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ABSTRACT

People vary in mate choice preferences end behavioUr, and these
individual differences may be adaptive. Such differences are
considered across three different time scales: the shorf-tefm, with
reference to olfactory stimuli; the m_edium-term, with reference to
the menstrual cycleﬁ and the long-term, with reference to.the
development of éttractiveness judgrhents during adolescence.

The olfactory stimulus androstadienone, a chemical constituent of
sweat and purported human pheromone, is shown to enhance
women'’s ratings of men’s attractiveness in the context of a speed-
dating event. Some evidence is also given for the influence of
androstadienone on women'’s perceptions of men’s attractiveness
rated in photographs and odour samples. Interactions between
androstadienone-linked attractiveness enhancement and male
mate quality gauged in terms of attractiveness and MHC

heterozygosity are also examined.

The high-fertility phase of the Menstrual cycle is shown to
correspond to increases in women’s attractiveness in a number of
different modalities. Unexpectedly, raters are not better at
selecting a recording of a woman as more attractive at high-fertility
when they have access to visual, vocal and dynamic information
compared with ‘more  limited single-channel information.
} Attractiveness changes may be more salient in' the face, and
irrespective of the menstrual cycle phase, facial attractiveness,
followed by body and speech attractiveness, are shown to predict
ratings of holistic individual attractiveness. Next, women'’s
judgments of men’s facial attractiveness are shown to trade off



absolute and relative quality in a hierarchical, context-dependent
manner, p'rivileging absolute quality for short-term relationships
and relative quality for long-term relationships. '

Adolescents’ attractiveness judgrhents _of purported cues of mate
quality in same-age stimuli are examined in a longitudinal study. .
Increased age is associated with higher ratings~of facial symmefry, |
averageness and femininity, with higher ratings of low - pitch in
~ boys’ voices, and with lower ratings of high pitch in girls’ voices.
This pattern is generally supportive of the hypothesis that
- children’s perceptions of genetic quality emerge as they become
Capable of reproducing. Pubertal devélopment itself controlling for
age is also shown to have significant effects on attractiveness
judgments, althOug‘h these demonstrate a mixed pattern; The
finding that even the youngest children in the sample rated facial
symmetry, averageness and femininity as attractive suggests that
‘these cues may provide non-sexual, social information. Increased '
or decreased exposure to same- and opposite-sex same-age
children,. by viftue of attendance at a mixed-sex compared with
single-sex school, or by the presence of siblings, is‘shown to have
mixed effects on facial and vocal attractiveness judgments. '

Finally,‘ resu'lfs are discussed in relation to the evolutionary
psychology research paradigm. It is argued that functionally-
motivated research assuming'adaptive variation across different

time scales is productive. -
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Ch-apter_ 1: An Intrqduction to

Attraction and Attractiveness

“Why does a particular maiden turn our wits so upside-
down? The common man can only say, Of course we
love the maiden, that beautiful soul clad in that perfect
form, so palpably and ﬂagmnﬂy made for all eternity to '
_ be loved! And so, probably, does each animal feel about
‘the particular things it tends to do in the presence of
particular ‘objects [.] To the broody hen the notion
would probably seem monstrous that there should be a
‘creature in the world to whom a nestful of eggs was not
the utterly fascinating and precious and never-to-be-too- |
~much-sat upon object which it is to her.” '

- William James (James 1890, p.261)

JarneS' famous quote reminds ns that' physical attractiveness is not
a property inherent to any individuel, but rather is a sensation
“constructed independently in the mind of each viewer. When we
. label someone ‘attfactive', this is a. short-hand way of saying that
people tend to agree on how to rate their features. This point, that
it ie the 'penceiver who attributes attractiveness, is important, since
it throws into focus two seemingly opposite but highly related
questions: if attractiveness is rated independently, then how is it
that peeple even of different ages, sexes, races, cultures and
sexual orientations tend to agree on the relative attractiveness of
others (Langlois et al. 2000)? And — on the basis that physical
- attraction 'plays a part in partner selection - why is it then that
people differ in their choice of partner? |
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Animal mate choice can be described’by.general biological
pnncrples shaped by the requrrements of adaptlve reproductive
choice. Culture does not exempt humans from these principles:

_biological adaptatron is still evident in their preferences and
behaviour. The past few decades have seen a general trend for
adaptive explanations of differences to be applied at increasingly
fine-grained levels: from spe‘cies, to local populations, to
ind'ividuals (Wilson 1998). Differences between individuals, as
much as differences between local populations or Species, may be .
biologically adaptive - (Qvarnstrém 2001). Differences  within
indiVid_uals may play a role in enhancing reproductive success,
both in non-human animals and, most pertinently for this thesis, in -
" humans. ‘ |

This thesis examines some principal systematic sources of within-
mdrvrdual variation in human mate choice. If within-individual
vanatron in choice is brologlcally meanlngful and reﬂects selection
for adaptive preferences, then we might expect to encounter its
existence across a range of contexts and time scales. Accordingly, -
this thesis will consider how individual mate preferences vary in
the short-, medium- and long-term time scales. It will report a
range of experiments that consider how human mate choice
changes according to cues available. |mmediately in the
environment, across the menstrual cycle, and during adolescence

Before going on to do this, it is necessary to mtroduce the field. To
“begin with, in subsection 1.1 below, the general biological
principles of mate choice are outlined, together with an explanation
vof why'and how we encounter these brinciples across species.
There will also be examples of how these principles play out in the
specific case of humans. These eXarn_ples are particularly
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important as they will reoccur frequently in the experiments
reported in the thesis. Next, in subsection 1.2, we will see how
individuals dlffer systematically in their choice of partners. This
' subsectlon will -focus on between-individual differences. The -
empirical meat of the thesis will not concern itself with these types
~ of differences, but they constitute an important méthodological and
theoretical  foundation for the experiments carried out, and.
accordingly will be reviewed in some detail. Finally, in subsection
1.3, 1 introduce the topic central to this thesis: WIthm lndlwdual
differences, and some of the ways in which they lnﬂuence human
mate choice. This variation will be divided up according to three
different time scales: the short-, the medium- and the long-term
_changes that may have systematic effects on human mate choice.

Agalnst this background of varlatlon in mate choice, subsection 1.4
explains how the thesis is structured, and the aims and objectives

of the series of experimenis undertaken. -

14 Who is the best partner?

111 Attractlon as adaptatlon
-The sensatlon of attraction, cousin to sexual desire, enables

humans to evaluate others in terms of how appropriate they are as
a reproductive partner (Symons 1995). The world over, people
assess attractiveness by evaluating indicators of the ability to
provide the genetic or material resources nécessafy for healthy
offspring (S'ymons 1995). In women, cues of high fertility, such as
youth, the 'hourglass' figure, and signs of health, are universally
desired; likewise, in men, signs of health, vigour, and resources
are sought (Buss 1994). Since replication of one's own genetic
material is crucually constrained by the select|on of an appropriate

partner in so far as mdnvuduals are free to exercise any degree of
3



choice in this matter, it is not surprising that the sensations which
- guide this choice bear the fi ngerprints of natural selection, in terms
| of heritable and complex desrgn The universality of human
attractrveness judgments arrses from the unlversahty of human
,requrrements in a mate.

Yet while we might all agree that the average model will tend to be
'- more aftractive than the average face on the street, there are also
clearly between-individual differences in how we' rate the
desirability of potential partners. Undoubtedly, partner choice
derives from a great deal more than physical traits. People tend to

marry someone similar to them in terms of age, nationality,
education and occupation (Jaffe & Chacon- Purgnau 1995).
: Opportunrty is also clearly essential; propinquity, or geographic
proximity, is one of the greatest predictors of marriage partner. The
imrrrense imp.'ortan‘ce' of a shared history, and the value placed
upon a suitable personality, character and other psychological
traits, are significant influences on partner choice (Arum et al.
~2008). Yet fascinatingly, all of this variance does not create

- sufficient noise to obscure the ways in which traits that are

| predpminantly physical aff_ect partner choice. Moreover, theorists
link some of these individual differences in prefererice for physical
traits to principles of optimal design. Differences in ihdivi’dual
assessment regarding who is ‘most attractive as a partner may .
arise not from individual miscalibrations - of whatever internal
mental apparatus assists in rating attractiveness, but may in some
instances constitute an adaptive solution to an individual problem
not “Who is the best partner?" but rather, "Who is the best partner
for me?"



Indeed, there are theoretical reasons why we might expect
between- or within-individual differences to constitute individually
optimal solutions. Evolutionary game theory (Maynard Smith 1979,
1982) can be used to formalise the advantages of various patterns
or strategies of behavidur within a population. As neatly
demonstrated by the *hawk’ and ‘dove’ division of strategies, for |
example, sometimes acting differently from your conspecifics can
give rise to the richest pey-offs. Natural selection is Sufﬁeiently
complex to instil sets of behaviour that vary from one individual to
the next withiri a singie 'species;. strategie differences in.
“reproductive  behaviour, contingent | upon differences in
merphology, have been noted in a range of species. For instance,
there exist many variations on the basic division between larger
males who' seek out females and cempete with other males more -
aggressively, and smaller ‘sneaker’ males who mate
opportunistically and covertly (review in Gross 1996). Pay-offs for
different reproductive stretegies may vary in relation to one’s own
phenotype, the local ecology and demography, one’s status in
relation to one’s conspecifics, and the operational sex ratio; all of
these factors have been demonstrated to affect reproductive
behaviour in one species or another (Gross 1996) The basic
| premnse of strateglc differences, that reproductive behaviour may .
be moulded by outside contingencies, has been applued to the
relationship between humans and their mating behavnour.

1.1.2 - Five abstract dimensions influencing mate choice’
- One main instigator of strategic' differences in partnership
' preferences derives - from  the differences in reproduetive‘
investment between males and females (Trivers 1972) Men are
able to limit their reproductlve mvestment at a bare minimum, to
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insemination, while the reproductive input of women requiresl
lengthy gestation and nurture of the child. At the individual level,
the consequences of reproductive choice can be serious. From the
“gene’s-eye” perspective (Williams 1966; Dawkins 1976), the
consequences of choice of reproductive partner are even greater:
they constitute  the difference between continuation and
annihilation. It -is not surprising that the 'tools used in partner
assessment, outlined next, are sophisticated and complex.

‘Overlying the basic differences between males and females is the
fact that individUais'differ in absolute terms in how desirable.they
are as a reproductive partner. Small differences in desirability can'
seem initially to be disproportionaliy related to reproductive
_consequences, particularly for males, whose mating success is
usually more variable t.han that of females. At one level, variation is
infinitely diverse: individuals may be highly ‘desirable because of a
fine set of tail feathers, a deep red skin coloration, or a solid

jawline. Yet this variation has been reduced to a set of more
abstract prmcrples in an attempt to unite what is attractive across
animal species. Making no especial claims to comprehensivity or
orthogonality, five main tranches that capture a good deal of that
variability are reviewed here. For eaCh. we will see how these
abstract principles apply across species; and then we will see
specific examples of how they play out in humans. Many of the
specific examples are introduced here because they will crop up
- over and again in. the experiments reported Iater and it is
important to make a theoretical case for their usage. Determinants
of physical attractiveness, then may be captured with reference to
ﬂuctuatrng asymmetry, indicators  of - |mmunocompetence

- averageness, health, and genetic heterozygosrty



First, symmetry is often attractive. In the absence of environmental

- . perturbations, the instructions in the genome of an individual would

give rise to a perfectly symmetrical phenotype (ignoring, of course,
plahned asymmetries, also known as directional asymmetry, such -
as the lobster’s claw, designed to appear only on one side of the -
body). The amount of fluctuating asymmetry (FA) in a phenotype
may act as an index of one aspect of genetic quality: the inherent
ability of the genotype to withstand developmental upsets (see -
Lens et al. 2002 for an overView); ThiJs, mating with more
symmetrical partners is likely to obtain herifable benefits for any
offspring. Although the relationship between symmetry and
reproductive quality has received much empirical éupport (Leung &
Forbes 19'96; Meller 1997), it is far from straightforward; for
instance, studies which manipulated environmental stress to
meaéure its effect on EA have shown that it may affect FA
generally, in relation to specific traits only, or not at all (review in
Bj’orksten et al. 2000). While FA appears not to be the universal
biometric anticipated by its earliest proponents, there still exists a |
Wealth of evidence that it has some (varying) relationship with
fitness across fnény taxa, providing useful information to
conspecifics and researchers alike (review in Lens et al. 2002). In
humans, symmétrical faces are preferred over asymmetric faces
(e.g. Rhodes et al. 1998; Mealey et al. 1999; Perrett et al. 1999;
Scheib et al. 1999; Little et al. 2001; vPen,ton-Voak et al. 2001).
This may not be due to symmetry per se: symmetrical faces are
preferred even when raters see only half the face (Scheib et al.
1999). The authors suggest that this may be because measurable .
| facial symmetry corresponds to other cues of attractiveness; these
may include skin health (Penton-Voak et al. 2001; Jones et al.
2004b) or masculinity (Little et al. 2008 but see Penton-Voak et al.
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2001). Further evidence for the correlation of symmetry with
genéral attractiveness comes from findings that higher levels of -
symmétry correlate positively with greater vocal attractiveness
(Hughes et al. 2002). Facial symmetry manipulations are used in
the experiments desbribed in Chapters 6 and 7. -

A second dimension of desirability as a partner derives from
markers of immunocompetence (Hamilton & Zuk 1982; Maynard
Smith 1985; Folstad & Karter 1992). The immunocompetence
handicap hypothesis épplieé the handicap pﬁnciplé (Zahavi 1975,
1977) to explain why markers of testosterone in males tend to be
attractive (Folstad & Karter 1992). Testosterone suppresses the
immune system (see e.g; Grossman 1984, 1985; Alexander &
Stimson 1988; Folstad & Karter 1992; Rantala et al. 2003). They
are thus a hahdicép to the bearei', and constitute an honest
marker, or index, of genetic qUality (Hamilton. & Zuk 1982; A
Maynard Smith 1985; Folstad & Karter 1992), since individuals of
lower quality cannot support their costs (Zahavi 1975, 1977); High
testosterdne levels do not go to fixation because of an ongoing
‘arms’ race’ betweén parasites' and fheir hosts (Dawkins & Krebs
1979). Despite a wide range of support for this theory, now
accepted by many as canonical, it has not achieved universal
acceptance; the occasional critics rangé from empiricists whose
data do not support the assertion that testosterone suppresses the
immune system (e.g. Klein et al. 1992) to theoréticians who point
to the Contradictory predictions of the immunocompetence
héndicap hypothesis: should . high-testosterone individuals have
stronger immune systems because they are able to overcome the
" handicap, or weaker immUne systéms but: an ability to thrive
nevertheless (Braude et al. 1999; Getty 2002)?
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Despite these criticisms, markers of high levels of testosterone in. .
‘males are often found" attractive (Folstad & Karter 1992). In
humans, testosterone levels covéry positively with muscular
developmént (e.g. Giorgi et al. 1999; Hansen et al. 1999), leading
" to more desirable body forms (e.g. Cohn & Adler 1992; Jackson &
McGill 1996; Lorenzen et al. 2004). Likewise, women tend to like
lower-pitched male voices (Collins 2000; Feinberg et al. 2005b;
Feinberg et aI._2006; Saxton et al. 2006). Differences in voice pitch
(or more strictly, fundamental frequency, of which pitch'.is the
peréeptual correlate) result from differences in the size and mass
of the vocal chords (Titze 1994; Meredydd et al. 1998), and

_ correspond negatively to differences in testosterone levels (Dabbs |
& Méllinger 1999; Evans et al. 2008) and positively to male
reproductive success (Apicella.et al. 2007). Women also prefer
dominant behaviour (Dabbs 1997; Mazur & Booth 1998; Tremblay
-et al. 1998), again associated with higher levels of testosterone
| (Mazur & Booth 1998; Tremblay et al. 1998; Swaddle & Reierson
2002; Rowe et al. 2004; Archer 2006). The effects of facial
markers of testosterone on preference present a slightly less clear
pictufe. Women have been showﬁ to prefer masculine faces
' (DeB}uine et al. 2006), where markers of facial ‘masculinity,
including a more prominent brow and cheekbones and a Iargér
chin (Grammer & Thornhill 1994), seem to develop under the
| influence of testosterone (Tanner 1978; Ehlow 1990; Enlow &
Hans 1996) and are associated with current levels of circulating
testosterone (Penton-Voak & Chen 2004). However, other studies
. have shown a preference for a dégree of femininity in male faces
(Perrett et al. 1998; Rhodes et al. 2000; Penton-Voak et al. 2004;
Jones et al. 2005a), perhaps because facial femininity is
associated with traits that make for good partners or parents
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(Perret_t et al. 1998). Experimental procedures may influence these
results to an extent; femininity preference appears Strbnger when
the stimuli are created using facial morphing techniques rather
than using real faces pre-rated for masculinity or femininity
(Rhodes et al. 2000). However, there is a range of evidence to
- support the position that higher testostérone levels may mediate
the allocation of mating effort or parenting effort (Archér 2006),
men with higher testosterone tend to have a larger number of
sexual partners, while iower testosterone is associatéd with the
support of a partner within a mohogamous relationship (Booth &
Dabbs 1993; Gray et al. 2002; Burnham et al. 2003; Mélntyre etal.
2006; van Anders et al. 2007; van Anders & Watson 2007; Peters
et al. 2008). |

It has been suggested that the hahdicap theory may also apply to
markers of the “female hormone”, oestrogen, in women (review in
Rhodes et al.- 2003a). Oestrogen is associated with the -
development of certain forms of cancer (Zeil & Finkle 1975; Colditz
et al. 1995; Service 1998; Rodriguez et al. 2001), but is desirable
in- women: high 'Ieyelé of oestrogen corres'pond poéitively with
increased reproductive potential (Stewart et al. 1993; Lipson &
Ellison 1996; Baird et al. 1997; Baird et al. 1999) and increased
female facial attractiveness and faci'al femininity (e.g. Law Smith et
al. 2007). The handicap theory has been less well developed in
females, perhaps because in most species they are the sex that
chooses rather than the sex that displays (Darwin 1871).
Manipulations of facial and vocal sexual dimorphism are used in
. the experiments reported in Chapters 5, 6 and 7.

A third dimension of desirability as a partner is derived with
- reference to averageness. Averageness is often associated with .
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_attractivenesé,' and may denote bhendtypic efficiency: in -a

- population, individuals who are more representative of that .

population are less likely to possess recessive genetic disorders
and more likely to be better adapted to the demands of the Ibcal _
environment (Symons 1995). Avérageness may also denote
genetic heterozygosity,_ which has associated health benefits
'-(Thornhill & Gangestad 1993), and is discussed in greater detail -
below. In humans, averageness has beven most -explored in
relation to faces, where it tends to be found attrabfive (Langlois &
: Roggman 1990; Grammer & Thornhill 1994; ‘Langlois et al. 1994, |

Rhodes et al. 1999; Rhodes et al. 2002; Rhodes et al. 2007;
though see Grammer & Thornhill 1994; Pollard et al. 1999). Some
recent studies also attempt to link vocal ‘éverageness' and
attractiveness (Riding et al. 2006). The role of 'aver.ageness in
attraction is hot wholly clear. The most attractive faces are not
always the most average (Alley & Cunningham 1991; Perrett et al.
1994), and fahiiliarify, which bears‘ upon averageness, is also
attractive outside of mate choice. and in evolutionarily novel
contexts (Halberstadt & Rhodes 2000; Rhodes et al. 2001; Rhodes
et al. 2003b; Cooper et al. 2006; Quinn et al. 2008). Further, some
aspect of the appeal of averageness may relate to ease of
neurological processing (Winkielman et al. 2006), although of
‘course this constitutes a proximate rather than ultimate
explanation (Tinbergen 1963) of its appeal. Manipulations of facial
averageness are used in the experiments reported in Chapters 6
- and?7.

