doubt that blood or saliva assays would have been su-
perior to the self-report measures herein utilized for the fol-
lowing reasons:

1. ENA theory pertains to the effects of long-term androgen
exposure (i.e., at least weekly or monthly), not the effects
of short-term exposure (i.e., hourly or daily). Obtaining
blood or saliva samples only provides short-term expo-
sure measurement. While momentary androgen levels are
likely to positively correlate with long-term exposure
levels, physiological traits as masculine and feminine
mannerisms, 2D:4D ratios, and depth of voice are more
likely to reflect the effects of long-term androgen
exposure.

2. Regarding the two stages of androgen exposure, ENA
theory asserts that prenatal levels are more important for
permanently sexing cognitive and behavioral traits. Saliva
or blood assays following puberty may well correlate with
prenatal levels, but onlymodestly, in all likelihood (Forest
2008).

The above reasoning led us to conclude that rather than
obtaining a single peripheral measure of androgens in saliva
or blood, it was preferable to estimate androgen exposure with
multiple physical traits that are known to be androgen-
influenced and then factor analyze the results. We were en-
couraged in this regard by the discovery that a two-factor
solution arose in our samples from both countries. Neverthe-
less, the fact that we used mainly peripheral measures rather
than neurological measures remains a weakness in our study
since ENA theory asserts that it is brain exposure that is re-
quired to alter cognitive and behavioral traits.

Also, because we relied on self-reported information to
measure our androgen-influenced traits, and used these traits
to construct our androgen factors, it is possible to offer a
strictly social (nonbiological) explanation for our findings.
The pattern of such an explanation would be as follows:
Men who perceive themselves to be unusually feminine
(e.g., to be at least somewhat feminine in appearance and
mannerisms) might coincidentally gravitate toward holding
relatively feminine attitudes regarding what they desire in
terms of a prospective mate. For instance, these self-perceived
“feminine males” might prefer males with good financial
prospects more than self-perceived “masculine males.” Like-
wise, women who perceive themselves to be unusually mas-
culine could gravitate toward mate preferences that are more
feminine than for females who perceive themselves to be un-
usually feminine.

However, we are inclined to doubt the above arguments
partly because one of the self-report measures used to con-
struct the two androgen factors was height, a trait that has been
shown to be reliably measured with self-reports. That is to say
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that self-reported height and objectively measured height have
been shown to correlate at 0.80 or above (Blais et al. 2013; Ng
et al. 2011). Unfortunately, other self-reported traits—partic-
ularly those involving the second factor (physical strength,
muscularity, and athletic ability)—do not appear to have been
investigated regarding their consistency with actual physical
measurements. Ultimately, the only certain way to determine
if socially constructed self-perceptions can explain our find-
ings would be to conduct one or more studies in which andro-
gen exposure is assessed primarily using a variety of physio-
logical measures and then compare these objective measures
to self-report measures.

Another limitation of the present study involved our failure
to utilize a more exhaustive list of criteria by which males and
females might express preferences for mates. For example, it
would have been informative to have included traits such as
an active sex life and compatible political views as criteria for
choosing a mate. Nevertheless, with the criteria that were in-
cluded, we were able to show that numerous relationships
between mate preference criteria and varying degrees of ap-
parent exposure to androgens exist, even within each gender.

Finally, there may be substantial ethnic/racial differences in
androgen exposure and in how this exposure impacts sexually
dimorphic traits (Ellis and Nyborg 1992; McIntyre 2006; Per-
ry and Martin 2014). While the confounding effect of ethnic/
racial differences in androgen exposure calls for more research
attention, its relevance to our study was somewhat diminished
by analyzing our results separately by country.

Conclusions

According to ENA theory, evolution has driven a semiporous
wedge between males and females in terms of preferences for
mates as well as many other cognitive and behavioral traits.
Since females must invest the most in each offspring con-
ceived, they have been favored for preferring mates who are
capable resource provisioners (Ellis 2001).Males, on the other
hand, focus their mate preferences on evidence of fecundity
(Gangestad and Simpson 2000). Predictions from this evolu-
tionary aspect of the theory were largely supported in the US
sample and moderately supported in the Malaysian sample.

ENA theory goes on to assert that this semiporous wedge is
orchestrated by genes that cause males to produce much
higher amounts of androgens than are produced by females.
These androgens operate throughout the body, including the
nervous system, thereby affecting numerous aspects of cogni-
tion and behavior (Ellis 2011b; Ellis and Hoskin 2015). While
neither the evolutionary element nor the neuroandrogenic el-
ement of ENA theory is unique, combining these two ele-
ments into a single theory of universal sex differences in cog-
nition and behavior is distinctive. Furthermore, ENA theory
allows one to infer that intragender variability in these
neuroandrogenic processes will produce intragender

variability in cognition and behavior consistent with average
between-gender differences in these traits. This latter infer-
ence makes ENA theory highly vulnerable to disproof.

Several recent studies have indicated that the prenatal stage
of androgen exposure is more crucial than the postpubertal
stage for producing permanent gender differences in brain
functioning (Auyeung et al. 2009; Baron-Cohen et al. 2005;
Hines 2006). Findings from the present study coincide with
this conclusion. In essence, low (female-typical) prenatal an-
drogen exposure appears to promote feminine-like mate pref-
erences—i.e., high discrimination but with a focus on a pro-
spective mate’s stability and resource procurement tendencies.
To a lesser degree, high (male-typical) prenatal androgen
seems to promote masculinized mate preferences—i.e., low
discrimination with a focus on a prospective mate’s fecundity
prospects. Both of these effects should be detectable not only
between males and females, but among them separately.

In closing, the first major enhancement of Darwin’s theory
came to be known as the modern synthesis. It marked the
merging of the concept of natural selectionwith the emerging
field of genetics (Huxley 1942; Mayr 1998; Rose and Oakley
2007). ENA theory dovetails with the modern synthesis by
arguing that gender differences in brain functioning have
evolved from genetic programs that sexually differentiate ex-
posure to sex hormones. The theory also asserts that in the
case of universal cognitive and behavioral sex differences,
female-typical preferences should be associated with low an-
drogen exposure and male-typical preferences should be as-
sociated with high androgen exposure even within each gen-
der. In the present study, general support was found for these
deductions. With more reliable measures of androgen expo-
sure, we believe that stronger associations are likely to
emerge.
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