- Fourthly, desirability as a partner may be influenced by health.
Good health suggests both direct and indirecf beneﬁts:A both that
the individual is less Iikely' to pass on infection at present; and also
~ that heritable components of the individual's immune system may
11



be more resistant to infection. In humans, ratings of perceived
health covary positively with attractiveness (Fink ét _a‘l. 2006) and
FA (Shackelfbrd & Larsen 1997). Attractiveness and actual health
have also been linked directly when colour photographs
(S'hackelford & Larsen .1999) but not monochrome photographs
(Shackelford & Larsen 1997; Kalick et al. 1998; Shackelford &
Larsen 1999)”are used. Although short-term ‘variation in health is
vl‘ikely to affect attractiveness, better.indides of general individual
healthiness may be testosterone levels, FA or aVerageness (see
e.g'. Thomnhill -& Gangestad 1999a; Rhodes et al. 2003a), and
.these may be the more parsimonious predictors of attractiveness.
indeed, there is a great deal of covariance between a healthy -
éppearance and the attractiveness of ‘facial symmetry, sexual
- dimorphism and averageness (Rhodes et al. 2007; Scott et al.
2008). :

" Finally, links have been made between attractiveness and the
major hisfocombatibility complex (MHC). The MHC, ‘sometimes
called the human leucocyte antigens (HLA) in humans, is the set of
'genes in vertebrates that code for immune response. MHC-
heterozygosity is controversially associated with health benefits
(see Apanius et al. 1997 and Penn & Potts 1999 for conflicting -
viewpoints). Heterozygous individuals have been found to be more
attractive relative to more homozygous individuals (Brown 1997,
1999). Diversity of the MHC may beheﬁt disease resistance, ‘by |
providing a ‘moving target’ for parasites, in a Red Queen-style’
arms race (Vén Valen 1973); by enhancing heterozygosity and
conseQuently the number of possibilities that the alleles available
will bé particularly well adapted to resisting local pathogens
(Doherty & Zinkernagel 1975); or by increasing the diversity
between»par‘ents, kin and offspring, such that individuals are less
12



likely to be vulnerable to those parasites that are adapted to infest
proximate individuals (see"‘l‘hornhill et al. 2003). Alterr_iatively, or
perhaps in addition, MHC dissimilarity may simply act as an index
-of ge'neral genetic dissimilarity, and so selecting mates with
dissimilar_.MHC ‘might simply assist in the avoidance of matings = -
with relatives and ‘consequont inbreeding depfessioh-(Brown &
'Eklund 1994; Potts et al. 1994), although :in humans other
'inbreeding-avoidanoé mechaniéms such as taboo seem likely also
to be inﬂuehtial. In hUmans, MHC heterozygosity is associated with
higher ratings of facial attractiveness and apparent health (Roberts
et al. 2005c), and with higher body odour ratings (Thornhill et al.
2003). Heterozygosity ié used to investigate preference in the
experiment reported in Chapter 3.

Each of these five abstract dimensions may be useful in that they |
can group together examples of attractive traits, while also
'.explaihing why such tréits are attractive. 'Individuals who exhibit
~ substantiations of these dimensions can in turn be subsumed by a
-more general term, that of' high genetic quality, a phrase that
encompasses ‘good genes’ (ébsolute quality) and ‘compatiblé
| genes" (relative quality) (Neff & Pitcher 2005). This phrase is useful
‘because of the hypothesis that attractive features advertise the
genetic quality of the bearer (Thornhill & Gangestad 1999a), and
indeed individuals who are attractive in one dimension tend to be

attractive in. others (review in Chapter 4).’ -

* Individuals differ in the extent to which they seek and value -
markers felafing to at least Some of these five dimensions of
genetic quality in ’their'_ partners (see subsection 1.1.2 below).
There are other ways in which individuals differ, however, that,
~while desirable, are not universally so, since they relate to
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between-individual  differences in'A genotype, - phenotype or
experienee.' Again, these between-individual differenees in
preference may fulfil a bielegical function. These are reviewed -
below .in subsection 1.2. Although these sorts of differences are
not the prirhe focus of the data chapters of the thesis, they present
useful preliminary information, set the scene for some of the.
controls and possible sourcee of variance in the later experimental -
findings, and demonstrate again how general Vbiological principles
may apply in the case of humans. We have seen how mate quality
may differ in absolute terms; we will ’novAv see -how mate quality
may differ in relative terms. | .

1.2 ~ Who is the best partner fer me? Variation
- between individuals |

. Systematic, between-individual differences in human mate choice
again illustrate generai biological principles. Among several
important aspects, two factors affecting humen mate choice are
discussed here: assortative mating, and mate choice with
referenee .Ato the MHC. These are chosen because they are
biological factors that are better-established in terms of their
~ effects, and also because they are relevant to. the ‘experimental

designs in Chapters 3 and 5.

Some of the earliest empirical work on individual differences in
- mate choice judgments came about from the long-standing folk
' obser\'/ati‘o'n that people tend to resemble their partners. Empirical
research shows that this type of positive assortative mating (also
known as *homogamy”) in humans exists both in psychological
and inbhysieal traits. Human partners tend to ’resembvle each other
in anthropometric, sociological and .demogrephic meaeures such
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as age, height, weight, .strength‘,v attractiveness, visual similafity as
rated by strangers, propensity to mental illness and ethnic
- background (for overviews and research see e.g. Spuhler 1968; -
Berscheid et al. .1971; Griffiths & Kunz 1973; Thiessen & Gregg |
1980; Merikangas 1982; Malina et al. 1983; Zajonc et al. 1987;
Hinsz 1989; Allison et al. 1996; Maes et al. 1998; Mathews & Reus
2001; Bereczkei et al. 2002; Bereczkei et al. 2004). Despite
reports of physical similarity between partners, experimental work
based on the éxperirhental, computer¥based manipulation of .
opposite-sex faces to increase self-resemblance has found a
greater level of complexity} in the ways that self-resemblance
affects ratings of attracti‘vehéSS. The earliest manipulation study

found a positive relationship between self-resemblance and
attractiveness, although it also found that the majority of this
positive relation.ship could be explained by the positive effect of
- averageneés on facial attractiveness (Penton-Voak et al. 1999b). A

fairly large study of attractiVeness_ ratings of male faces |
manipulated to resemble the rater showed that self-resemblance
increased attributions of trustworthiness, had no effect on

attractiveness for a long-term relationship,v and aptually decreased |
 attractiveness for a short-term relationship (DeBruine 2005).
'Howevver, preferences for self-similarity in both same- and
opposite-sex faces have been demonstrated elsewhere (DeBruine
2004; DeBruine et al. 2005). Repofts of physical similarity within
- real-life couples may represent a,_trade-o'ff' between attractiveness
and trustworthiness in a partner (DeBruine 2005; DeBruine et al. -
2008). |

While social and cultural stratification undoubtedly accounts for

some of the noted homogamy, there may also be more general

biological forces ‘at work; assortative méting has Dbeen
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demonstrated in a number of taxa (e.g. Cooke 1976; Davis.&
O'Donald 1976; Bateson 1978; Cdoke 1978; Moravec et al. 2006).
~ Research on assortative mating in humans has investigated where
“it is found, and also whether it is similar to the imprinting
mechanisms demonstrated in sheep, goats, and birds (e.g. Oetting
et al. 1995; Vos 1995; Kendrick et al. 1998), or to self-referent
phenotype matching (seeking out mates who resemble one’s self)
as demonstrated in peacocks (Petrie et al. 1999).

Investigation of visual trait preference in humans suggests there is
a stronger component of something akin to ‘imprinting’; and a,
lesser component of self-referent phenotype matching. - Two
studies of real-life marriage choices have shown greater similarity
between a target's spouse and his or her opposite-sex parent than
between the target and his or her spouse (Bereczkei et al. 2002;
Bereczkei et al. 2004). The second of these studies used adoptive
families to control for target-parent resemblance, although this
- does not entirely solve the problem; people report greater .
willingness to) favour or adopt children who resémble them (Platek
et al. 2002; Bressan et al. 2008). There was also evidence for a
small degree of physical similarity between the adopted daughter -
and her husband, ie., ‘own-ph'enotype’ matching (Bereczkei et al.
2002). Another study on visual characteristics, this time on hair
and }eye colour, found that opposite-sex parental characteristics
were most important in predicting partner characteristics (i.e.
imprinting’ effects); there was also evi.dence'for some self-referent
~ phenotype matching for hair and eye colour (ie. ‘oWn-phenotype’}
-matching) (Little et al. 2003). In the olfactory modality, one study |
found that_ women preferred body odours associated with the set of
immune-system encoding genes inherited from their fathers 5Ut
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not their mothers (Jacob ét al. 2002b), although this study was a
little limited by its small sample size. '

- The term “imprinting” may not be the best ‘descriptor of the
process; we should perhaps refer to these effects in humans as
forms of social Iearning, or familiarisation (McFarland 1993) since
the term imprinting usually denotes a bout of fixed and irreversible
learning within a limited sensitive period, whiCh_do'es not seem to
be the case in humans (Little et al. 200'3). For instance, earlier
. findings that parental age may have a very small positive effect on
the partner a female,actua‘lly chooses (Zei et al. 1981; Wilson &
Barrett 1987) have been followed up with an investigation of
preferenCe (Perrett et al. 2002). Older 'age was less aversive to
people with older ‘p‘arents than to people with youngér parents. As
the authors noted, this tolerance to cues of age cannot be derived
'directly from a period of infanfhood exposure to older parental
faces, since the parents would have been younger than the rated
faces during that period, and in this way these effects in humans

 differ from the standard definition of imprinting.

The ﬁnding that reallife partners exhibit physical simila'rity
" (Spuhler 1968; Zajonc et al. 1987; Bereczkei et al. 2002; Bereczkei
et al. 2004) méy be because cues of a degree of relatedness are
beneficial in a long-term relationshipt' A preference for some
degree of similarity in one's mate may enable optirnal outbreeding
(Bateson 1978, 1980, 1982), encourage the selection of a partner
from the same population who is more likely to have appropriate
adaptations - to .the local. environment there'by “enabling the
méintenance’of co-adapted genetic complexés (Read & Harvey
1991), and enhance one's own genetic representation in future
generations through the selection of a partner with some genetic
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~ matches (Thiessen 1999). Long-term relationships may benefit
from a degree of affiliative behaviour associated with distant
. relatedness, including enhanced trust (DeBruine 2005). Together, |
‘these things may outweigh the aversion of a small degree of self-

resemblance (DeBruine 2005; DeBruine et al. 2008). This question
'~ is take up again in Chapter 5. . | '

The second biolbgical principl'e to be disbussed here relates to the
" MHC. The MHC. was introduced above; in general, MHC
heterozygosity is attractive. Yet thé' MHC may also. influence
preference at a relative'level. There is some evidence that
humans, like many other vertébrates, mate disassortatively with

rega_rds to their MHC type (Penn 2002; Bernatchez & Landry o

12003), a practice that may function to reduce inbreeding -
depression, where the viability and health of the offspring »»is'
reduced (Potts & Wakeland 1»993); Although MHC-disassortative
mating in humans remains to some’exte'nt éontested»(e.g.
‘Nordlander 'et al. 1983; Hedrick & Black 1997), _.evidénce' in its
favour arises ffom‘ studies of both preferences and behaviouré.‘
The mechanism by which conspecifics judge MHC dissimilarity
may derive primarily from body odour (Penn & Potts 1998). mice,
rafs and humans can all distinguish very élight differences in MHC
by odour cues (Yamézaki et al. 1983; Penn & Potts 1998; Jacob et
al. 2002b). Thus, odour preference has been used to measure

human MHC preferences.

Odour preference studies in men and women have tended to show
negative correlations between rated pleasantness of body odour
and extent of MHC similarity between rater and donor (Wedekind
et al. 1995; Wedekind &'Furi 1997; Thornhil et al; 2003), although
an intermediate level of dissimilarity may be more desirable than
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‘ extreme dissimilarity (Jacob et -al. _2()02b), perhaps because
excessive div'ersivty of the MHC may reduce immune functioning
(Nowak et al. 1992). Behavioural studies have also lent some
tentative support to MHC-disassortative mating. Couples .within
genetically non-diverse populations (i.e. chosen to reduce the
range of MHC types and attendant confounds and methodological
difficulties) are more dissimilar than would be expeéted by chance
(Ober et al. 1997). Likewise, children within an isolated population
were less homozygous at'the MHC than would be expected,
implicating selectiohal abortion or difficulty conceiving among
MHC-similar couples (Kostyu et al. 1993; Ober 1995), and
pregnancies of MHC-sirﬁilar Couples_ are associated with higher
levels of spontaneous abortions (Komlos et al. 1977; Schachter et
al. 1984; Jin et al. 1995; Ober et al. 41998); However, other studies
have presented COnﬂ‘ic‘:ting results; for instance, one study showed
a greater number of MHC-similar partnerships ina study of a large
number of couples than would be expected by chance, although
this. is possibly due to ethnic and racial positive assortative mating
within the diverse pop‘ulation sample (Rosenberg et al. 1983).

The only work on facial preferences that took account of the MHC
of the rater and the rated face found that females preferred the
faces of .males whose MHC was more, rather than less, similar
(Roberts et al. 2005b). The authors suggested that MHC-related
information from the different channels (vision and odour) could
- filter out potential mates of very similar and very dissimilar
genotypes respectively. Certainly, in so far as odour plays a role in
mate choice, it must be an interactive rather than primary role, as
demonstrated by the consiStent inability of individuals even to
judge sex accurately by odour (Wedekind et al. 1995; Wedekind &
Furi 1997; but see Russell 1976). - |
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These ‘between-individual  differences  demonstrate  how
reproductive theory from traditional biology is relevant to human
partner preferences. Individuals may evaluate mate quality in
relative terms, and these differences may be biologically adaptive.
An awareness of systematic between-individual differences in
préference is essential to methodo\ogical considerations in
empirical studies of mate preferences. The empirical focus of the
- thesis, though, constitutes within-individual differences, and we -
turn to those now. | -

13 ° Whois the best partner for me? Variation within
individuals | | |

We have seen some eXémples of sources of between-individual
differences in variation for partnership preference. Yet people also
vary in their preferences bver tirhe. These differences are in some
~senses more complex, relying on an iterative 'process between the
~individual and the natural and social environment. Again, these
* individual differénces may hélp optimise reproductive choice (Via &
Lande 1985); in a changihg environment, the ability to modify
behaviour in response to outside cues may be partiéularly useful
‘(seé e.g. Wilson et al.v1994;" Qvarnstrdm 2001). If there is a
| general biological brinciple allowing for facultative adjustment of
human mate choice decisions, and of course subject to biological
constraints on plasticity (Via & Lande 1985; DeWitt et al. 1998), we
| ‘might expect to see this at work across short-, medium- and I'ong-
term time scales. Existing e\)idence for such édjustments is
discussed hére'. Adjustments may bé along any of the five
dimensions outlined in subsection 1.1.2, but in fact most work on
within-individual 4preference'differences has been carried out in .
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relation to preference for symmetry and testosterone markers, and
these are the focus here. '

131 Withiﬁ-individual 6hanges across time: short term
time scales : :

Different contexts provoke differences in preference; context shifts
~ thus can lead to immediate preference shifts. This has been
- demonstrated extensively in relation to the contexts of short-term
and long-term seXuaI relationships. (The standafd terminology
contrasts short-term and Iong-térm relationships; this thesis
structure contrasts within-individuél changes at long-, medium- and
short-term time spans. The inconvenience of using ‘short-term’ in
these two different senses is outweighed by the advantage of
maintaining the ‘standard terminology). Long-term sexual
relationships are a central feature of the societal maké—up of every
known culture, involving often extensive marriage 'tra'ditions.lYet‘
short-term relationships are also a characteristic of humvari society. -
Individuals can take part in dates, blind dates; speed-dating and
holiday romances. Outside of western societies, the universal-
prevalence of cultural or religious pfohibitions to short-term
relationships, such as adultery, attest to their very éxistence. As
~such, the within-individual changes in pfeférence that can be
revealed by asking the individual to make judgments pertaining to
a short-term and then a long-term relationship context constitute a
. good demonstration of preferénce changes over the short term

'tim_e span.

Wheh making judgments for short-term compared:with long-term
relationships, a number of studies have demonstrated that women
show a greéter preference for lower levels of male facial femininity
or higher levels of facial masculinity (Penton-Voak et al. 1999z;

21



Little et al. 2002; Penton-Voak et al. 2003). In short-term but not
long-term relationships, women also prefer lower-pitched voices
(Puts 2005), and more masculine behaviour (Gangestad et al.
2004). Qonvincingly, together, these studies demonstrate a
preference for testosterone markers for short-term compared with
long-term relationship's} over a range of modalitiés. :ln terms of
men’s preferences for WOmen, the most attractive female waist-to-
hip ratio is also more salient when judgments ére made for a short- -
term relationship (Schmalt 2006). | B

While partners in long-term relationships are exbected to exhibit
high levels of commitment on both sides, short-term relationships
are usually of a more sexual nature. When individuals consider
sexual felationships',-they may privilege indirect benefits (genetic
- quality) over direct benefits (résource provisibn and commitment)
~ (Buss & Schmitt 1993; Buss 1994; Gange'stad & Simpson 2000; Li
& Kenrick 2006). This is a particularly apposife distinction since
~ there is evidence for an inverse correlation between male provisio.n
of diréct and indirect benefits. For instance, more symmetric men
report lesser willingness to provide gifts (Gangestad & Simpson
2000). Similarly, partnered men tend to have lower levels of
testosterone than single men, and among partnered men, lower
testosterone correlates with higher investment in the relationship
~and higher levels of marital stability (Gray et al. 2002; Gray et al. .
2004). The differences between preferences for short- and long-
term relationships have been worked into the strategic pluralism
hypothesis (Gangestad & Simpson 2000). A critique of the
“controversies of this hypothesis (see e.g. Cornwell et al. 2002) is

_beyond the scope of this review, since here we focus on |
- preference, not behaviour. It is enough to séy that irrespective of
the functions of the differences in preference, asking individuéls to

22



focus alternatively on short-term and long-term relationships does
seem to give rise to systematic differences in preference, as we -
‘see again in Chapters 3 and 5.

Another way in which individual preferences can change over a |
short-term time scale is in response to sensory modulation within
the immediate environment. For instance, hungry raters

- demonstrate an increased preference for'ﬁgures of women with a

greater body weight (Swami & Tovée 2006). Likewise, the
preéentation of a series of faces that have been exaggerated
"along one dimension leads to increased ratings of hormalityA for
similar-looking faces (Little et al. 2005). Odour cues may also .
affect face ratings over short-term time spans (Li et al. 2007); and
it is this topic that is explored in depth in Chapters 2 and 3.

132  Within-individual changes across time: medium-
term time scales

Individuals may vary in their préferences across medium-term time -
scales, that is, in respect of changes that are likely to occur a
number of times across the life course. Relationship status and
self-perceived mate quality, discussed below, are chosen here as
examples of how preferences may change over med.ium-term time
‘scales, because these have been investigated by‘a-range of
studies, because they have been i_nterpréted according to geheral
biological principles relating to thé enhancement of reproductive
success, and because these differences will be referenced in the
 data chapters that follow.

Relationship status has been found to influence preferencé. Facial
masculinity is preferred more by women in a relationship than by
unpartnered women (Little et al. 2002). Similarly, while women
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tend to prefer greater levels of facial masculinity at the more fertile
_ phase of the cycle (see Chapter 5), women within relationships
show a more pronounced cross-menstrual cycle preference shift
away from faces that indicate lower levels of testosterone (Penton-
Voak et al. 1999a; Little et al. 2002). These differences between
partnered and non-partnered women have been used to support
the strategic pluralism hypothesis (Gangestad & Simpson 2000):
that is, an in_creaéed awareness of mate quality as demonstrated
by the women in relationships may allow them to obtaih indirect
| benefits from conceptive extra-pair copulations (Gangestad &
~ Simpson 2000; Little et al. 2002). It is worth noting that in the
absence of Within-subjects studies ,,6" relationship context, we do
not know whethef these differences arose after the relationship
began (as presumed), or whether there are systematic differences
between preference and the likelihood that a woman is in’ a
relationship. ‘ |

~ Own mate quality also predicts preferences. One study (Pawlqwski
& Dunbar) showed that human mating preferences can be
described in terms of e marketplace, where more desirable
“individuals can ‘afford’ more desirable partners. The study used
‘lonely hearts’ advertisements, and so was someWhat restricted-in
its assessment of individual demands and desirability by the
" limitations of that format. Nevertheless, it was able to conclude that
women’s ‘market value’ could be described in terms of fchndity,
and men’s ‘market value’ in terms of earning potential and the risk
of future pairbond termination (by death or divorce). These
conclusions chime with _other predictions of reproductfve theory:
fecundity constitutes more of a reproductive limit for females, who
“have a shorter reproductive life than men and a long gestation
period. In contrast, men are limited by female access; male
‘ 24
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- resources and commitment mé_y enhance access: to females..
Corroborative evidence for the existénce of partnership

stratiﬁcationby'quality comes from female evaluations of past

partners, where- the resource potential, commitment and

desirability of personality of a woman’s partner have been shown

_to be positively related to that woman’s attractiveness (Mathes &
Kozak 2008). V‘Likewise, choosiness for attributes previously

demonstrated to be important to mate choice (e.g. wealth, status)

was found to be positively correlated with higher ratings of one’s

ownpossession of those attributes, in both males and females
(Buston & Emlen 2003), and thus possession of overly high socio-
~economic status may be an aversive attribute in a long-term

relationship for many (Chu .et al. 2007). The positive relationship

between mate desirability and choosiness has also been captured

ina matherhatical model (Hill & _Reéve 2004).

Mate quality in turn affects preference for specific physical traits.
Women's choosiness (i.e." increased preference for facial
“masculinity and symmetry) has been shown to Véry positively with
self—rated attractiveness when making judgmehts of male but 'not
female faces, and for a long-term but not short-term relationship
(Liftle et al. 2001). Sihce the original siudy, this pattern has been
replicated on some occasions (thtle et al. 2007b) but not others
(see e.g. Penton-Voak et al. 2003; Jones et al. 2005b; Comwell et
al. 2006; Little et al. 2007a); it is ,not clear whether this is because
 the relationship between self-rated attractiveness and choosiness
is complex, or because of a confounding link such as that between
self-rated attractiveness and menstrual cycle stage (e.g. Penton-
Voak et al. 2003; Schwarz & Hassebrauck 2008).
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Nevertheless, the relationship between some measure of own
mate quality and choosiness has been replicated in other ways.

Women who were judged by others to be more attractive or to |
have a more attractive body shape showed a stronger preférence |
for less feminised faces in the context of a long-term relationship
(Penton-Voak et al. 2003). Women with more attractive waist-to- |
hip ratios and body weight showed stronger preferehces for male -
resources,  attractiveness and health (Jones et al. 2005b;
Pawlowski & Jasienska 2008)." Likewise, women with greater
'psychological rhea‘lth (i.e. lower scores on measures of anxiety,
st'ress"and depression), showed greater attraction to cues of health
-in male faces (Jones et al. 2005b). Greater health in both men and
women has been shown to predict preferences for facial sexual
~dimorphism in a rural population (Scott et al.‘2008), and men’s
testosterone levels correlate positively with their preference for
.femininityv in female faces (Welling et ‘al. in press). A contrary :
finding, that women with a less attractive body weight were more
demanding in their preferences for male attractiveness (Pawlowski
& Jasienska 2008), may be due to some confound with a specific
cultural stratiﬂeation that links BMI and culturally-induced
choosiness. In both males and females, age of first sexual
encounter is associated positively with greater preference for mate
quality, this time as meésured by facial sexually dimorphie
characters and facial attractiveness (Cornwell et el. 2006). Further,
cueing an individual to believe that the social environment contains
a Iarge number of high-quality sa.me-_sex"others can lead to
decreased choosiness in mate choice (Little & Mannion 2006).

‘There are a number of non-exclusive explanations for preference

variation associated with mate quality. At the preximate level, self-

esteem may link one’s own attractiveness to the pursual of more
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attractive partners. If all agents'in a population seek out the best
partner available, even without pre-existing knowledge of one'’s
own quality, the individuals making up a partnership will be similar
~in quality (see e.qg. Johnstone 1’997). Prefelrence" adjustment
accordin_g to own desirability may be adaptive: once own mate
value has been learnt, time is'saved by seeking partners amongst
-those who are somewhat likely to acquiesce. Such stratification by
quality on the basis of a heuristic along the lines, ‘Obtain the best
quality possible in a reasonable amount of time' may not be
restricted to reproductive choices; we should find the same sort of
stratification in any population where each mdnvndual agent aims to
- obtain the best quality possuble Condmon-dependent mate
preferences have been documented in a range of species. For
instance, female zebra finches sought -more or less attractwe |
mates depending on the|r own quality, which was expenmentally
manipulated through the clipping of wing feathers (Burley & Foster
2006). Likewise, female fish in poor condition exhlblted a Iower ‘
. level of choosiness with reference to male coloration, a marker of
quality; in both guppy fish (Poecilia reticulata) (Lopéz‘ 1999) and
three-spined sticklebacks (Gastérosteus acule’atué) (Bakker et al.
1999). Female guppy fish condition also correlates with level of
preference for high-quality males w:th more. symmetric spmes
(Mazzu et al. 2003).

In humans, hypotheses linking reproductive  quality and adaptive
prefevrences have been formulated, drawing on the ﬁndings of
condition-dependent preferences in'Ibng-term but not short-term
relationships, and in respect of male but not female stimuli. It has
been argued that lower-quality women may obtain more from
direct benefits such as stable‘inyestment (from less reprdduétivély .
- desirable men) than from indirect benefits, or alternatively that only
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higher—quality females have sufficient resources themselves to be
able to risk male desertion, something which is less likely with less
attractive males (Little et al. 2001; Little et al. 2002; Pen'ton-Voak
et al. 2003; Feinberg et al. 2006). More ‘eomplex relationships
~ between a woman’s mate quality and preference vériations across
the menstrual cycle have also been demonstrated these are
discussed in Chapter 5. '

1.3.3 Wlthm-mdlwdual changes across time: long-term
time scales

'Thls section reviews eystematic within-individual differences that
may occur over a longer time scale. This category discusses the
links between preference ‘and  socio-sexual orientation,

environmental clemency, and age.

The socio-sexual orientation index, or SOl, sets out to measﬁre.
individual openness towards uncommitted sexual relations.

Individual SOl may be described as a long-term strategy that
develops with reference to socnal and envnronmental context
(Schmitt 2005). Women with higher SOI are more likely to prefer
masculine faces, where masculi.nity was determined by objective
‘measurements of facial trait sizes (Waynforth et al. 2005), and
males with higher SOI are more I'ikely to prefer the m»est attractive
female waist-to-hip ratio (Brase & Walker 2004)' These fi ndings
.may also reflect the documented greater preferences for mate
quality for short-term relatlonshups

Environmental harshness, which has previously been shown to = .

affect general-level reproductive strategy (Belsky et al. 1991;
Schmitt 2005; Belsky et al. 2007), also affects preference for
partner characteristics. A vignette-based study showed that |
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participants who imagined themselves in a safe environment
showed strohger preferences for greater levels of opposite-sex
facial sexual dimorphism (masculinity in male faces or femininity in
female faces) in long-term put not short-term relationships
compared-with participants who imagined themselves in a harsh
environment (Little et al. 2007a). In harsh environments, it may be
more important that the partner should invest heavily in the
relationship and any offspring, which may give rise to the
preference for lowered facial sexual dimorphism (Little et al.
2007a). Consistent with this, cultures with harshef environmental
conditions seem more likely to be those cultur‘es. with greater
eXpectation of higher levels of commitment prior to sexual
relationships (Gangestad & Simpsonv 2000'; | Schmitt 2005).
However, increased parasite load, which may also be associated -
with a harsher environrﬁent, is associated with increased

preferences for greater levels of sexual dimorphism in faces

- (Penton-Voak et al. 2004) and a greater emphasis on physical

ettractivenessv (Gangestad & Buss 1993); both preferences may
function to increaee attraction to healthier partners (Gangestad &

Buss 1993; Penton-Voak et al. 2004).

~ Finally, age may'provoke changes in partnership preferences
across longer time spans. Most research has tended to use
* university undergradljates as experimental participants, and age-
related preference chan'ges have been little examined. The long-
term mate choice changes that take blace during adolescence will
be a major focus of this thesis, in Section 3.

14 Thesis outline and objectives
. We have seen how preference' differences may relate to abselute

or to relative mate quality. Preferences may vary between- or
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within-individuals. Wit_hin-individual | differences may occur on a
short-term basis, in response to cues immediately available in the
environment; over a medium?term time scale, with cnanges which
may occur regularly; and across a longer period of time. Each of
these time scales will form the stage for empirical investigations of
within-individual variation in partner choice within this thesie,-vvith
. the overall aim of showing that such time scales provide a useful
framework to examine individual variation in human mate choice.

In the short term, mate choice may be adjusied facultatively with
reference to specific odour cues (Section 1). Chapter 2 examines
. the effects of androstadienone, a chemical constituent of human
sweat that may be secreted in higher concentrations by males than
females (see Gower & Ruparelia 1993 for an ,» overview).
Androstedienone has been linked to a numb.er‘of psychological
and physiological changes, particularly in fernales (review in
Saxton et al. 2007). Yet it has been little examined in ecologically
valid contexts, a flaw for any who would put it forward as a
potential human chemosignal or pheromone (e.g. Grosser et al. -
2000; Jacob & McClintock 2000; Jacob et al. 2001a; Jacob et al.
2001b; Lundstrém et al. 2003a; Gulyas et al. 2004; Lundstrém et
al. 2006). Chapter 2 reports the results from an investigation into
whether this chemical can affect women's perceptions of men's
attraotiveness at a speed-dating event, ‘an environment chosen for
its ‘ecoivo’gicai validity. It finds that women exposed to
androstadienone give higher ratings of the attractiveness of the
" men they interact with, oompared to women in both odour and
non-odour control conditions. | |

Chapter 3 takes up two of the questions raised by these findings.
Androstadienone is perceived in the olfactory modality, broadly
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speaking, and Chapter 3 ﬁrstly reports an expériment investigating
whéther female ratings of male attractiveness can be modulated in
the olfactory modality as much as in the visual modality. It again
‘ﬁnds that androstadienone has a positive effect on raiings, with
‘some evidence of a stronger effect in the visual channel. If
androstadienone can affect perceptions of attractiveness, one
obvioUs question is whether change applies to all men, or to men
of greater or lesser mate quality. This is examined by asking
women to rate men who have been genotyped for MHC
heterdzygosity. In this experiment, there is again evidence that
androstadienone 'enhandes ratings of attractiveness. There is
“some evidence for an interaction between the genetic quality of
the ‘stimulus and the extent of attractiveness enhancement,
‘although this is inconsistent. The' ekperiment also raises
‘methodological issues regarding the standard concentration of
androstadienone used in tests of its effects. With regard to these
results, the general discussion to Section 1 emphasises the
importance of determining whether androstadienone production
rates in men can be shown empmcally to provude information
relating to mate quahty

Section' 2 addresses within-individual variation over the medium-
term, with a particular focus on the menstrual cycle. Despite a
Iargé number of studies on how menstrual cycle phase reIatés to
attractiveness of appeara_ncé, none has tried to quantify the
relative contributions of the different channels in terms of
attractiveness changes. Chapter 4 firstly reports an experiment to
quantify the relative importance of the different modélitieé in raiing
attractiveness,. irrespective of cycle phase. It finds that both visual
and vocal attractiveness are good predictors of overall
attractiveness, thereby récommending an increased fbcus on vocal
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attractivenéés to the research community. The second experiment
‘goes on to attempt to quantify the reiative importance of the
different channels in terms of the documented increases in
attractiveness associated with the menstrual cycle. 1t ﬁnds that
- attractiveness changes in the predicted direction are detectable in
a range of modalities, with some evidence that they may be
clearest in facial appearance. B |

Menstrual cycle phase has also been linked to changes in mate-
related preferences, especially for self-resemblance and
- masculinity (review in Jones et al. 2008a). Self-resemblance and
| masculinity represent cues of relative:and absolute mate quality
respectively (Roberts & Little 2008). In a novel design
recommended in (R’obe}‘rts & Little 2008), both dimensions are
manipulated simultaneously in facial photographs to determine
how they affect female preference, and how this may 6hange with
the menstrual cycle. Evidence is put forward for the presence of a
context-dependent heirarchical rule trading off genetic quality and

- masculinity.

Finally, adolescence is _used to investigate within-individual
preference changes across the long-term time ‘span (Section 3).
Adolescence is a particularly interesting time from the point of view
- of biological adaptation'since it constitutes the period when an

. individual becomes reproductively capable. Chapter 6 asks how °

biological development, captured by chronological age and
pubertal development, predicts preferences for faces and voices. It |
finds that adult-like preferences develop across age, and also that
preference for facial cues of mate quality are evident prior to the
repfoductive years. It alsp gives some evidence of individual
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differences in attractiveness judgments correéponding to individual
differences in pubertal development, cbntrolling for age.

Chapter 7 then looks at the moderating effects of experience on
preferences over adolescence. It examines whether the
environment (here, mixed- contrasted with single-sex school, and
presence - or absence of siblings) can systematically mbdify '
preferences. It finds some evidence for experience-based effects
on preferences. '

Finally, Chapter 8 recaps these findings, and discusses their
wider implications for the field of évolutionary psychology.
Criticisms have been levelled at evolutionary psychology as a
research paradigm, yet this paradigm has enabled the productive
investigation, in the foregoing data chapters, of individual
variation in human mate choice. Indeed, many of the criticisms of
evolutionary psychology can in fact fission productive sources of
research. In the distant fufuré, work such as that set out in these
data chapfers may  contribute, .albeit minutely, to any
epistemological assessment of the evolutionary psychology

research paradigm.
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SECTION 1:  SHORT-TERM  VARIATION:
FACULTATIVE ADJUSTMENT TO ODOUR STIMULI

Part 1 reports three experiments that invesfigate.how human
, mating'preferences may be modulated' over the short term, in |
response to an odorous chemical. Some of the indirect evidence -
 that odour is used in human partnership choice and formation was

‘reviewed in Chapter 1. Women in particular report odour to be

importaht in partnership choice and maintenance (Herz & Cahil

1997; Herz & Inzlicht 2002; Havlicek et al. 2008), and MHC-linked

odours appear to affect human mate preferelnce and choice

(reviews in e.g. Potts & Wakeland 1993; Penn & Potts 1998; Penn
& Potts 1999; Penn 2002). Further, odorous chemicals are used

extensively in mate choice in non-human animals, and conétitute a

rich and potent source of potential information to conspecifics. This

information Can include sex, identity, relatedness and individual

condition, and can be gleaned from glandular sources and urine or -
fecal scent marks (Gosling & Roberts 2001). In general, exposure

‘. to odours can lead to immediate modulation of pergeption,

cognition and behaviour (reviews in e.g. Chu & Downes 2000;

" Holland et al. 2005). Together, these propérties méke oddur a

good contender for an agent to investiga‘te human preference

changes over the short term. '

One approach to understanding how humans are influenced by
biologically relevant odours has focussed on the - information
- accessible through chemosignals, without specific knowledge
about the chemical substances involved. For ' instance, this
approach has investigated the relationships between hedonicity of -
‘axillary odour and partner preferences based on genetic similarity
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(Wedekind et al. 1995), the effects of chemical secretions on the
timing of the female menstrual cycle (McClintock 1971, 1998), and
the relationship between personality and odour (Havlicek et al.
12005). An alternate approach has quantified the action of specific
| chemicals of bioiogiCal origin on behavioural or psychological
states. Chemicals in this class have sometimes been referred to as
“chemosignals” dr “pheromones”. |

Pheromones have been defined as substances released by an
individual into the external environment which precipitate .a
particular reaction in a conspecific A(Karls‘on & Lischer 1959).
Pheromones are used by spe'cies‘ in a variety of phyla (see e.g.
McClintock - et al. 2001), and there exist many examples of
pherorhone-m_ediated behaviour in a wide range of mammals,
particularly'in relation to mating behav’iour and maturation '(see' eg..
Vandenbergh 1983b, a). In hurhans‘ however, the question of
whether pherbmones influence behaviour was recently listed by
Science magazine as one of the top 100 outstanding scientific
questions (Anon. 2005). A 'recent'rev‘iew‘ of behavioural and
~ anatomical studies relating to the function of pheromones in
human interactions concluded that while a small number were
“unambiguously supportive", none seemed ultimately conclusive
| (Hays 2003). In non-human animals, phefomones are associated
with direct and specific béhévioural effects (Karlson & Lischer
1959), allowing them to be sub-classified as types such as pﬁmers
or releasers. The absence of such direct behavioural chahges in
'}humans has led to the suggestion that purported human
pheromones may be better conceived of as modulatory
chemosugnals (Jacob & McClintock 2000; McClintock 2000).
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One hurdle for proponents of human pheromones is the lack of
clear evidence for a functional human vomeronasal orgah (VNO).
‘Located within the nasal cavity, the VNO is used by many
terrestrial vertebrates to detect pheromones (Johns et al. 1978;
Keverne 1983). Although one study (Grosser et al. 2000) réportéd
measurable. autonomic changes following direct introduction of a
proposed human pheromone to the human VNO such that this
chemical was prevented from reaching the main olfactofy
epithelium, the VNO system apbears to be vestigial in humans.
The VNO is not consistently identified in hﬁmah adults {Garcia-
Velasco & Mondragon 1991; Moran et al.. 1991; Stensaas et al.
~1991; Trotier e_t al. 2000; Bhatnagar & Smith 2001; Knecht.et al.
2001);' a disbe_rnable physiologicallsubs.trate from the VNO to the -
brain has not yet been identified (review in e.g. Meredith 2001);
and those VNO receptor genes which we might expect to enable
bheromone detection (on the basis of comparative studies) appear
to be non-functional or pseudo-genes in humans (Tirindelli et al.
1998;} Kourd-Mehr‘et al. 2001'). However, pheromo.nal reception
may be possible -thrbugh t’her main olfactory system (see é.g. :
" Dorries et al. 1997; Restrepo et al. 2004; Liberles & Buck 2006),
and so c_onﬁnuing debate surrounding the human VNO should not
- preclude ongoing re§earch into the behavioural effects"of potential
human pheromones (Meredith 2001).

To date, work on possible human pheromones .h.as primarily -
focused on the androgens androstenone, androstadienone, and
androstenol, found in the human axilla (review in Hays 2003).
These may be found in higher quantities in males than females
(see Gower & Ruparelia 1993 for an overview). ‘Androstenol
production rates seem to rise at puberty (Cleveland & Savard
1964) and fall in old age and post-menopausally (Brooksbank &
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Haslewood 1961), in a pattern of ontogeny and sexual dimorphism
consistent with sexual signalling. Metabolites of androgens, 5a-
‘androstenone, androstadienone and the low-odour androstadienol,
~are’ secreted from the apocrine glands (Gower et al. 1994). -
Androstadienol and androstadienone have been shown, in vitro, to
be converted to the musky—smellling androstenol and the more
prominent, urinous androstenone, under the-influence of skin-
inhabiting coryneform bacteria (Mallet et al. 1991; Gower et al.
1994), although alterhative biotrénsformational pathways have
also been demonstrated, again in vitro (Decreau et al. 2003).

* The earliest work on “human pheromones” was mostly concerned
with androstenone and androstenol, perhaps because of their
documented function in othevr mammals: androstenoné, for
example, occurs in boar saliva and triggers lordosis (the ‘mating
stancé') in the female pig (Signorei & du Mesnil du Buisson 1961).
Yet the results -of these earlier experiments do not‘lead to a
“consistent picturé of the effects of these twd chemicals in humans.
For example, while some studies purport to show that
androstenone or androstenol exposure reduces female ratings of
" male sexual attractiveness (Filsingef et all. 1985), others show that
androétenol increases fernale ratings - of character or sexual
attractiveness (Cowl_ey ét al. 1977; Kirk-Smith et al. 1978), or that
there is no effect of either chemical on judgments (Black & Biron
1982; Filsinger et al. 1984).' In termjs of emotional and behavioural
responses, female exposure to androstenone has been associated .
with a decrease in her self-perceived “sexinesé" (Filsinger et al.
1984), but with an increase in her levels of social interactions with
- males '(Cowley & Brooksbank 1991). On the other hand, neither
androstenol nor androstenone led to increased female sexual
arousal in response to erotic prose (McCollough et al. 1981,
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‘Benton & Wastell 1986). Androstenol exposure has been |inked
with increesed rhid-cycle self-reported feelinge of submissiveness
(Benton 1982) and irritability during menses (Cowley et al. 1980),
and indeed its effects on the menstrual cycle may play a partin the
i reported' menstrual synchrony of women who live together
(Shinohara et al. 2000). In two studies, females chose to approach
. areas which had been dosed with androstenone (Kirk-Smith &
Booth 1980; Pause 2004); in a similar study, androsfenol had no
such effect (Gustavson et al. 1987) The effects of these chemicals
on males are sometimes, but not always, complementary: i

Pause S (2004) study, homosexual men, like women, approached
areas dosed with androstenone more often (heterosexual men
were not tested). In another study, men (whose sexual orientation
was not reported) rated other men as more sexually attractive in
_the presence of androstenone and androsteno! (Filsinger et al.
1985). Although few of these studies on pheromones in humans .
are directly contradictory, they are sufficiently at odds to indicate
that we lack enough understanding of the phenomenon to be able
to ask coherent questlons of lts effects ' o

One review of these findings notes that only some of these studles
have used a musk odour control: it could be that all musk odours
would trigger similar responses to these chemicals (Gower et al.
1988). Nevertheless, an attenuated conclusion from the work
would merely be that some musks have behavioural effects, and
androstenol and androstenone are examples of such musks. An'
alternative suggestion to help explain the reported inconsistencies
is that these chemicals have different effects dependihg on the
contexts in which they are experienced, and furthermore that only
within more ecologically valid conditions are we most likely to
detect their influences (Jacob et al. 2002a; Saxton et al. 2007).
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This important issue will be taken up again in Chapter 2 with a
study of a purported human pheromone that has recelved the most
research interest recently: androstad|enone

Chapter 2 reports the results from three studies of the effecfs of
an'drostadienone at speed-dating events in which men and women
interacted in.'a series of brief dyadic encounters. Men were rated |
_ more attractive when assessed by women who had been exposed
to androstadienone, although this result was apparent in only two
out of three studles. Selection rates were not affected by
~ androstadienone exposure. Chapter 3 reports a study where the
effects . of androstadienone on ‘attractiveness ratings in the
olfactory and visual modalities were contrasted. In the first
expenment, women rated the attractiveness of male body 6dour
samples, facial pho;ographs; and odbur/photdgraph combinations
in the presénce of androstadienone or a control in a within-
subjects experiment. There was a significant incréasé in ratings in
the androstadienone condition. In the second experiment, women
rated a set of facial photographs of males of known MHC
heterozygosity, a measure of genetic quality, in the presence of
androstadlenone or a control in a within-subjects design. There
was some evidence for the enhancement of male attractlveness ‘
when assessed in facial photographs. Interactlons with underlying
male attractivenes)s or MHC type were also investigated.
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Chapter 2: Androstadienone
"effects outside the laboratory

This chapter describes an experiment designed to test the effects
‘of androstadienone, a component of human sweat, on women's
perceptions of men’s attractivéneSs. 'Androstadienone' has been
associated with a number of moderately éons'istent effects.
Women exposed to androstadienohe in the laborétory environment
tehd to experience positive affective modulatioh, including fewér
fe»elings of boredom and frustration associated with the laboratory
testing session, maintenance of positive moods despite exposure
to negative stimuli, and increased feelings of focus (Grosser et al.
2000; Jacob & McClintock 2000; Jacob et al. 2001a; Lundstrdm et
al. 2003a;'Bensaﬁ et al. 2004a; Lundstrdm & Clsson 2005;
Villemure & Bushnell 2007). At  the physiological level,
androstadienone inhalation precedes measurable changes in
endocrine state (Wyart et al. 2007) and autonomic activations
(Monti-Bloch & Grosser 1991; Grosser et al. 2000; Jacob et a‘l.
2001a; Bensafi et al. ‘2004a) that may ‘bé specific to feméles
(Boulkroune et al. 2007) or to individuals who are sexually
attracted to men (Savic et al. 2005). Neurologically, female
response to androstadienone Aextends beyond the 'olfactory'
system, activating areas of the brain associated with attention,
social cognition, emotional processing, and sexual behaviour
(Jacob et al. 2001b; Savic et al. 2001; Gulyas et al. 2004; Savic et
al. 2005). A functional consideration of these types of findings has :
led to the squeétion that androstadienone might have a sexual
function, and be able to elicit behavioural responses in women
towards men in such a manner as to facilitate4partnership :
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formation (Hays 2003; Bensafi et al. 2004a; Lundstrém & Olssoh
2005), but so far specific evidence in support of thls suggestion
has been Iackmg (e g. Lundstrbm & Olsson 2005).

2.01 Ecological validity
~ Claims of commercial manufacturers notwithstanding,' it is evident
that the chemicals named as potential human pheromones do not
function as behavioural releasers in the' way that pheromones do
| in ofher ‘species. Instead 'of searching 'for specific reactions to
purported human pheromones, it may be that these chemicals are
" better described as ‘modulators’ (Jacob and McClintock 2000)
" which influence psychological states and, thereby, also influence
behaviour in a variety of fashions depending on the situation in
which they are experienced, or the accempanying cues. If this is
true, then the study of ‘human pheromones’ within the Iaborafory
may be inherently pfoblematic. Indeed, a Ieading‘researcher in the
field commented of androstadienone: “If it does not .function under
normal, nonekperimental social conditions, then it is not a
pheromone” (Jacob et al. 2002a, p.282). If chemicals such as
androstadienone provoke different effects 'depending on the
context in which they are encountered, then their study under
nonexperimental seCiaI conditions may be a prerequisite for the
understanding of their effects. From a theoretical perspective, it is
well-established that the co-occurrence of different biological cues
can affect their interpretation (Rowe 1999). Yet there are also
empirical data that suggest that a consideration of ecological
validity may be particularly important in the study of
androstadienone. |

Researchers have demonstrated sexually dimorphic response to
~ androstadienone at physiological (Bensafi et al. 2004b; Boulkroune
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et al. 2007; Chopra et al. 2008), electrochemical (Monti-Bloch &
_ Grosser 1991) and affective (JaCob & McClintock 2000) levels.
This finding is consnstent with the suggestion that androstadlenone
has a functlon in sexual s:gnallmg, demanding a mate chouce
context where sex- spemf ¢ effects are tested. The importance of |
context has been supported further by a study that showed mood
effects of androstadienone to depend on the context that was
evoked by film segments (Bensafi et al. 2004a). anally, research
has shown physiological changes and positive mood modulation in
women in response to androstadienone when tested by a male but

"not a female researcher,. possibly because a man’s presence is |
necessary to provide the appropnate ecological valldnty (Jacob et
al. 2001a; Lundstrom & Olsson 2005).

In the study reported below, a “speed-dating” event was chosen as |
an ecologically valid and theoreticélly' appropriate context to test
. the effects of potential pheromones involved in human mating
behaviour. Speed-dating is a relatively recent form of organised
social introduction. Single males and females subscribe to an
independently  administered event, which is organised to allow
- each person to interact with each participant of the opposite sex, ih
a face-to-face meeting, for a pre-defined, limited time period. At
the end of each interaction, men and women note covertly whether
~ they would like to meet again. If both parties select the other, their
_contact details are exchanged by the organisers. Since the aim of
participants is to evaluate and attract potential partners, speed-
dating provides an ecologlcally valid and theoretlcaHy approprlate
~_context to assess mate choice behaviours (Finkel et al. 2007). The
experimental group of women was exposed to androstadienone in
a solotioh smelling of clove, while the two control conditions weré
made up of a group of women exposed to the clove-scented
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~ solution alone, and a group of women in an odourless condition.
~ The speed-dating followed standard conventions, but women were .
- additionally re_quired to rate each man for attractiveness. |

21 Experiment 1: Speed-dating
‘2.1.1 " Methods

211a Participants
, The study took place as three separate speed-dating events.
" Event 1 recruited 22 male and 25 female pérticipants aged 19 -25
. (mean £ SD = 20t 1 yr) from among university undergraduates. To -
minimise the possibility that participants knew each other, female
undergraduates were predominantly recruited from one universfty
and male undergraduates frdm two separate but hearby
- universities. The event was held at the students’ union and
organised by the authors. There was no charge for attendance,
. and participants received a voucher for a free drink at the end of
the evening. The event was advertised as an experiment
'ihvestigating the effects of odours, including human pheromones,
on social judgments. Events 2 and 3 were organised through a
private speed-dating agency for participants aged 30 - 45 and 21
— 35, respectively, and took place in a local bar. Female
experimental pai'ticipants were recruited prior to the event .by
advértisements on the mailing list of the agency, and the usual fee
was waived in exchange for their participation. The women were
told that they were volunteering for an investigation into the
science of attréction, and that they would be exposed‘ to various
odou‘rsAd'uring the evening. At Evénts 2 and 3, all Hmale and a
number of female speed-daters in attendance were not party to the
experiment. Data were collected from 17 women aged 35 - 44
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"(mean £ SD = 39% 3 yrs) who interacted with 19 men in Event 2,
and from 12 women aged 21 — 39 (mean + SD = 32t 4 yrs) who
interacted with 25 men in Event 3. All participanté were instructed
not to consume alcohol before or during thé event, or to wear

Stfongly scented prdducts such as perfume or moisturisers. | |

2.1.1b Procedure _

. Participants provided inforrned consént. They used cotton wool
pads to apply either water, clove oil (1% clove oil in propylene
gllycol), or 4,16-androstadien-3-one (250 pM concehtration in the
“ clove oil solution) in sufficient quantitiés to saturate the area of skin
between mouth and nose, from an Eppendorf containing between
approximately 0.5 and 1 ml of solution. The presentation method
and concentrations were chosen to allow comparison with existing
literature (e.g. Jacob & McClintock 2000; Jacob. et al. 2061b;.
Lundstrém et al. 2003a; Lundstrdm & Olsson 2005). This
concentration of androstadienone is thought to be below conscious
detection levels for the majority of the population (Jacob &
McClintock 2000; Lundstrom et al. 2003b). Participants were not

~ told which expefimental condition they had been allocated to, nor |
the number of éxperimental conditions. Before the interactions
began, the women answered a few questions (age, self-rated
attractiveness, menstrual cycle dates, hormonal contraceptive
usage, whether théy smoked, whether they had consumed an
alcoholic drink in the preceding couple of hours, description of the
odour they were given). Three of the women in the .
. androstadienone condition (one from each Event) provided written
descriptors of the solution (‘urine, babies’ nappies”, “babies”, and
“cloves, musty/dirty”) that  suggested that they may have
consciously detected androstadienone; results reported below are
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qualitatively identical when the ratings given by these women are
excluded. )

On the basis of existing work showing measurable éffects of
androstadienorie six minutes post-exposure and lasting at least
two hours (Jacob & McClintock 2000), there waé a gap of at least
15 min between initial odorant application and the beginning of the' ,
male-female interactions. Event 1 ‘interactioris Were 'completed a
maximum of two hours and 15 min after first exposure. In Events 2
and 3, odorants were re-applied during a break approximately two
hours after the initial appliéation, and the interactions continued for
app_roximately another hour following re-apblication. Women wefe ,
seated at numbered tables, and men moved from table to table at
regular intervals as prompted by the organisers. Participants had
approximately three minutes to interact with and assess their
- partner. Female participants' were provided with a score card on
which they recorded a rating of each man’s attractiveness on a
~ scale of 1 -7, and indicated whether they would like to meet the
man again (oh the basis that if both participants selected the other,
their contact details would be exchanged by the organisers).
Photographs were taken of ail female participants, and these were

| rated for attractiveness subsequent to the event by a panel of 15
(Event 1) or five (Events 2 and 3) male rafers' who had been
chosen to be of similar age to those being rated. |

2.1.1c Analysis

For the attractiveness rating scores, scores awérded to one man
whd left prematurely and so was rated by only five women were
discounted; as were all scores given by one womén who did not
. adhere to the rating system. A further 45 out of a possiblé 1.190
ratings were exciuded either because, one or both of the
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participants indicated that they knew the other prior to the event, or
because a rating' had been omitted from the score card. A
maximum of four scores awérded by any one woman, and a
maximum of five scores awarded to any one man, were excluded |
in this way. These 45 omitted or excluded ratings were replaced by -
the average score given to the man in question, calculated from
" the remaining valid data. This is a conservativé approach, reducing
between-conditions variance. | | |

Each man’s selection rate was also calculated; this was the
proportion of women who selected a man as someone she might
want to meet again, divided _by the number of women who met that
man. The man who left prematurely was excluded. Of the
remaining men, two left somewhat early and so failed to meet four
women each, and some potential meetings were missed (e.g. if a .
participant took a break; total omitted meetings n = 15 out of a
possible 1173 meetings); the divisor 'in the calculation was

adjusted as necessary.

Analyées were conducted with SPSS veréion 15.0. Mixed-model
ANOVA with mén (n = 66) as the unit of analysis and mean
attractiveness rating or selection rate for each man calculated from
all women in each of the three experimental Conditions (water,
" clove, 'androstadienone) as the threé within-subject levels,
following the analyses of Roberts et al. (2065b) and Wedekind et
al. (1995). This analysis may increése the statistical power to »'
detect an effect in contrast to a by-rater analysis, since‘a by-rater |
analysis allows only one score to be considered per Woman (i.e..‘
53 scores in the analysis), whereas a by-target analysis enables
the consideration of scores to all 66 men as rated by women in the
three conditions (i.e. 66 x 3 = 198 scores). Selection rate data
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were non-normally distributed, but ANOVA is robﬁst to deviations
from normal distribution (Subrahmaniam et al. 1975). Greenhouse-
Geisser correction was used in the mixed model ahalyses where
data violated assumptions of sphericity. Event (whether the man
was rated in Event 1, 2 or 3) was included as a between-subjects
factor, although results are quélitatively identical if Event is
excluded. Wilcoxon’s signed-ranks tests (T) were used in place of
paired-samples t-tests (t), Kruskal-Wallis tests (H) used in place of
one-way ANOVA, and Kendall's tau correlations (1) in place of
Pearson correlations, if data were non-normally distributed
(Kolmogorov-Smirnov, p <.05).

21.2 Results

2.1.2a Attractiveness ratings

‘Experimental Condition (water, clove, androstadienone) had a
| sig’niﬁca'nt effect oh the rated attractiveness of the men (Fz126 =
5.70, p = .004). Men were rated significantly more attractive by
women in the androstadienone condition compared with both
women in the clove (Wilcoxon’s signed-ranks tests, T = 606, p =
.015) and water (T = 619.5, p = .003) conditions. Ratings from the
women in the clove and water conditions did not differ signiﬁcantvly
 (T=961.5, p= .468). -

The effect 6f -Event on attractiveness rating bordered on
significance (F263 = 3.105, p = .052): the trend was for men in'
Event 1 to be awarded higher ratings, although post-hoc
comparisons of the ratings given at each Event ré\)ealed no
significant differences (Games-Howell procedure: Event 1 and
Event 2:p =.1; Event1and Event3: p = .12; Event 2 and Event
3:p=.99). .
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Figure 1. Mean attractiveness rating, by experimental
Condition (androstadienone in clove ail, clove oil alone,
water) and by Event (speed-dating event 1, 2 or 3).
Mean = SE. ** p< .001 * p < .05.

The main effects of Condition and Event were modified by a
significant interaction between Condition and Event (F4,126 = 4.89,
p = .001; Figure 1), which was analysed further. In Event 1,
Condition was significant (repeated-measures ANOVA of Event 1
as above, F24 = 20.69, p < .001). Men were given higher ratings
by women exposed to androstadienone than women exposed to
clove (paired-samples t-tests, t2i = 5.76, p < .001) or water (&2 =
5.41, p < .001), but the ratings from the women in the water and
clove conditions did not differ (t2L = .73, p = .472). In Event 2,
Condition approached significance (F23% = 3.01, p = .062). The

mean rating awarded in the androstadienone condition was higher
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than that awarded in the clove condition, which itself was higher
fhan that awarded in the water condition, but the only statistically'
- significant difference was between the androstadienone and water
conditions (androstadienone/clo?e (tg = | .99, p' = .336); .
androst_adiendne/water (ts = 2.18, p = .043); clove/water (tis =
1.76, p = .095)). In Event 3, Condition was not significant (F24s =
384, p = .683; for completeness, figures are:
androstadienone/clove T = 89, p= .564; androstéd-ienone/water tos
= 1.09, p = .286; clove/water t = .41, p = .683).

In order to rule out other differences between the women in the
three experimenta'l' conditions that may have been driving the'
differences in their attractiveness ratings, the groups of women
were 'comparéd with respect to their self-rated attractiveness (Little
et al. 2001), other-rated attractivenesé (Penton-Voak et al. 2003),
age, alcohol consumption (Jones et al. 2003; Parker et al. 2008)
and (in normally-cycling, non contraceptive users) menstruél cycle
phase (Gangestad et al. 2004; Danel & Pawlowski'2006). The
women in the three Conditions did not differ significantly in any of
these factors (self-rated attractiveness (Hz = .06, p = .970); other-
~ rated attractiveness (F2 = .52, p = .597); age (H. = 15, p = .929);
whether they had had a drink in the preceding coup|é of hours (H;
= 2.03, p = .362). The number of normally-cycling women in the
‘fertile’ phase of the menstrual cycle, 14 - 20 days before
predicted onset of next menses, bordered on significance (H2 =
5.68, p = .056), but while it might be expected that fertile-phase -

women should give higher attractiveness ratings 'irrespective of

chemical exposu're (Gangestad et al. 2004; Danel & Pawlowski |
2006; but see Thorne et al. 2002 where no effect of menstrual
cycle »phase on attractiveness ratings wés found), in fact the
~androstadienone Condition contained the smallest number of
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normally-cycling, fertile-phase women (one of the 20 women
exposed to androstadienone, two of 17 to clove, five of 15 to
water).

There was no significant correlation between androstadienone-
related attractiveness enhancement (i.e.. mean scere awarded by
women in clove condition subtracted from mean score awarded by
women in androstadienone condition) and ‘original’ attractiveness
(i.e. mean score by women in clove .condition) (Kendall's 1 = -.045,
 p=.599). | |

2.1.2b Selection rates

- Rated male physical attractiveness co-varied strongly with his’
chance of being selected for further meetlngs (r =.741, p <.001;
'Flgure 2)

There was no significant main effect of Condition on selection
rates (Fis, 1so = .68, p = .495). Selection rates differed
significantly according to Event (Fz263 = 3.16, p = .049), 'although
post-hoc comparisons of the ratings given at each Event revealed
no significant differences (Garhes-HowelI procedure: Event 1 and
Event 2: p = .096; Event 1 and Evenf 3:p =.137; Event 2 and
Event 3: p = .997). These fi ndings were modified by a significant
 interaction between Condltlon and Event (F37 1150 = 2.95, p =
027 Figure 3). Separate repeated-measures analy3|s of each
" Event revealed a significant effect of Condition in Event 1 (F2,42 =
5.14, p = .01); men were selected signiﬁcantly less frequently by |
the women exposed to water than the women exposed to clove
(T= 7, p = .005) or to androstadienone (tz = 2.97, p = .007), while
" clove and androstadienone conditions did not differ in selectnon

rates (tzy = .22, p = .827). There was no S|gn|ﬁcant effect of
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Figure 2. The relationship between the prdportion of women who selected a man for possible future meetings
and mean attractiveness rating given to that man, by Condition. Each data point represents one man
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Figure 3. Mean selection rate, by Condition
(androstadienone in clove ail, clove oil alone, water)
and by Event (speed-dating Event 1, 2 or 3). Mean *

SE. * p< .01

Condition on selection rates in Event 2 (F236 - 1.87, p - .169) or
Event 3 (Fi.6386=1.62, p = .213).

2.1.3 Discussion

The investigation examined the effects of androstadienone
exposure on women's attractiveness ratings, and selection, of
men, at three separate speed-dating events, in a between-subjects
design. Speed-dating was chosen as a suitable arena to
investigate a chemical with a posited sexual signalling function.
Women applied either androstadienone mixed in a solution that
smelt of clove oil, the clove oil solution alone, or water, to the

upper lip, enabling passive inhalation of the solution throughout the
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evening. The three experimentaliconditions allowed us to parse
the effects of an odour from the specific effects of androstadienone
(Hays 2003; Pause 2004).

There was some evidence that androstadienone exposure can
enhance ratings of men's attractiveness. Men were rated more
attractive overall by women exposed to androstadienone than by
~ women exposed to clove oil or water, and the groups of women
given the three different solutions did not differ in other factors
~ known to affect ratings of attractiveness (i.e. self-rated .
attractiveness, other-rated attractiveness, age, menstrual cycle
phase, alcohol consumption). There was no evidence for any
significant relationship between male attractiveness and the extent
to which women in the androstadienone condition gave higher
ratings; o
However, .the main effect of andrcstadienone exposure was
modified by a significant interaction with Event (i.e. at which of the i
three separate speed- datlng events the data were collected). The
most compelling evidence for the effects of androstadienone came
j from the first event, with some confirmatory evrdence from the
. second event and no demonstrable effect of androstadrenone at
the third. The reasons for this interaction are unclear Samplrng
effects could be at issue: the first event contained the most, and
the third the fewest, female participants. The effects of .
androstadienone appear to be amenable to context, and it is
likewise possible that differences between the speed-dating events
were influential. The first event, organised by the authors, was
most carefully controlled, and participants may have been more
motivated; certainty, at the first event there was a trend for overall -
ratings' of attractiveness and selection rates to be higher.
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Alternatively, a greater proportion of the women in the first event
may have been sensitive to the effects of androstédienone The
composition of the people in the studies may also play an
important role. The first event contained the youngest sample
‘where physical traits may be relatively more important than, for
exampie, financial status, compared to older samples, and this
could increase the chancés that odour cues might be important.
Results may also be prone to variation’amongst the attractiveness
of the people participating in each event.

Although exposure to sub-threshold concentrations of non-odorous
sweat (but not synthetic, odorous sweat, Dematte et al. 2007) haé
been shown to enhance women'’s ratings of men’s attractiveness
" (Thorne et al. 2002), a previous experiment, in which the effect of -
androstadienbne,on ratings of facial photographs was meaéured, ,
detected no signiﬂcént response (Lundstrom & Olsson 2005). If
androstadienone can modulate social perceptions, it is possnble
that ecologically valid accompanying cues, such as a man’s
"presence, are necessary for this effect to emerge (Jacob et al.
2001a; Lundstrdm & Olsson 2005; Saxton et al. 2007).

The finding that androstadienone may enhance women’s ratings of
men’s attractiveness is consistent with the idea that it may
constitute a sexual signal that conveys information about male
mate quality. The finding that women show concordant strength of
- preference for male facial masculinity and the odour of
éndrostadienone has been interpreted as indirect evidence that
androstadlenone may index male mate quality (Cornwell et al.
2004) In male boars, productlon Ievels of a related chemlcal a
boar pheromone called androstenone, correlate positively with
social rank and aggression levels (Giersing et al. 2000).
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Although it is assumed that the results are due to an effect of
androstadienone on the women, it is not inconceivable that the
‘men were also behaving differently in its presence, despite their
greater . distance to the source of At'he odour. Certainly, male
. responses to androstadienone have been 'notéd previously; these
are often different from female responses (Jacob &. McClintock
2000; Bensaf et al. 2004b; Boulkroune et al 2007; Chopra et al.

 2008)

An understanding of the effects of androstadienone is still far from
complete, and this required a number of assumptions to be made
in the experimental design. Firstly, although an experimental
context that was more eco!oglcally valid than a standard laboratory
test was used, the method of apphcahon of androstadlenone and
_possibly also the dosage, remains somewhat artificial (Saxton et
al. 2007), and, as indicated in the results, the androstadienone
concentratibns used may be consciously detectable by a minority
of the population (Jacob & McClintock 2000; Lundstrbm et al.

2003b) It is not clear what would constitute an appropriate
‘quantity of androstadienone, to reflect that which may be
experienced during normal non-intimate social contact (Wysocki &
Preti 2004; Lundstrom & Olsson 2005). Analysis of
androstadienone concentrations within the apocrine sweat of a
: s.mal‘l sample of individuals has revealed values as high as 1900
uM '(Gower et al. 1994), although analysis of the quantities of
" androstadienone deposited upon axillary hair (excluding the skin)
over a 24-hour period resulted in much lower quantities, up to just
over 4000 pmoles of androstadienone (Nixon et al. 1988). The
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quantities that might reach a social partner are unknown. It was
_decided to use an 'experimentél, solution contéini_ng’
androstadienone'at a concentration of 250 uM, to be applied to the
" region between the upper lip and the nostrils, in order to replicate
the concentration an_d application method commonly used in such
experiments .(Jacob & McClintock | 2000; Jacob et al. 2001a;
Lundstrdm & lesoh 2005), thereby allowing for comparison with
existing literaturé. Androstadienone sensitivity can vary -widely; -
since the concentration used in the study is close to the average
* odour threshold of the populatioh (LUndstrbrh et al ‘2003b)', the
convention was followed of masking its odour in strongly-scented
clove oil (1% clove oil in propylene glycol). It is debatable whether
- something may be classified as a ‘pheromone’ if it is consciously E
detected, and so this prdcedure aimed to prevent conscious or
learnt associations with the odour from influencing its effects. The
~ participants were expose'd to the‘ solutions by application to the
upper lip, from where they were able to inhale the solutions
throughout the evening. This does not exclude the possibility that
the solutions were transmitted derma’lly rather than by odour.
Howevef, another study. has noted mood effects of
androstadienone which were not d‘istinguishable according to
whether exposure ‘to the chemical was enabled by upper-fip
application or passive inhalation (Jacob et al. 2002a), and indeed
" the mefhod of transmission is of little consequence to the current

inVestigation.

An alternative design which may incréase ecological validity further
would be to apply the odour stimuli to the men, rather than to the
women; and to use sub-thfeshpld concentrations without the clove
oil admixture. The use of clove oil as a masking odour allows fbr
cdfnparison with previous literature, and its use as an odour
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control is critical for distinguishing specificity of effect. Its usage
" has been criticised on the basis that the experimental solution then
constitutes a cornplex mixture'} (Lundstrém et al. 2003a), and also -
that it has a nu'mber' of biological effects inctuding anaesthesia

(Chaieb et al. 2007), but since it was used in both the experimental

and control conditions, any possible biological effects of clove oil

should not affect the experimental findings. Related to these

prbblems, it is as yet unclear whether androstadienone can be

~ expected to have any effect in‘naturalistic settings other than in _'
‘very intimate dyadic encounters, or.if it does, how a man might -
solve the problem of inﬂuencing_a.woman's response to him
without influencing her response to all other men in the vicinity.

Our results represent a novel demonstration of the modulation of
mate choice behéviour. Yet they' are also consistent with a range
of findings that may constitute the proximaté mechanisms of the
modulation: enhancement of female positive mood (Jacob &
McClintock 2000; Jacob et al. 2001a; Bensafi et al. 2004a; Bensafi
et al. 2004b; Lundstrom & Olsson 2005; Villemure & Bushnell
2007); or increased ease-of-processing of facial characteristics in -
the presence of related cues such as bodily odours (Rowe 1999; '
Kovacs et al. 2004).. While it is possible that attractiveness
r_nodulation is a mere corollary'of these previously noted effects, it
could as easily be argued that modulation of reproductive
behaviour is the primary function. The studies are highly
~ suggestive that the presence of androstadienone can increase a
womén’s attraction to a mén in a mate choice context, though the |
'strength of this effect and the exact context in which it applies
remain questions for future research. The next chapter goes on to
examine whether attractiveness in the visual and olfactory
channels are equally affected. It also returns to the question of
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whether, if androstadienone enhances attractiveness, it interacts

with a more objective measurement of male quality.
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Ch’a'pte_r 3: Inter_actions - with

androstadienone

In Chapter 2, an experiment was reported that contrasted groups

-of women exposed to either water, clove oil, or androstadienone in |
, ciove oil at a speed-dating event where the women rated each

male for attractiveness. The group of women who had been |
exposed to androstadienone gave significantly higher ratings than
the other two groups, suggesting that androstadienone may be
associated ‘with perception modulation related to mate choice.
However, a similar experiment by Lundstrém et al (2005) in which
women were exposed to either clove oil, or androstadienone in
- clove oil, in a . within-subjects experiment, found no etfect of
condition on the ratings of attractiveness of a set of male facial
photograbhs. 'The reason for the discrepéncy may be that the
effects of androstadienone on person perception are holistic rather
than specifically visual, and are better detectable in ecologically-
- valid contexts (Jacob et al. 2002a; Saxton et al. 2007). Consistent
with this, effects of androstadienone have been detected when
participants have been tested by a maie but not a female
researcher, leading researchers to suggest that the presence _of a
male researcher may be necessary to add appropriéte ecological
validity (Jacob et al. 2001a; Lundstrdom & Olsson 2005).
Androstadienone, as a chemical of human origin, would normally - |
‘be experienced only in social contexts, and may be most relevant
in relation to opposite-sex interactions. Alternatively,'there may
have. been differences in susceptibility to androstadienone in the
samples; androstadienone detection varies widely in a population
(Lundstrém et al. 2003b) and these differences may result from

59



- both individual differences in experience (Chopra et él. 2008) and
individual differences in genetic make-up (Keller et al. 200'/). In
light of open questions such as these, the scbpe of perception
modulation by androstadienone merits further investigation. In this
chapter,' two expériments that examine perceptions in the olfactory
and visual channels are reborted.

3.0.1  Visual and olfactory aésessment
The visual assessment of facial attractiveness from photographs is
a widely used tool in Human mate choice research (see e.g.
" Penton-Voak et al. 1999b; Rhodes 2006). Facial perception is
supported by dedicated neural areas (Kanwisher & Yovel 2006),
and even neonates discriminate face-like objects (Goreh'et al.
1975; Johnson et al. 1991). Human judgménts of facial
attractiveness tend to be broadly similar even between different
ages, sexes and cultures (Langlois et al. 2000), and face-based
judgmenfs of attractiveness, likeability, trustworthiness,
competence, and aggressiveness made in as little as 100 ms
correlate highly with judgments made in the absence of time
| constraints (Willis & Todorov 2006). In light of all this, differences
~ between raters in terms of their ratings of facial attractiveness has'
been commonly used as evidence in support of systematic
_differences between the. raters in terms of their mate preferences
(Penton-Voak et al. 2004; e.g. Jones et al. 2005b; Roberts et al.
2005b; Saxton et al. 2006). Ratings of facial attractiveness appear
particularly- amenable to- modulation by the immediate context,
inCIuding_ simultaneously-perceived odours (Thorne et al. 2002;
Dematté et al. 2007), and exposure to other faces of varying levels |
of attractiveness (Little_ & Mannion 2006). However, particularly for
female raters, the olfactory quality of a mate or pofenfial mate may
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vie for importance with the visual qualities (Herz & Cahill 1997,

Herz & Inzlicht.2002; Havlicek et al. 2008). Furthermore, since
androstadienone s perceived in the olfactory channel,

investigation of the modulation of odour perception in its presence

seems apposite, and yet has so far gone unexplored. The first

experiment thus set out to explore whethér androstadienone could

mddulate perCebtions of both body odours and accompanying

 facial photographs. If ecologicalr'validity is 'necessa'ry to evoke

effects of androsfadienone, the presence of odour cues might
create the sufficient ecological validity that.may be missing from

facial bhotographs alone in the study by Lundstrém & Olsson

(2005). o . »

- However, even if ahdrostadienone modulates perceptions of
attractiveness, it is possible that this modulation does not affect all
stimuli equally; it ‘m’ay interact with some measure of the
reproductive quality‘of the stimulus. In Chapter 2, we saw no
evidence for a correlation between a man's attréctiveness, that is,
greater or lesser mate quality, and the extent to which he benefited
from the modulation. A more objective measure of reproductive
quality may be MHC heterozygosity. As outlined in Chapter 1, the
MHC (or HLA in humans) is the set of genes which code immune
response. MHC variation hés been linked to reproductive quality
and mate desirability in humans as in other animals (for reviews
see e.g. Penn & Potts 1998; Penn 2002; Roberts & Little 2008).
Greater levels of heterozygosity have been associated with more
robust immune system function (Penn & Potts 1998; Penn 2002)
and also with rated attractiveness (Roberts et al. 2005c). The
- second experiment thus examined whether differences in
attractiveness and MHC heterozygosity 'are a'ssociéted wi‘th’
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differences in the extent to which males benefit from any
attractiveness modulation by andi'ostadienone. '

31 Experiment  3a: Body cdour and
androstadienone )

3.1.1 Methods ‘ _

7 men (aged 20 - 30) were recruited from amongst university
undergraduates and provided informed consent. Eéch man was.
supplied with two sterile cotton pads (Asda) and tape for dressings
(Micropore) together with full instructions. The day before sample
collection, men Were instructed to shower with fregrance-free soap
(Asdé),. not to apply deodorant, and to tape. a pad uhder each
axilla. Pads were worn for up to 24 hours, during which time men
were instructed to avoid intimate contact ‘with others. Upon
. removal, men' placed the pads in the ziplock plastic food bags
supplied. Cotton pads were' worn for a length of time between
18.5 and 24 h, and there was a time period of no more than 2 h 50
| mins between pad removal and transfer to cold storage. At the
time of sample collectio'n‘, men supplied details of their age, were
phofographed (Canon Powershot) under artificial Iight against a
neutral background, and were questioned to confirm that they had
followed sample collection instructions. Pads were stored at
a‘pp'roximately -75° C for 17 h overnight. and'removed from the ' |
freezer 1.5 h before odour assessment began. This method of .
odour collection and storage has previously been used .
successfully in body odour ple'rceptio'n research (e.g. Roberts et al.
20052a). '

To ensure fhat'samples in each experimental condition were not
influenced by possible differences in body odour .production
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between right and left axillae (Hopwood et al. 2005), each pad was
cut into two pieces,v creating four pieces fron1 each male donor.
Two pieces from each man (one from the left and one from the
right axilla) were allocated to the androstadienone condition and-
two to the control condition. Samples from 'different men were nbt
- combined. 0.3 mi of propylene glycol alone was applied to the
pads in the control condition. 0.3 ml of a solution of 0.25 niM
" androstadienone in propylene glycol (a conventional expenmental
concentration Jacob & McClintock 2000; Jacob et al. 2001b; -
Lundstrdom & Olsson 2005) was applied to the pads in the
androstadienone condition.. Solutions were added to the samples
15 mins before rating 'bega.n. Samples from one maie donor were
used for the' pre-experimental exposure (see below) and the
| remaining six men were used for the experiment.

20 women (aged 20 45) were recrunted from among university

students. Women were told that they would need to attend two
- sessions where they would be presented with body odour samples
and photographs from a set of men, and asked to rate these
stimuli for attractiveness. Women provuded informed consent and
were debriefed after the experiment. They were not told the
experiment hypotheses. All rating took place on one day.
‘Experimental condition order was counterbalanced across women
. and double-blind' Exposure td the pads in the androstadienone
condition was separated from exposure to the pads in the control.
condition by at least 2 ¥ hours to attempt to avoid transfer effects
between conditions (Jacob & McClintock 2000). To allow for the
developmenf of the response (Jacob & McClintock 2000), each
woman was asked to sniff a sample frorn the same male donor
from the appropriate condition (contrel or androstadienone) at least
five minutes in advance of each testing session, under the pretext
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of ensuring that she could detect the types of odours to be used.
- All women, apart from one prior to her androstadienone 'sessi.on
due to her non-availability, were exposed to the odour from the
appropriate condition in this way between five and 30 minutes
before each testing session. The odour used in the mmal -
exposure was not re-used in the testing sessuons .

Testing took place in a well a"erated room. Pads were plaCed in
“numbered 500 ml pyrex conical flasks with foil caps which could be
removed to sample the odour and then replaced Photographs
~ were presented in separate numbered envelopes. Ratings were
carried out on a seven point scale anchored by verbal descriptions.
First, women sniffed the jars and rated (1) the attractiveness and -
(2) the intensity of the body odour in each jar. Second, the women
opened the envelopes and rated the attractiveness of each man
for (3) a short-term and (4) a long-term relationship. Lastly, the
'women were asked to pair the numbered jars and photographs
and assess both facial photograph and body odour together in
~ order to rate each man for (5) a short-term and (6) a long-term
relationship. For each rating, women also had the opportunity of
indicating on their rating sheet that they could not detect anything
~which smelt like body odour,. or that they recognised the male in
the photograph: in either of these instances, they were not
expected to rate that stimulus. For the second session, women
were told that they mrght have seen some of the males in the |
'photographs in the first session, but that they should approach the
task afresh. Up to three women attended any mdrvrdual rating

session at one trme

The mean rating given in each condition to each question by each
woman was calculated. If a woman indicated that she could not
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detect anything that smelt Iiké body odour in either of the sessions,
the rating she gave to that sample was excluded from both

‘ sessions._ There were four occurrences of a sample being deemed

odourless. If a‘w'o'man indicated that she recognised the man at
any point during the sessions, all photograph ratings (i.e. queé.tions ‘
3 — 6) were excluded from both sessions. One man was
recognised by two women. Exclusions thus affected 48 out of a
possible 1440 ratings. Excluded scores were replaced .by the
average score of all of the other women. This is a Conéervative
method, reducing between-conditions variance. Data analysis was
carried out in SPSS 15.0. Rater as unit of analysis allowed
consideration of all six dependent variables (i.e. from all six
scores) in one analysis. Greenhouse-Geisser correction was used

when data were non-spherical (Mauchly's test of sphericity, p <

.05). Differences between the sets of scores used in the paired-

samples t-test were norma"y distributed (all Shapiro-Wilk p > .1).

3.1.2 Results _ _

Repeated-meas_ures analysis of mean ratings for each question
(within subjects factors: question 1 — 6, experimental condition)
showed that women gave significantly higher ratings in the session
when they were exposed to androstadienone compared with the
control condition (F1.1s = 5.96, p = .025) with a medium effect size
(r = 0.47)(Figure 4). There was also a significant effect of question
(F25482 20.027, p < .001), but no interaction between condition
“and question (F2037. = 563, p = .728). The inclusion of condition -
order (whether the androstadienone condition was first or second) |
in the model did not qualitaiively change the results, and theré was

no main effect of or interaction with condition order (all p > .24). |
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4.5 .

question 1 question 2 question 3 question 4 question 5 question 6

Figure 4. Mean ratings by condition. Question (1) body
odour attractiveness and (2) intensity; photograph
attractiveness for a (3) short-term relationship and (4)
long-term relationship; overall attractiveness for a (5)
short-term and (6) long-term relationship.

3.2 Experiment 3b: Interactions with quality

3.2.1 Methods

Data were collected in two rounds (Samples A and B). Sample A
consisted of 20 women and Sample B 19 women aged 18-35, all
of whom reported themselves to be predominantly or exclusively
heterosexual, who were recruited from among university students
and social contacts and consented to participate in a two-session
study on the effects of odour on perceptions. At each session,
women used cotton wool pads to apply conventional experimental

concentrations (Jacob et al. 2001b; Lundstrdbm & Olsson 2005;
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~ Saxton et al. 2008) of either clove oil (1% clove oil in propyléne
glycol) or 4,16-androstadien-3-one (250 uM concentration in the
- clove oil solution) in sufficient quantities to saturate the area of skin
~ between mouth and nose, from a 1.5 ml Ebpendorf containing
' approxmately 1 ml of solution. The order of condltlons was
- counterbalanced across women and double- bhnd

Sample A women attended two sessions between four and 24
hours apart. At least 10 minutes after odour application, the
women were presented WIth a rating task in which they useda 1 -
7 scale anchored by verbal descriptions (‘unattractive’ and ‘very
~ attractive’) to rate the attractiveness of a set of photographs of 40
British white male faces without facial hair aged 18 — 25 who had -
‘been genotyped at three key MHC loci, HLA-A, -B, and —-DRB1
(full details at Roberts et al. 2005c). 20 of the men were
heterozygous at all three loci and 20 of the men were homozygous
at one (n = 16) or two loci. Sample B women carried out the rating
task between 40 and 60 minutes after odour application, following
- an unrélated task. Sample B session scheduling was conétrained
by female and testing room avéilability, but days between sessions
. wére approximately counterbalanced; sessions took place one or
~ two (n = 6 androstadienone, 7 clove condition first) or between five
and 14 (n =3 androstadienbne, 3 clove condlitio}n first) days apart.
Women were debriefed by email after the experimental sessions
with all of the participants had been Completed.

- After the second session, Sample A women completed a
questionnaire that asked whether the odour smelt odd or musky;
all replied in the negative. After the second session, Sample B
women were asked whether the odour smelt differently from the
previous session. If a woman replied affirmatively (n = 10), she
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was given an odour sensitivity teét in which she was presented‘
with five sets of three 1.5 ml Eppendorfs and asked to note'_down
the odd one out from each set of three. Of each set, two contained
1 ml of the clove oil solution and one contained 1 ml of the
androstadienone in clove oil solution. Women were left alone to
- complete this task. Six women correcﬂy selected the Eppendorf |
: containing the andfostadienone solution as the odd one out.‘three
or miore times out of five; results are qualitatively identical with the
exclusion of these six women.

" Menstrual cycle stage and hormonal contraceptive usagé .(Sample '
A, n = 10 non-users; Sample B, n = 18 non-users) were noted
because this may affect ratings of facial attractiveness (review in .
- Jones et al. 2008a). .Onset of next menses of Sample B women
was confirmed by email subsequent to.the sessions. Amongst
Sample B women, two sessions (n = two Women; one -
androstadienone condition, one clove condition) were held during
the ‘fertile window’ (Wilcox'ét al. 1995) 15 to 19 days prior to next
onset of menses (i.e. Day 10 - 14 of a 28-day cycle), where
counting‘ backwards from next onset of menses to determine
fertility is more accurate than COuhting forwards from last menses
(see Johnston et al. 2001). Sample A women carried out the rat'ing
tasks at most 24 hours apart, thereby minimising any effect of

“menstrual cycle phase.

Analysis was carried out in SPSS 15.0. Rater as unit of analysis
~ allowed uSa'ge of the repeated-meésures format in its tfaditional
sense, i.e., to compare scores across time. Non-parametric
~ correlations were used when data were non-normally distributed
(Shapiro-Wilk, p < .05). There was some indication of non-normal
distribution of the differences between the averége fatings given
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by each woman in the two conditions (Shapiro-Wilk p = .015 but
Kolmogorov-Smirnov p > .2); results are qualitatively identical with
the non-parametric Wilcoxon signed-ranks test. Sample was
Jincluded as a factor since there Were differences between the two -
groups, including length of time between sessions, hormonal
contraceptive usage, and completion of an unrelated task prior to
the testing by the Sample B women.

3.2.2 Results .

A mixed-model ANOVA COmparing the mean attractiveness rating

- given by each woman in‘ the two conditions (between-subject

' factors: Sample A of B; within-subject factors: Condition) revealed

no main effect of Condition (F137 = 1.591, p =.215). Women in

Sample B gave significantly higher ratings than wbmén in Sample

A (Fi37 = 72.407, p < .001). There was no interaction between

* Condition and Sample (Fiy = 1.348, p = .253). Results are
qualitatively identical if hormonal contrécéptive usage is included

as a between-subjects factor. ' |

'Following the analyses of Roberts et al. (2005b) and Wedekind et
al. (1995), examination was also made to determine whether men -
were given higher ratings in the two conditions in a paired-sample

~ t-test where man was unit of analysis. There was no effect of

Condition on ratings (Fiss = .071, p = .792); results were

qualitatively identical with the inclusion of heterozygosity as a

- within-subjects factor (F13s = .072, p = .790). Since there were
signiﬁcént differences between the ratings by Sample A and
Sample B women that could not be statistically controlled when
man was unit of analysis, the Samples were also analysed
separately. There was no effect of Condition on Sample A ratings

'(tsg = 247, p = .806), but men Were given significantly higher
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~ ratings by Sample B women in the androstadienone cbmbared
with the control condition (tsg = 2.299, p = .029). |

Since there was some evidence that women in Sample B were .
“giving higher ratings in the androstadienone condition, the next
analysis' considered whether there was ahy interaction between
the farget male and the rating increase for Sample B alone. There
was no relationship’ between the extent to which a male was rat’edA
more attractive in the androstadienone compared to the clove
condition and the rating of his attractiveness by a brior group of 36.
British white women ’aged 18 — 34 (full details in Roberts et al.
2005c) (Kendalls 7 = -046, p = .675), and no effect of
heterozygosity oh attractiveness increase. (mixéd model ANOVA;
within-subje'cts factors: androstadienone or clove condition;
between-subjects factors: heterozygous or homozygous at the
MHC; F3g = 1.977, p = .168; Condition remains. significant).

Finally, the association between androstadienone and increased
- discrimination between heterozygosity and homozygosity was
examined. For each woman, the mean score that she gave to the
heterozygous men was divided by the mean score that she gaVe to.
the homozygous men in each condition. Ratios were significantly
- more equal in the andrqstadie‘none condition (mixed -model’
ANOVA,; within-subjects factor: condition; betwéen-suvbje.cts factor:
Sample; Fq37 = 5.834, p = .021), with no effect of or interaction
with Sample (both p > .2).

- 3.2.3 - Discussion ‘

| In EXperiment 3a womén rated body odour samples, facial
"photographs, and the overall attractiveness of six males in a
within-subjects design in two conditions. In one condition,
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androstadlenone ina carrler solution of propylene egcoI had been
added to the body odour samples; in the other condition, the
arrle'r solution alone was added. Women gave significantly hlgher
ratings in the androstadienone condition, with no  interaction
" between the condition and the type of rating (e.g. body odour -
| attractiveness). That is,' attractiveness enhancement was not
réstricted to one aspect of male éttractiveness, but influenced
ratings of odour, visual attractiveness, and overall attractiveness.

In Expérimént 3b, two samples of women rated the attractiveness
- of facial photographs of 40 males in a within-subjects design in two
conditions where éndrostadienbne in clove oil, or clove oil élone,
had been applied to the area of skin below thé nostrils to allow for
passive inhalation of the odour. The second sample of women
-gave significantly higher ratings than the first éémple irrespective
of condition, and there was some evidence that the second sample
gave significantly higher ratings in the androstadienone relative to
the control condition. However, this was only épparent when man
was unit of analysis. This discrepéncy may be because two
women in particular were drivihg thé effect, one of whom gave
'unusually low ratings in the control condition and one of whom -
gave unusually high ratings in the androstadienone condition.
Further research is required to determine whether this is a random
fluctuation, or a consequence of individual differences in

. androstad|enone detectlon and response (c.f. Lundstrém et al.

2003b; Keller et al. 2007).

Together, these results are somewhat consistent with previous

findings that androstadienone exposure is associated with the

enhancement of attractiveness ratings, eSpeciaIIy in more
ecologically valid contexts (Chapter 2; Saxton et al. 2008). They
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are ~ somewhat inconsistent with prekvious findings that
androstadienone does not enhance ratings of photographic
attractiveness (Lundstrém & Olsson 2005). The reason for the
discrepancy may be that photographic stimuli are overly sparse
replicas of real-life men. Experiment 3a presented better evidence
than Experiment 3b for modulation of attractiveness judgments,
and only in Experiment 3a was odour was presehted alongside
'visual cues, thereby better reflecting men in real life.

Experiment 3b also sought to determine whether, amongst the
“second sample of women in which there was some évidence for
an influence of androstadienone on attractiveness rating, there
was any interaction between rating differences between the two
conditons and male mate quality, measured by MHC
~ heterozygosity or by rated }attrvacti.veness. There was no
relationship between a male’s attractiyeness and his attractiveness
increase, nor any effect of heterozygosity on attractiveness
~increase. However, when Sample A and Sample B women were
considered all together, there were significant differences between
the two conditions in terms of women's discrimination, as
measured by the set of ratios created by dividing the mean rating
that she gave to the heterozygous men by the mean rating that
she gave to the homozygous men. Ratings of heterozygous and
homozygous men were significantly more equal in the
androstadienone  condition. This implies that the less
reprodUctively desirable homozygous men benefit more thén'
heterozygous men from the presencé of the ahdrostadiénone; if
androstadienone is a cue of quality, there may be é_ ceiling effect
or an asymptote where more desirable meo benefit less. Yet this is
" not consistent with {he finding that only women in the second
sample, who gave highef' ratings ifréspective of condition, may
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'have been influenced by andrqstadienoné; nor wifh the finding of
- no correlation between a man’s attractiveness and the extent to
which he benefited from androstadienone. Accordingly, the results
would benefit from replication. '

The results also have methodological implications for research on
androstadienone. The solution of androstadienone that was added
to the body odour samples (Experiment 3a) or applied to the area
of skin below the nostrils (Experiment 3b) foliowed standard
experimental cbncentrations (Jacob & McClintock 2000: Jacob et
al. 2001b; Lundstrém & Olsson 2005); previdus research indicates
that - this - concentration’ may be consciously detectable by
approximately 14 % of a sample of male and female students
when presented in a 15 ml solution of propylené glycbl in 250 ml
polypropylene squeeze bottles (Lundstrbm et al. 2003b), and
another study found that three of nine women detected a musky
smell when androstadienone was presented at this concentration
but without clove oil (Jacob & McClintock 2000). N.evertheless, in
Experiment 3a, the concentration used appears to have affected
‘odour samples to the extent that ‘they‘ were rated as more intense
in the androstadi'enone condition. In Experiment 3b, despite the
use of the clove oil masking odour, over one half of the Womeh of
the second sample reported differences between the subjective
qualities of the first and second odour, and nearly one third of the
women demonstrated . the ability to distinguish consciously
between the odours in an odd-one-out test. Androstadienone when.
smelt at above-threshold levels is often evaluated négatively
(Boulkroune et al. 2007), and it is possible that a leséer quantity
~ would have had a more positive effect on ratings (Li et al, 2007).
Together, these results suggest that caution should be used in
employing the standard concentrations which have been used
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previously in androstadienone research if conscious detection of
andro's_tadiendne is to be avoided. To avoid this, future research
might consider using lower concentrations, a higher concentration
of clove oil (Jacob et al. 2002a), or passive inhalation rather than
- dermal application (Jacob et al. 2002a). The study design also
- assumes  that any natura|ly-oceurring \ q.uantities‘ of
androstadienone in the body odour samples used wefe sub-
optimal for the modulation of judgments, and that the addiﬁon of
“androstadienone could enhance ratings, although this has not
been specifically tested. ' ‘

The question of the proximate pathway of any judgment
modulation by androstadienone remains open. Androstedienone
has been previously associated with general. female mood
enhancement (Grosser et al. 2000; Jacob & McClintock. 2000;
Jacob et al. 2001a; Lundstrom et al. 2003a; Bensafi et al. 2004a;
Lundstrém & Olsson 2005; Villemure & Bushnell 2007), an effect
that could lead to enhanced social receptivity, including ratings of
attractiveness. Alternatively, the simultaneous presentation of
" multiple cues can lead to enhanced ease of detection and
memorability (leler & Porﬁiankowski 1993; Rowe 1999; Candolin
2003), an effect that has been demonstrated specifically in relation
to facial stimuli presented simultaneously with bodily odours
- (Kovacs et al. 2004).. Increased ease of .processing‘ by the
simultaneous perception of facial stimuli and an odour,
androstadienone, that has corporal associations, could lead to an
enhancement of consciously perceived attractiveness (cf.
Winkielman et al. 2006, who seek to explain fhe appeal of ’facial :
averageness with reference to ease of processing) |
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Experiment 3a sought to distinguiéh the impact of androstadienone
‘on various modalities by asking subjects to provide separate
ratings in relation to each. However, it is not clear that changes in
attractiveness perception can be sensibly localised to any
particular modality; cross-modal interaction between the senses is
well established (e.g. Zuckerman et al. 1991; Castiellb et al.'2006).
- The most parsimonioUs description ‘may be that female affect
towards men became more positive, or-even merely that female
affect in general became more positive, and that more positive
physical evaluations constitute one instahtiation of this change.
Irrespective of the mental substrate to these changes, the results
present evidence for androstadienone-related alteration of mate

choice behaviours.
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~ Short-term variation: general discussion

The three experimente in Chapters 2 and 3 pfesented novel
evidence for a link between andrbstadienone exposure and the
enhancement of female ratings of male attractiveness. This
expands our understanding of the function of androstadienone,
and recommends a number of avenues of further investigation.

Most urgently, the results imply that investigation of e' link between
male quality and androstadienone production may be productive.
The few studies that have investigated androstadienone
produetion levels have demonstrated a large amount of individual
variability (Nixon et al. 1988; Fukushima et al. 1991; Gower et al.
| 1994). Conversion between testosterone and androstadienene has
been demonstrated in vitro (Stylianou et al. 1961),»presenting a
possible biological pathway between androstadienone production
and mate quality, and 3upporting indirect evidence for such a link
(Cornwell et al. 2004). A study of a relatively small sample of men
(n = 11) found a positive but low-effect correlatlon between
androstadlenone and testosterone plasma levels; signifi icance
values are not given and the authors report the relationship as the
. absence of any correlation (Fukushima et al. 1991). Further work

is merited.

The introducfory comments to Section 1 noted two distinct
~ approaches to psychological investigation of how humans are '
influenced by ‘biologically relevant odours. One approach is to
consider the effects of a chemical, irrespective of the information
conveyed. This approach has characterised re'search on chemicals |
such as androstadienone. A second approach is to privilege the
role of the information above the identity of the chemicals involved.
This approach is more common amongst investigatien of how
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MHC type may influence preference, for instance. Investigation of
the information, if any, conveyed by androstadienone, would have
- the benefit of combining methodology from both of these
“approaches. ’

This discuséion would be incomplete without a comment on the
enticing controversy surrounding ‘human pheromones’. It is
.undisputed that non-human animals make usé of pheromonal
communication -(e.g. Wyatt 2003). Yet the notion of ‘human
pheromones’ is controversial (e.g. Ben-Ari 1998; Jacob et al. -
2002a; 2005). This is apparent even in terms of the terminology
~used; in humans, published reports of physiological or
psychological responsés to substances that are chemically related
' to animal pheromones refer to these non-committedly as ‘steroids’
(Bensafi et al. 2004a; Bensafi et al. 2004b; Boulkroune et al. 2007;
Villemure & Bushnell 2007), diplomatically as ‘chemosignals’
(JaCob & McClintock 2000; Jacob et al. 2001a; Jacob et al. 2001 b;
‘Lundstrém et al. 2006; Saxton et al. 2008), or cautiously as
‘putative pheromones’ (Monti-Bloch & Grosser 1991: Lundstrém et
al. 2003a; Gulyas et al. 2004; Savic et al. 2005). The roots of this
debate are in part empirical. A pheromone must function in a
normal, non-experimental context (Jacob et al. 2002a). Although
the experiments of Chapters 2 and 3 show that this may be
possible in relation to androstadienone response, they do not‘ show
that the quantities actually emitted have that effect. Yet there
seems also to be another component to the objection to the notion
'of ‘human pheromones’, which may relate to g prissinéss
surrounding the conception that humans are subject to the same
biological forces that affect other ahimal species A(seé'e.g. Dennett
- 1995). Researchers of the behavioural effects of androstadienone

'seem most comfortable with the term ‘chemosignal’, and yet it
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should not be overlooked that this is in some senses a stronger
claim than usage of the term ‘pheromone’. Pheromoﬁes are,
“chemicals which are secreted to the outside by an individual and
received by'a second vindividuanl of the same species, in which they
release a specific réaction, for exémple, a definite behaviour ora
_developmental process” (Karlson & Lischer 1959, p.55). A signal
is, “Any act or structure that (i) affects the behaviour of other
organisms; (ii) evolved because of those effects; and (iii) which is
effective because the effect (the response) has evolved to be
affected by the act or structure” (Scott-Phillips 2008, p.388).
Naming a chemical as a chemosignal thus makes a specific claim
not only to its function, but also to its bhylogenetic_history ahd the
nature of the relationship (i.e. collaborative rather than coercive)
between the sender and receiver.

The experiments in Section 1, then,‘ showed how humans may
~ adjust their mating preferences on an immediate basis in relation
to cues available in the environment. The experiments in Section
2 go on to examine how human mating behaviours may be
adjusted over the medium term. -
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SECTION 2: MEDIUM-TERM VARIATION: EFFECTS
OF THE MENSTRUAL CYCLE

Next, in Chapters 4 and 5, we turn to the menstrual cycle. This
topic has recently met with much scientific enquiry, with reports
that a woman’s appearance, and her mate preferences, change
systematically across the cycle. The menstrual cycle was selected
as the arena in which variation would be investigated across the ‘
medium term because the time span is clearly delineated, and
because research on this topic is burgeoning. ‘Further this -
research topic is well defined both at the proximate level by virtue
of the hormonal substrate, and at the ultimate level with reference
to the reproductive consequences of the phases of the cycle.
Existing literature often embraces both levels, and accor&ingly

 these are introduced next.

' From the perspective of behaviour as biological adaptation, the
most interesting consequence of the menstrual cycle is that it
marks the systematlc rise and fall in the likelihood of conceptlon
following intercourse. Data from a relatively Iarge study of 221
healthy women who were trying to become pregnant showed that,
of the 192 pregnancies iniﬁated, conception only took place when
intercourse had occurred during a six-day period that ended on the
day of ovulation, where ovulation was estimated from oestrogén
and progesterone metabolites in urine (Wilcox et al. 1995).
Functionally-based studies of the relationship between the cycle
and preference or behaviour changes must choose some way to
identify ovulation and this conceptive phase, and often base this
on the hormonal or physiological changes of the cycle. |
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There is a complex hormonal interplay affecting ovulation and the

“menstrual cycle (details in e.g. Sherwood 1989). Gonadotrophic- . -

releasing hormone from the hypothalamus causes release of
follicle-stimulating hormone from the putwtary gland This leads-to
the maturation of a ‘handful of follicles in the ovanes and
stimulates the ovaries to produce oestrogen. This oestrogen~
- increase supports the development of an ovum, thickens the lining
of the uterus, and thins cervical mucus. Next, follicle-stimulating
hormone levels dip, and then rise again as luteinising hormone
release from the pituitary gland peaks sharply, triggering oVulation
and marking the end of the follicular phase and the beginning of
~the luteal phase. The empty follicle now becomes a progesterone-
- producing corpus luteum. This progesterone thickens the mucus at
the cervix and supports the development of the womb fining. So
long as no fertiised ovum is implanted, progesterone levels
eventually drop, and prostagléndins released from the lining of the
uterus precipitate uterine contraction and menstrual bleeding.

A key methodological challenge for psychological research on the
effects of the cycle is to choose an optimal method to'determine
“ovulation and‘.the' conceptive phase. There are a number of
p’ossibilities,' each with strengths and weaknesses. Roughly in
order of accuracy of detecting ovulation, clinical methods include
pelvic ultrasonography (Renaud et al. 1980; Garcia et al. 1981,
Wetzels et al. 1982; Vermesh et al. 1987; Behre et al. 2000), which
can trace the increase in size of the follicle and its apparent
disappearance as thé egg is released at ovulation; measurement
of the levels of the hormones estradiol, orogesterone or luteinizing
~hormone from blood plasma (Vermesh et al. 1987; Behre et al.
- 2000); or. measurement of luteinizing hormone from urine (Guida et
al. 1999). These necessitate inconvenient and costly daily
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attendance of the subject at a clinic, although this last method can
equally be carried out by fairly accutrate commercially available kits

(Vermesh et al. 1987; Gudgeon et al. 1990; Miller & Soules 1996;

Behre et al. .2000). Methods such as'measurement'of salivary

- ferning, inspection of cervical mucus, basal body temperature

rises, and the noting of mittelschmertz (a sensation or pain

- associated with the release of the ovum from the follicle) tend to be

fairly unreliable indicators of ovulation (Kerin 1982; Wetzels et al.
1982; Vermesh et al. 1987; Guida et al. 1999) and require a fair

degree of participant compliance, commitment and training. |

‘Non-clinical methods may also be used. Although the menstrual

o cycle can vaty'in length both between and within women (Burley

11979), ovulation occurs fairly reliably 14 days prior to the onset of
menses (Fluhmann 1957; Lein 1979). Owvulation can therefore
either be predicted from information on a woman’s average cycle
length and the date of onset of last menses, or determined
retrospectively from information on the woman’s next onset of
menses. These types of ‘counting’ methods are conventionally -
used in the behavioural literature. Their advantages include that,
relative to the clinical methods, they are less invasive and more
“convenient, and thus often more acceptable‘both to ethics
committees and to female participants. They can be used outside
of the laboratory or remotely, such as in internet-based data
collection. Lesé obviously, researchers can conceall from the
participants that they are investigating cycle - effects, thereby
' redut:ing the likelihood of demand characters. ‘However, the
counting method also has s‘omeA disadvantatges. Women may
forget or be careless in reporting menses dates. The onset of
mensés can be hard to identify for those women who experielnce a
particularly light flow at onset (Walker 1997). Perhaps more
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seriously, menstruation does not confirm that ovulation has
occurred, and in fact anovulatory cycles are not uncommon,
especially in the early postmenarcheal phase which constitutes the -
* first three years after menarche (Apter 1980; Apter & Vihko 1983;
~ Ibanez et al. 1999). Reports of the'prevalehce of anovulatory -
, éycles amongst adult women range from less than 1 % (Behre et
al. 2000), to 10 % (Morrell et al. 2002), to between 10 % in
sedentary women to around 50 % of regularly exercising women
(De Souza et al. 1998). Although anovulatory cycles share some of
the hormonal characteristics of bvulatory cycles, it is not cl'ear"

prima facie that we should expect them to provoke an identical |
profile of behavioural or cognitive changes. | |

Deépite methodological problems such aé these, psychological
research, which tends to make use of counting methods to
determihe cyclé phase, has presented fairly consistent findings.
One branch of this research has éxamined female attractiveness,
whvi’ch seéms io be rated more highly at the‘high-fertility compared
with the low-fertility p'hase of the cycle. Attractiveness changes
across the cycle have' been docu‘mented in a‘ wide range of
specific modalities; studies are reviewed in more detail in Chapter
4. A typical experimental desigh asks raters to compare high- and
low-fertility recordin‘gs' of a set of females, and choose the more
attractive. Recordings might be a photograph, or a body odour
samplve, for instance. Cycle-related changes in attractiveness are
“reported to be subtle (e.g. Roberts et al. 2004). However, women
do not tend to be perceived in single modalities in the real world,
and changes may be more eésily detectable when suites of
modalities are presented simultaneously rather than in isolation
(c.f. Maller & Pomiankowski 1993; Rowe 1999; Candolin 2003). To
understand how cycle changes in attractiveness influence others’
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perceptions, it may therefore be necessary to present stimuli in
more than single modahtres and this question is taken up in
Chapter 4. Indeed, a concern relating to this interplay between
single and multiple modalities has recently been mooted in a
related research area. Psychological research often makes use of
single-modality recordings, such as facial photographs, to evaluate
or represent the attractiveness of an individual. Yet the validity of
using such single-modality traits in this way has been put into
question (Rubenstein 2005; Landerv'2008). Chapter 4 reports two
cemplementary studies, one of which sought to determine the
relationship between single-modality traits and everell
attractiveness, and the second of which investigated how changes
in attractiveriess across the menstrual cycle in single traits may be
- relevant to more holistic contexts. The studies find that between-
individual differences in visual and vocal attractiveness are related
and contribufe to.ratings of individual attractiveness, but that
within-individual changes in attractiveness across the cycle do not
correspond highly across modalities.

The question of whether changes in a Woman’s attractivveness
function to her benefit, or to the benefit of the per’ceiver.; is
discussed later. It is perhaps not surprising to find though that
female attractiveness changes do not fUn_ction in isolation from
female cognitive changes. Again, changes in woman's mate
preferences across the cycle are well-documented, and are
reviewed in. Chapter 5. In essence, when women make mate
choice judgments, they appear to be most attuned to markers of
genetlc quality, and to be averse to cues of resemblance, durmg
‘the conceptive phase of the cycle (Jones et al. 2008a). Yet an
individual who is desirable with respect to one of these qualities -
may be undesirable because of the other; the question of how
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women might weight these two dimensions‘.ha's so far gone
unexamined (Roberts & Little 2008). Chapter 5 reports two studies
~ which investigate this, the first a larger single-shot preference
. study, and' the second a two-session study with relation to the
menstrual cycle.‘ The studies find that judgments of self-
resemblance and sexual dimorphism may be described by a
context-dependent, heirarchical rule; the study reported presents
no evidence for menstrual cycle effects on these judgments.
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Chapter 4: Single- and multi-
trait attractiveness

4.01 Components of attractiveness
Although judgments of physical attractiveness can be made with
reference to a wide rahge of physical attributes, most work on
" human attraction has employed single-rﬁodality stimuli such as
_photographs of faces or recordings of voices, with ratings of these
traits often assumed to be a proxy for the overall attractiveness of
an individual (review in Rhodes 2006). Research has shown that
~ both face and voice (Zuckerman et al. 1991), face and body
~ (Mueser et al. 1984; Brown et al. 1986; Raines et al. 1990b; Peters
et al. 2007), and face and dynamic expressiveness (Riggio et al.
1991) can contribute individually to perceptions of individual |
attractiveness. Yet work on the contributidns of various modalities
(in particular, the relative importance of face and ydice) to social
impression formation (e.g. perceptions | of dominance or
trustworthiness at zero acquaintance) has emphasised that the |
~contribution of each modality is dependent both updn the context
in which judgments are made and the context in which stimuli are
feco’rded (Ekman et al. 1980; Zebrowitz-McArthur & Montepare .‘
1989; Raines et al. 1990a, b). To understand how the different
" modalities contribute to perceptions of attractiveness at zero
acquaintance, then, research specific to judgments of
attractiveness in zero achaintance. sqcial contexts is necessary.
Such research has shown that the face is more important than the
rest of the body to judgmenfs of static‘yvholé-body attractiveness
(Peters et al. 2007), and that facial attractiveness and dynamic
expressiveness are more important 'than attracfivéness of bddy or
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dress (Riggio et al. 1991). Yet an exammatlon of the various
contr:butors to overall personal attractiveness in more naturalistic
conditions, and in particular a consideration of the important
modulatory effect of vocal attractlveness to overall attractlveness
(Zuckerman et al. 1991) has so far been lackmg

Related to the question of the contributions of the different
modalities ‘to attractiveness judgments, there is a controversy over
: whether differeni traits each provide similar information on an
}'individual’s attractiveness. Correlations betwéen attraetiveness
ratings are 'pfedicted on the theoretical footing that physical traits
may proVide concordant information about an individual's suitability
as a partner (Moller & Pomiankowski 1993). In line with this,
ratings of faces and voices (Feinberg et al. 2005a; Saxton et al.
2006), faces and odour (Rikowski & Grammer 1999), and male
~personahty and odour (Havlicek et al. 2005) are bositively |
correlated within an individual. Yet other fi indings have been mixed.

Research has found a relationship in women but not in men
between the ratings of faces and bodies (Thornhill & Grammer
1999; Peters et al. 2007), and between the ratings of faces and
facial movement (Mornson et al. 2007). Reports of the
correspondence  between  attractiveness ratings of facial
photographs and silent videos of the moving faces have keported |
variously that they correspond in stimuli of both sexes (Brown et al.
1986; Roberts et al. in review), in female but not male stimuli
(Lander 2008; Penton-Voak & Chang 2008), and not in female
stimuli  (Rubenstein  2005). Similarly, correlations  between
attractiveness ratings of voices and video recordings of the faces
have been reported as lacking (Raines et al. 1990b) or as present
only from opposite-sex judgments’ (Lander 2008). Finally, no
significant correlations have been found between attractiveness
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ratings of voices and facial or'physical appeerance (see Oguchi &
Kikuchi 1997; Lander 2008), between‘face, body and dynamic
movement (Riggio et al. 1991), and between ratings from
photographs and ratings by peers (Kniffin & Wilson 2004). Such
inconsistencies cast doubt on the validity of using single measures
such as static facial photographs to serve as proxies for overall
individual attractlveness -

Experiment 4a, then, explicitly tests the contribution of, and
_relafionship between, specific components in different modalities
(i.e. face, clothed body, and speech) to overall judgments of
attractiveness. We first video recorded a set of target individuals
as they introduced themselves. We then asked one group of raters
to rate each'of these introductions for attractiveness, ahd a
second, independent. grohp of raters to rate the .various
components (face, clothed body, speech) of these videos for
attractiveness. We investigated the relative importance of each of
the isolated vcomponents to the overall rating, and whether there

- were correlations between the individual components.

4.0.2 Attractivehess changes across the cycle: a multi-
modal signal?

Differences in attractiveness between individuals are apparent
from our everyday experience, but attractiveness can also vary
within individuals. There has been a good deal of recent research
interest .in how a’ woman's attractlveness varies across the
menstrual cycle (for a review, see Gangestad & Thornhill 2008).
Female conception risk varies across the cycle, being highest in
the days leading up to and including ovulation (Wilcox et al. 199'5).
During this fertile window, ratings of female attractiveness have
~ been found to increase. Several studies have reported that female
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_ bodily odours (armpit and genital) are rated as more pleasant at
the high- compared with the low-fertility phase of the cycle (Do’ky et
al. 1975; Poran 1994; Singh & Bronstad 2001; Kuukasjarvi et al.
2004; Havlicek et al. 2006). In normally-cycling women, - facial
photogra‘phs, whether masked to }t:onceal the hairstyle or with the
hairstyle visible, are rated as more attractive at peak fertility
- (Roberts et al. 2004), as are recordings of women's voices
(Pipitone & Gallup 2008), and men judged whole-body
photographs of women to be more attractive at the fertile
compared with non-fertile phase (Schwarz & Hassebrauck 2008).
Women at peak fertility are judged as “trying to look more
attractive” in their clothing choices (Haselton et al. 2007), and
higher levels of estradiol, a_hormone associated with ovulation,
have been linked to the wearing of more revealing elothing
(Grammer et al. 2004). Although the majority of studies have |
focused on laboratory-based ratings of the attractiveness of single
traits such as odour or face, recent research has also found that
financial earnings of female lap-dancers increase at hlgh-fertlhty
(Miller et al. 2007). The reasonv for the increased earnings is
_unknoWn, but if it is attractiveness based, this suggests that
attractiveness changes may have meaéur_able effects in ihe real -
~ world, at least in explicitly sexual contexts. However, it is not yet
“known whether changes in attractiveness are apparent when
raters are presented with a suite of traits such as would be
experienced in the real world in more social contexts, and whether
these changes can be detected simultaneously in a varlety of

characters.

One p035|b|hty is that changes in attractlveness across the
- menstrual cycle are partlcularly evident in some traits or modalities
and less apparent in others. It has been suggested that
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attractiveness changes may have behavioural impacts within
established sexual relationships (Haviicek et al. 2006); signalling
theory predicts that these sorts of collaborative relationships may
lead to the evolution of particularly subtle signals that are most
evident to a close partner (Krebs & Dawkins 1984'vand Provost et
al. 2008 make this argument specifically in relation to fertility). In
addmon there are likely to be morphological constraints on
attractiveness changes. For lnstance, cyclic changes have been
demonstrated in the symmetry of soft tissue such as that making
- up the ears, digits, and breasts (Manning et al. 1996; Scutt &
Manning 1996), and so traits in which soft tissue changes are most
evident may be particularly prone to provoke differences in
judgments of attractiveness.

Alternatively, it may be that changes in attractiveness associated -
-with the high§fertiiity phase function as a single ‘ornament’ that is |
evident across a range of traits. If each trait in one individual-
presents multiple concordant information, this can lead to
inoreased detection, recognition, discrimination, and memorability
-of the underlying information as well as constituting back-up
signals that ensure that the message reaches the recipient (Maller
& Pomiankowski 1993; Rowe 1999; Candolin 2003). As such,

prevrous reports that changes in rated attractiveness between
high- and low-fertility phases are very subtle (e.g. Roberts et al.

2004) could underestimate the size of the effect. If physical
attréctiveness increases in a number of traits simultaneously, this
may lead to changes in attractiveness that are more readilv
~ perceptible when judgments are made with reference to multiple

traits.
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Accordingly, Experiment 4b set out to test the effect of, and
concordance between, different modalities in perceptions of female
attractweness across the menstrual cycle by recording women at
h:gh- and low-fertility phases, contrastmg normally-cycling women
with a control group of users of hormonal contraception. Women
were recorded introducing themselves as they might When they
met someone for the first time, a procedure chosen in order to
establish ecological validity in the context of human mate choice.
One group of raters was asked to judge which of the high and low
fertility video recordings was more attractive, and a separate group
made the same judgments in relation to component stimuli v(e.g.
facial photograph, voice recording).

4.1 Experiment 4a: Components of attractiveness

411 Methods
Fifty mdwuduals (aged 18- 39; mean + SD 24 + 4 years; 25 males) ’
were recruited from the student population and from social

contacts. Individuals provided informed consent to participate in a -

study on the contribution of different components to impression
formation including initial attractiveness judgments. Each individual
‘was asked to introduce themselves as though meeting someone
new, and to speak for at least 20 s. Sitters were recorded at a
distance of approximately 1.5 m from the video camera (Sony DVD
DCR200E) while seated in front of a white backdrop. The zoom
was adjusted manually to frame the participant from top of head to
mid-thigh. White balance, exposure and focus were manually' set
and held constant. Sitters were asked to introduce themselves as
they might upon meeting someone for the first time in a pub or bar.
They were prompted to talk on any subject they wished, including
their studies, hobbies, work, free time, holidays or weekend
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activities. Sitters were free to request th'st the researcher leave the | .
room for the duration of the recording, and to have a repeat take of .
the recording, for example if they failed to speak for 20 s. Sitters

were photographed (Canon Powershot) in front of the white -
backdrop as they adopted a neutral expression looking straight at
the camera. Seated photographs of the face alone, and then
standmg photographs of the entire face and body with arms held
vertical and parallel with their sides, were taken. Indrvrduals were
also recorded (M-Audio Microtrack 24/96, Audro—Technrca ATR55
Telemike Shotgun cardioid condenser microphone) as they read
- out a semantically neutral» sentence: “The quick brown fox jumped
over the lazy dog”. All recordings were made in fhe same looation
within a wrndowless recording room lit wrth standard fluorescent
lrghtmg ’

Facral photographs were cropped with an oval around the face
outllne concealing the majority of the ha|r (Corel Paint Shop Pro
Photo X2) and normalised in size with reference to interpupillary
distance (c.f. Burriss & Little 2006), and body photographs were
cropped from neck to fingertips (i.e. orhitti‘ng the head) and
- normalised for height. Size normalisation was carried out with
‘specialist image software (Psychomorph; Tiddeman et al. 2001).
Resultant image dimensions were 1276 x 1276 pixels (face) and
1181 x 1259 pixels (body). Video recordings were edited to a
duration of 20 s, cropped to dimensions of 400 x 480 square pixels -
and encoded as 25 f.p.s. QuickTime movies using the MPEG-4
codec (Adobe After Effects 7.0). Soundtracks were normalised for
amplitude to ensure volume similarity between recordings (Adobe |
Audition 2.0). ‘
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Raters (aged 18 — 32; mean _:t'SD = 20 + 3 years) were recruited
from the student popUlation of a different university from that at
which sitters were recruited, and participatevd in one of three
separate sessions in exchange for course credit. Participants filled -
out basic demographic information' on an anonym‘ous', paper-
based questionnaire. In two of the sessions, raters (N = 26;’ 7
"~ males) were presenfed with the c'omplete'20 s video of each self-
introduction. Raters reported themselves to be white European
’ exoept for one who did not answer; one rater reported herself to be -
homosexual and the rest reported themselves to be heterosexual.
In a third session, raters (n = 13; 3 males) were presented with
masked'neutral face photographs, upper'body images, and finally
video soundtracks. Small numbers of raters are Qenerally sufficient
for judgments of attractlveness because attractrveness judgments
are hrghly homogeneous between raters (e.g. Feinberg et al.

2005a; Jones et al. 2005b). Raters from the third session also
rated a subset (n = 39) of the voice recordings of the neutral .
sentence. Female strmulr were presented before male stimuli in
each case. Raters reported themselves to be white European
except for one ‘who described herself as Asian; one rater reported
herself to be bisexual and the rest reported themselves to be
heterosexual. Sessions took place in a classroom where stimuli
were projected onto a screen and sounds played over a speaker
system. Raters rated each stimulus for attractiveness on a scale
from 1 — 7 (anchors “unattractive” and “very attractive”) on a sheet
~of paper.v T.he'y were told that the sitters were recruited from a

normal student population, and with reference to this they should

endeavour to use the whole rating scale if possible. They were
instructed not to respond in any way which could transmit to others
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in the room their reaction. The mean attractiveness rating of each
component for each sitter was calculated.

Analysis was carried out using SPSS 15.0. Kendall's coefﬁcient of
concordance was used to examine concordance; ohe rater was
confused at the beginning of the session and did not rate the first -
25 masked faces, and so her ratings were excluded from the |
concordance calculations for all of the masked faces. If raters
- omitted to rate a stimulus (n = 55 of a possible 3225 ratings)
values were replaced by the mean value given to that stimulus so
that the rest of the rater’s ratings could be included in the analysis.
Kendall's tau is used for correlational analysis because some sets
of ratings were non-normally distributed once ratings had been
split for separate analysis for male and female stimuli. All
assumptions of regression were satisfied, including that of no
multicollinearity, as measured with. reference to correlation
between pairs of variables, VIF, tolerance, Ioadingé and
determinant of the correlation matrix (Field 2005). Ratings of the
heutral sentence were not included 'in the regression analysis
because they correlated highly with ratings of the soundtrack (r =
660, p < .001). The enter method of regression Was used because
no assumption was made as to the relative importance of each
component to overall attractiveness judgments (Field 2005). Mean
ratings of the overall video was unit of analysis, and mean ratings
of each component as the dependent variables, in the regression,
because this captured the logic of investigating how the ratings of -
the components relate to that of the overall rating.

412  Results

Agreement between judges was significant (face: W =.480; body:
W = .441; soundtrack: W =.339; all p <.001). Linear regression
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all ' male ' female

stimulj stimuli . stimuli

T p T p T P
“face 426 <001 350 015 463 001
body 460 <001 425  .004 374 . .010
soundtrack | .320 001 367  .012 204 . 044

Table 1: Correlations of
attractiveness ratings between
individual components and
rating of complete video

was used to ahalyse the relationship between the mean ratings of
" the complete video and the various components (dependent
variable: mean attractiveness score for overall video; independent
variables: mean attractiveness scores for each of the three stimuli
types). The oVera‘ll_ model was significant (adjusted r? = 508, F =
17.85, df = 46, p < .001). Mean ratings of the face (8 = .349, t =
3.07, p = .004), body (8 = .343, t = 2.89, p = .006) and soundtrack
(B = .278, t = 2.60, p = .013) were independently and positively
relatéd to mean ratings of the complete video.

Even though ratings were made by séparate' groups, there were
significant correlations between the mean rating of the complete
video and the mean ratings of the various components, both for all
stimuli or for male and female -stimuli separately (Table 1).
Correction for multiple bomparisons is ‘not made because the
correlations are not entirely independent of each other (i.e. if there
is a correlation between face and video when all stimuli are
judged, we would anticipate a similar‘relationship when the stimuli
are restricted to the men or the women) and so a straightforward
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correction is not possible. Mean ratings of the various componehté
were also positively and significantly correlated with each other
(face/body: 1 = .350, p < .001; face/soundtrack: r = . 196, p = .050;
body/soundtrack: r =, 197, p = .049).

413 Discussion ‘

The experiment builds upon previous research which has
examined how different components such as the face and body
combine to form a more holistic impression of personal
'7 attractiveness (e.g. Riggio et al. 1991; Peters et al. 2007). It also
sought to investigate conflicting findings showing that trait
attractiveness in different modalities is (e.g. Brown et al. 1986;
Rikowski & Grammer 1999; Thornhill & Grammer 1999; Feinberg
et al. 2005a; Havlicek et al. 2005; Saxton et al. 2006; Feinberg et
al.; Roberts et al. in review) or is not (e.g. Raines et al. 1990b;
Riggio et al. 1991; Oguchi & Kikuchi 1997; Rubenstein 2005;
Lander 2008) positiyely correlated. It sef dut to categorise the
relative importance of face, body and speech to overall judgments
of attractiveness, and to investigate the relationships between
attractiveness judgments of face, body and speech. A set of target
individuals introduced themselves on video tape. The self-
introduction video was designed to correspond to zero
acquaintance social contexts. One group of raters rated each of
these introductions for attractiveness; A second, vindependent
group of raters rated the various components (a facial photograph
of a neutral expression, masked to conceal the hair; the upper
body, revealing clothing choice; and the soundtrack of the video)

for attractiveness.

Although one group of individuals rated the full videos, and a
second group rated the face, body and speech, the mean ratings
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of the face, clothed body and speech (in order of relative
magnitude) were all significant predictors of the mean ratings of
the complete videos. Ratings of the individual components (face,
clothed body, speech) also correlated significantly With each other.
‘The correlation b_etWeen the face and body demonstrated a
medium-sized effect, while correlations with the speech were of a
small effect size. | ' ’

Our résults are not wholly consistent with previous research |
showing little relationship between attractiveness judged from a
voice recording compared with attractiveness judged from a video
recording (RainesAet al. 1990b, using videos complete with sound;
also Lander 2008 in same-sex judgments of silent videos), and
with findings of low or no relationship between the attractiveness
ratings of facial photographs and the attractiveness ratings of silent
video recordings of the speaking faces (Rubenstein 2005; Lander
2008; and Penton-Voak & Chang 2008 in recordings of males), but
there are a number of methodological differences. Unlike the
present study, vocal cues were only available to the raters of the .
videos in one (Raines et al.'1990b) of these previous studies.
Vocal cues can modulate judgments of attractiveness (Zuckerman
et al. 1991; Miyake & Zuckerman 1993; Zuckerman et al. 1993).
-Previous studies also used shorter video extracts (between twb
and 10 s compared to the 20 s of the cufrent study), and in all but
one (Penton-Voak & Chang 2008) of the studies attempted to
" eliminate (Rubenstein 2005; Lander 2008) or pre-specify (Raines
et al. 1990b) emotional information and personal expression,
qualities that affect perceptions of attractiveness (Raines et al.
1990a, b; Penton-Voak & Chang 2008). Exaggerated female facial
movements are associated with enhanced female attractiveness
(Morrison et al 2007; Penton-Voak & Chang 2008), and it is
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possible that dynamic emotional or sexually dimorphic exbression :
Strengthens_ the relationship between static and dynamic
attractiveness. In the present study, the inclusion -of vocal
information in 'I0nger and more naturalistic recordings where
personal and emotional expression are allowed represents most
realistically how an individual appears in the real \.Norld than do
emotion-free or soundless dynamic facial images. Although the
- current study makes use of videos that are still a step removed
from the real world, the f inding that individual components such as-
static facial images relate to overall attractiveness suggests that
ratings of individual components may yet be valid indices of overall
individual attractiveness, and suppofts such usage. |

In conclusion, the results suggest that studies that employ visual
stimuli aldne to assess individual attractiveness in a maté choice
context may be prone to a systematic source of experimental noise
in that they do not consider the role of vocal attractiveness.
Assessment of both vocal and visual components (c.f. Zuckerman
et al. 1991; Miyake & Zuckerman 1993) would assist in a fuller
understanding of an individual's attractiveness. Nevertheless, in’
replicating results showing that the face is more important than the
body (Peters et al. 2007), and in extendihg this to show that facial
attractiveness also has greater relative import than speech
attractiveness, the findings support the prevalent use of facial
. photographs as proxy measures of an individual's attractiveness
within human attraction and mate choice research. Future
research .might consider the. individual differences and thé |
contextual effects that may moderate this relationship.
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4.2 Experiment 4b: Attractiveness and the

" menstrual cycle |

-Following on from these findings of Experiment 4a of the relevant
importance of these different components to overall judgments df
attractiveness, Experiment 4b set out td discover how different
components might affect judgments of changes in attractiveness
across the menstrual cycle.

4.21 Methods

4.2.1a Female targets
Eighty-eight women were recruited from amongst university

. students and social contacts for a within-subjects study on the . |

stability of perceptions of attraction and attractiveness and
" consented to have recordings rated by participants outside the
university; they were not told the study hypotheses. Before they
attended any‘ study sess)ion;- women completed an initial
demographic questionnaire which included questions on age,
relationship status, ethnicity, hormonal contraceptive usage, date
of last and next predicted menses, and details of average cycle’
length. Non-users of hormonal contraceptives all reported a usual
cycle length of between 25 and 35 days. Users of hormonal
contraceptives were assngned to the CONTRACEPTIVE group,
and non-users were assigned to the NON CONTRACEPTIVE

group.

421b Session scheduling

- Sessions were 'scheduled to occur at high- and low-fertility phases,
estimated from data provided in the initial questionnaire. Whlle the
CONTRACEPTIVE group women do not differ |n conception risk
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- across the cycle, the same terminology is used here for purposes
of  comparison. The high-fertility phése constituted recordings'
made 14 — 19 days before next menses (i.e. Day 10 - 15 in a 28-

"day cycle, where Day 1 is the day of menses onset) and the low-
fértility phase constituted rebordings made 2 - 12 days before next |
menses (i.e. Day 17 — 27 in a 28-day cycle) (Wilcox et al. 1995).
Because Ainter-individual variation in cycle Iength is mainly

‘ accountéd for by differences before ovulation, the backwards-

counting method of ascertaining fertility status is more accurate

than forward-counting from previous menses (Johnston et al. .

2001). Womevn' were contacted by email to seek information

regarding onset of next menses subsequent to the sessions, and

NON-CONTRACEPTIVE group women returned for a third (n=2) E

or fourth session (n = 1) as necessary to obtain high- and low-

fertiity recordings from all participants. qur' of the

CONTRACEPTIVE group women also returned for third sessions

_due to technical problems with the recording equipment. We did
not exclude women who atténded a rerrding session just prior to
menstruation because research demonstrates large individual

variability in the link between cycle phase and mood (Walker

1997); in any case, only one woman from the NON-
CONTRACEPTIVE group final sample (see below) attended a
recording session in the three days prior to menstruation. Five

women used in the final sample (sée below) did not experience
regular menstruation. Of these five, two women took oral -

contraceptives with a 28-day cycle and so the first day of the pill
| péckef was defined as ‘Day 1'. The remaining three women either
used contraceptive implants (n =1) or oral ‘contraceptives with no

‘Day 1 (n=2). We scheduled the sessions of one bf these women

eight days ap_art, and allocated her first session to the ‘high-fertility’
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phase and her second session to the ‘low-fertility’ phase. We
scheduled the sessions of the other two women 14 days apart, and

allocated their first session to the ‘low-fertility’ phase and their

second session to the ‘high-fertility’ phase. *

4.2.1¢ Recording procedure

Women removed all make-up using provided make-up remover at
~ least five minutes prior to the recofdings to allow the subsidence of
any skin flushing due to the"remdval process. Fo‘ur recordings
were made: 1) a direct frontal facial photograph in which women
-~ were inétructed to adopt a neutral expressibn as they might do for
a passport photograph; 2) a facial photograph in which women
were instructed to a‘dopt‘a natural or relaxed expression as they
might do if photographed by a friend; 3) a photograph of the
woman'’s full body .as she stood facing the camera with arms
parallel .with the sides; 4) a video recording where ‘women
introduced themselves, as they might do if_”they met someone for
the first time,‘ Speaking for at least 20 seconds while seated at a
distance of 1.5 m from the video camera. Pilot testing indicated -
that some subjects had difficulties with this last task, and so all
subjects were given a list of possible subjects (work, study, home
life, weekend or evening activities, hobbies, recent ho|idays) as
ideas for content. With the aim of maintaining a degree of
anonymity,» subjects were told not to reveal théir name. At the
second session, women were told that even though they had
carried out the video fecording previdusly, they were td approach it
as though it were a completely new task. All recordings were -
caried out by  one of the female researchers (see
'Acknowledgments). Researchers were distributed at random
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between high- and low-fertility recordings and CONTRACEPTIVE
and NON- CONTRACEPTIVE groups.

Upon completion of the study, women filled in another
questionnaire to confirm answers from the first questionhaire.

'Women were also interviewed by one of the female researchers
~ (see Acknowledgments) about their understanding of the study
“hypotheses. They were given the opportunlty to talk generally, and
were also specnf ically asked why they thought they were recorded
on two separate sessions. Of the 34 women used in the final
sample (see beloW), only three linked the recording sessions to the
menstrual cycle. Two women (from the NON-CONTRACEPTIVE
group) assumed that one of the study aims was to investigate the
effect of the menstrual cycle on attractiveness, and the third (from

the CONTRACEPTIVE group) suggested that we may have been |
interested in postural changes' ‘across the menstrual cycle.
Frequent suggestions from the ‘r'emaining women were that the
reason for obtaining two sets of recordings was to control for the
effects of practice or to obtain sets of stimuli for use in future

‘psychological eXperiments.

4.2.1d FmaI sample ;

Of the 88 recruits (54 allocated to the NON- CONTRACEPTIVE
group), 18 women did not attend two sessions; 17 did not attend in-
.both high- and low-fertility sessions; one chose not to remove
- make-up; five chose not to provide video or souhd recordings; and'
the video file of one woman became corrupted and could not be
used. These exclusions reduced the sample pool to 16 normally
cycling women (age 17 =32, M =247, SD = 4.4 yrs; n = 11ina
relationship; n = 11 white or mixed white, European and n = 5
Chinese; eight of whom attended the first recording session during
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the hig.h-fertility phase) and 30 users of hormonal contraceptives.
A random selection of 18 of the 30 women from the
CONTRACEPTIVE group (age 18 — 31; M= 23.1, SD = 4.1 yrs; n
=10 in a relationship; n = 12 white or mixed white, European and n
= 1 Hispanic; n = nine of whom attended the first recording session
- during the high-fertility phase) were prepared as stimuli. The
reason for this discrepancy in sample numbers between the
CONTRACEPTIVE and NON-CONTRACEPTIVE groups is that
some of the women were not able to confirm onset of next menses
until after the rating session had taken place, and ratings of
. recordings that transpired not to have been made in the corréct
phase had to be discardgd.

4.2.1e Stimuli

Neutral-expression facial photographs were cropped (Cofel Paint
Shop Pro Photo X2) and masked with an oval around the face
outline, concealing the majority of the hair (Jones et al. 2004a); |
“this stimulus type will henceforth be referred to as the “MASKED
FACE". Relaxed-expression facial photographs were cropped from
"neck to top of hair (“FULL FACE"). Both kinds of facial photograph
were normalized in size with reference to the interpupilary distance
(Burriss & Little 2006), resulfing in image dimensions of 1276 x
1276 pixels (MASKED FACE) or 1181 x 1259 pixels (FULL FACE).
" The photographs of the upper body were cro'pped from neck to
~ fingertips and normalized 'for height (“TORSQ"), resulting in
images of 1181 x 1259 pixels. Image size normalization and all
masking was carried out using specialist software (Psychomorph;
" Tiddeman et al. 2001). Video recordings (“FULL VIDEQO") were
edited to a duration of 15 s, starting from the first words spoken,
cropped to dimensions of 400 x 480 square pixels, and encoded -
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as 25 f.p.s. QuickTime movies (Apple Inc.) using the MPEG-4
codec (Adobe After Effects 7.0). The soundtrack was normalized
for amplitude to ensure volume similarity between recordings
(Adobe Audition 2.0). Silent versions of each video (“SILENT
VIDEQ"), and separate  soundtracks for each video
(“SOUNDTRACK"), were also created (Adobe Audition 2.0).

4.2.1f Raters , }

Raters were recruited from students of a different university to
minimize potential familiarity with the stimuli. Students were
recruited principally .from amongst psychology undergfaduates,
and received course accreditation for participation.'These raters
participated in one of five separate sessions. Raters were
'presented with péirs of stimuli. Each pair comprised stimuli
recorded from the same woman, with one stimulus recorded during
the high-fertility and one during the Iow—fertility phase. For each
pair, raters indicated which stimulus they judged more attractive.
Raters in sessions 1 (n = 14, 4 male) and 3 (n = 15, 7 male) were
presented with all stimulus types except for the FULL VIDEO.
Raters in sessions 2 (n = 9, all female) and 4 (n = 17, 7 male) were
presented only with the FULL VIDEO. Stimuli presentation side -
(photographic stimuli) or order (sound/video stimuli) was reversed
" between sessions, so that stimuli were presented in reverse order
in. session 3 compared to session 1, and session 4 compared to
session 2. Stimulus type presentation order was also reversed
between sessions 1 and 3 (i.e. so that raters in session 1 saw the
MASKED FACES first, and raters in session 3 saw them last).
Sessions took place in a classroom where photographs were
projected side-by-side, or videos presented sequentially, onto a
screen placed approximately between 2 and 5 m from raters, and
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- sounds played sequentially over a speaker system. Raters
indicated their choices on a sheet of paper; they were instructed at
the beginning of the session not to confer, or to react in any way
which could transmit to others in the room how they were likely to
respond.  After the session; raters completed a questionnaire
where they were asked to provide data including age, sexual
orienfation, sex, and ethnicity. They were reminded that they did
not have to ansWer any question that they were not comfortable
with, and that all data would be stored securely and anonymously.
Raters from sessions 1 and 3 were aged 18-23 (mean £ SD = 19.0
t 1.2); described themselves as heterosexual ‘(with the exception
~of one homosexual and one non-respondee); and gave their -
ethnicity as white European (with the exception of two mixed race
British, two Chinese, and one non-respondee). Raters from
sessions 2 and 4 were aged 18-32 (mean + SD = 20.0 + 3.1);
deécribed themselves as heterosexual (with t'he exception of one
homosexual); and gave their ethnicity as white European (with the

exception of one non-respondee).

4.2.1g Statistical analysis
For each woman, the probortioh of times that her high-fertility
recording wés chosen as more attractive was calculated
Separately fo‘r each of the six stimulus types (FULL VIDEO,
MASKED FACE, FULL FACE, TORSO, SOUNDTRACK, SILENT
VIDEO). The denominator was adjusted accordingly if ratings were
omitted. Prior to analysis, 0.5 was subtracted from the proportions
to enable use of the test of the intercept (which tests whether the
| grand mean differs significantly from zero) to determine whether
the high-fertility phase recordings were chosen significantly more
often than chance (c.f. Haselton et al. 2007). ANOVA was carried
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out in SPSS 15.0. Some: of the sets of data were non-normally -
distributed (Shapiro-Wilk, p < .05), but ANOVA is robust to
violations of the assumption of normal distribution of data
(Subrahmaniam et al. 1975; Field 2005). Data fulfiled other
assumptions of the statistical tests. To answer the question of
whether high fertility was more detectable in some rhodalities than
others; analysis was carried out both with female térget as unit (to
control for indiViduaI differences in magnitude of change between
high- and low-fertiliy), and also with rater as unit of analysis (to
control for individual differences in rater ability to select the h'igh-
fertility recbrding as more attractive). The first analysis allowed
simultaneous investigation of the effects of contréceptive usage,
while fhe second allowed simultaneous investigation of the effects

of rater sex.

4.2.2 Results

4.2.2a Analysis by female target

Mixed model analysis (within-subject factors: six stimuli types;
between-subject ~ factors: CONTRACEPTIVE  or  NON-
CONTRACEPTIVE group; whether high- or low-fertility recording
' made first) revealed that overall, the high-fertility recordings of
women from the NON-CONTRACEPTIVE group were selected .
significantly more often than those of the women from the
CONTRACEPTIVE grdup (F1.30 = 5.924, p = .021), with a medium
effect size (r = 0.41). Women were selected as more attractive in
the high-fertility session if that coincided with the first recérding- |
session (Fi3 = 10.31, p = .003), and there were significant
differences in the selection rates of different sti'muli types (Fs,150 =
2.28, p = .049). Inclusion of all stimulus types in the same analysis
assumes that raters in sessions 1 and 3 were acting identically to
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raters in sessions 2 and 4, and so a confirmatory analysis was also

carried out with the exclusion of the FULL VIDEO ratings. Results
were qualitatively identical. Finally, less powerful univariate
analysis of each modality separately showed in each case a non-
significant tendency for recordihgs to be selected at greater rates
. from amongst women in the NON-CONTRACEPTIVE compared to
the CONTRACEPTIVE group (all p > .07).

Following on from the significant effect of group
(CONTRACEPTIVE or NON-CONTRACEPTIVE) on high-fertility
selection proportions, we carried out a subsequent mixed-model
analySis for the two groups separately (within-subject factor: six
stimuli typés; bétwéen-'subject factor: whether high- or low-fertility
_recording made first) which showed that stimulus recordings from
the high-fertility phase'of the NON-CONTRACEPTIVE group but
not the CONTRACEPTIVE group were chosen significantly more
often than chance (test of the intercept: NON-CONTRACEPTIVE
group: Fi1a = 5.914, p = .029; CONTRACEPTIVE group: Fy,4s =
266, p = .613). Amongst the NON-CONTRACEPTIVE group,
there was no significant effect of stimdlus type on the proportions
of high-fertility recordings selected (Fs7o = .77, p = .574), but a
greater prbportion of high-fertility recordings were chosen as more
attractive if the h|gh -fertility phase coincided with the first sessnon
(F1.14 = 6.55, p = .023). Amongst the CONTRACEPTIVE group,-
'~ there was no significant effect of stimulus type on the proportions
of high-fertility recordings selected (Fsg0 = 1.99, p = .089), and no
signiﬁcant differences between the selection rates of theﬂrst
compared to the second session (F146 = 3.27, p = .090). Again,
. results are qualitatively identical if the analysis is restricted’ to the
five stimulus types judged by raters in sessions 1 and 3 only.
Results are represented in Figure 5.

106



stimulus type

Figure 5. Estimated marginal means + SE, proportion
of high-fertility recordings chosen (female as unit of
analysis), controlling for order of recording sessions.
Stimulus type: 1: MASKED FACE, 2: FULL FACE, 3:
TORSO, 4: SOUNDTRACK, 5: SILENT VIDEO, 6:
FULL VIDEO

Kendall’s coefficient of concordance was used to investigate
whether the NON-CONTRACEPTIVE women who were more
attractive at high-fertility in one modality (as indexed by the
proportion of raters selecting the high-fertility recording) were also
more attractive at high-fertility in another modality. There was no
evidence of concordance between modalities within individual
women (w = .036, p = .720; female as unit of analysis; proportion
across six modalities). That is, if a woman was selected by a large
number of raters as more attractive at high fertility in one modality,
this would not lead us to predict that she would be so selected in

another modality. The specific correlations between the overall
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MASKED FULL TORSO SOUNDTRACK SILENT
FACE FACE VIDEO
T 335 96 472 149 661
pl 077 208 013 438 <001

Table 2. Correlations between
proportions (i.e. proportion of
raters who selected the high-
fertility recordings of the NON-
CONTRACEPTIVE group (n =
16) as more attractive) between
the FULL VIDEO and the various
components of the video

vidleo and the various components for ‘the NON-
CONTRACEPTIVE group, in terms of proportions of raters who |
selected the high-fertility recording as more attractive, are reported
in Table 2. Non-parametric correlations are used because of
evidence that one of the sets of rater proportions was non-normally
 distributed (Shapiro-WiIk, p < .05); results are qualitatively identical

with parametric Pearson correlations.

4.2.2b Analysis by rater: ratings of NON-CONTRACEPTIVE
group | | |
The next topic of investigation was whether the raters in groups 1
‘and 3 (ie. those who rated the MASKED FACE, FULL FACE,
TORSO, SOUNDTRACK and SILENT VIDEO) selected the high-
fertility recordings of the NON-CONTRACEPTIVE group more
frequently in some modalities, using a mixed model ANOVA (rater
as unit of analysis; within-subject factors: five stimulus types;
between-subject factors: sex of rater; dependent variable:
proportion :of times that the rater selected the ‘high-fertility
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| recording as more attractive). Raters chose high-fertility recordin'gs
significantly more often than chance (test of the intercept: Fy 2 =
82.40, p < .001). Stimulus type was significant (F484 = 5.29, p <
.001), and post-hoc comparisons with Bonferroni corrections for
five comparisons revealed that raters selected the high-fertility
FULL FACE more often than the high-fertiity TORSO (p = .040),
SOUNDTRACK (p = .062 — i.e. at borderline significance) and

SILENT VIDEO (p = .043). Raters chose the high-fertility MASKED |
FACE more often than the high-fertility SOUNDTRACK (p = .073 —
ie. non-signiﬂcantly) and did not differ in selection rates in relation
to all other stifnuli types (all p > .16). There was no effect of rater:
sex (F1.21 = .006, p = .937).

Analysis of the raters in groups 2 and 4 (i.e. those who rated the
FULL 'VIDEO) with univariate ANOVA replicated these results:
- high-fertility \)ideos of the NON-CONTRACEPTIVE group were
selected significantly more often than chance (F1,2§ = 1847, p <
.001). In contrast, in this group, there was a non-significant
tendency for men to select larger proportions of high-fertility
recordings than women (F1.22 = 3.53, p = .073).

There was evidehce only for low levels of concordance between
modalities within individual raters (W = .173, p = .003; unit of
analysis: raters from groups 1 and 3 (i.e. those who rated the
- MASKED FACE, FULL FACE, TORSO, SOUNDTRACK and
SILENT VIDEO) over five modalities). That is, there was a
relationship of low effect size between the number of high-fertility
recordings from the NON-CONTRACEPTIVE group selected by a
rater in one modality compared with the number selected in
~ another modality. | |
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423 Discussion

The experiment set out to investigate the role of various modalities
in the documented changes in ratings of female attractiveness
over the menstrual cycle (review in Gangestad & Thornhill 2008).
“Non-users of hormonal contraceptives were recorded at high- and
low-fertility phases of the menstrual cycle according to the
backwards-counting method. The study set out to contrast ratings
of these women with a control group of usérs of hormonal
contraceptives who were similarly recorded on two occasions,
scheduled according to their artificial ‘cycle’. On each occasion,
the women introduced themselves to a video camera, speaking for
20 seconds. One set of raters viewed the full video recordings
(‘FULL VIDEO”) from the high- and low-fertility phases and
selected the more attracfive recording of each woman in a forced-
choice paradigm. A separate set of raters chose the more
attractive, for each woman, of the following recordings from the
- high and Iow fertility phase: a photograph of a neutral facial
expression, cropped to conceal the hairstyle (“MASKED FACE"); a
photograph of a natural facial expression (“FULL FACE"); a

photograph of the clothing which would be revealed within the
video (i.e. the body from .neck to mid-thigh) (“TORSO”); the
soundtrack from the video (“SOUNDTRACK"), and a muted

version of the video (“SILENT VIDEQ").

Overall; recordings from the high-fertility phase‘of the non-users of
hofmonal contraception were selected at greater proportions than
recordings from the high-fertility phase of the users of hormonal
contraception. Further, only recordings from the non-users of
hormonal contraception were selected as the more attractive in the
high-fertility phase significantly more often than chance. Previous
~ research has shown that the high-fertility phase of the cycle is
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associated with increases in rated attractiveness in single isolated
modalities such as the face, the voice, clothing, or in a static
photograph (review in Gangéstad & Thornhill 2008), and the
present study extends this by finding these éffects across different
modalities.

Thefe was no evidence that high-fertility selection rates varied
more in some modalities’ than others when female participant was
the unit of analysis. Visual inspe‘cfion of the data suggests that
raters may have been less able to pick the high-fertility recording
when presented with the TORSO (which highlighted clothing
choice) or SOUNDTRACK, and this was supported by a significant
effect of stimulus type when the rater was the unit of analysié, ie.,
for this particular stimulus set. Additional work is required to
~ confirm whether these differences between modalities ére robust
across all women. Inconsistent with the results on TORSO ratings,
previous WOrk has linked the high-fertility phase to greater
attraétiveness ratings ’of clothing choice (Haselton et al. 2007;
Schwarz & Hassebrauck 2008), and there are differences in the
- wearing of provocative clothing associated with differences in
“hormonal levels (Grammer et al. 2004). It is possible that changes
in clothing choice would have been more easily detectable in the
current study if women had been recorded in contexts where mate
choice behaviour is more obvidus; ohe study on clothing choice
and the menstrual cyc'le (Grammer et al. 2004) recruited women at
a night club, and another (Schwarz & Hassebrauck 2008), which
had participants take photographs of themselves eveky day
throughout the cycle, instructed women if possible to 'do this when
dressed up to go out. |
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Likewise, in spite of the perhaps lesser effect of the |
SOUNDTRACK, existing research presents evidence for changes
in vocal attractiveness .across the cycle when women were
.recorded reciting a series of numbers (Pipitone & Gallup 2008). it
may be that use of a video soundtrack, with variable semantic
content, obscures changes in attractiveness that are specifically
vocal. The present study did not ask raters to rate vocal
attractiveness (with a standardised sentence) for three reasons.
Firstly, pilot testing indicated that raters found this task much more
difficult and frustrating than rating of the other stimuli types.
Secondly, results from the literature employing objeétive testing of
voice changes across the cycle has tended to present mixed
evfdence; voice change may be most apparent in professional
singers or in subsets of women éuch as those experiencing
syrhptoms of pre-menstrual syndrome (Silverman & Zimmer 1978;
Abitbol et al. 1989; Higgins & Saxman 1989; Behr Davis & Lee
Davis 1993: Abitbol et al. 1999; Chae et al. 2001). Thirdly, the
SOUNDTRACK incorporates information on the voice, while also
allowing for detection of changes of vocal style; for instance, there
is also evidence for increases in verbal creativity (Krug et al. 1999)
in the fertile phase. - |

The facial photographs‘replicated earlier work on attractiveness
changes across the cycle (Roberts et al. 2004; Schwarz &
Hassebrauck 2008), | and 'presented the best evidence for
detectable attractiveness changes. The use of masked neutral
facial photographs and unmasked relaxed faciai ‘photographs
meant that if there had been significant differences in selection
rates between the two, it would not have been possible to
distinguish whether these were due to effects of expression 6r
effects of hairstyle. Indeed, the specific changes that provoke
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changes in facnal judgments are unknown The increase in basal
metabolic rate around ovulation - may provoke skin and lip
coloration changes, as suggested by Roberts et al (2004).
Likewise, the symmetry of soft tissue such as that found in the
ears may reflect high-fertility (Manning et al. 1996). Women in the
present study were instructed to remove facial make-up because
make-up may obscure the link between attractiveness and cyclic |
hormonal levels (Law Smith et al. 2007). Future work might
examine whether women are more likely to wear make-up at the
high-fertility phase.

The hypothesis was that judges who viewed the extra information
present in the FULL VIDEOS should be more likely to judge high-
ferti'lity recordings as more attractive compared with judges who
viewed single components (Maller & Pomiankowski 1993; Rowé
1999; Candolin 2003). However, there was no evidence for this, -
suggesting indirectly that there were discrepancies between
modalities in attractivenéss changes. Indeed, when this possibility
was tested directly, there was little evidence of concordancy
across modalities. Further, hlgh-fertlhty selection rates of the FULL :
- VIDEOS correlated significantly and robustly, followmg correctlon
- for multiple comparisons, only with the SILENT VIDEOS, showmg
that a marked increase in overall personal attractlveness (in the full
video) did not occur unequuvocally in tandem with a marked
increase in attractiveness in single modalities. The increased
attractiveness associated with the high-fertility phase appears then
to be apparent from different mbdalitesjn different women, rather
than constituting a single “ornament”.

It is as yet unclear Whether attractiveness changes across the
menstrual cycle constitute an evolved signal or are byproducts of
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hormonal changes (Géngestad & Thornhill 2008). If attractiveness -
changes constitute a signal, i.e. a structure that evolved in women
- with reference to an evolving response in men (Scott-Phillips
2008), then we might expect high-fertility to be equally appafent
across modalities within one woman (Moller & Pomiankbwski
1993; Rowe 1999; Candolin 2003) which we do not find in the
_ present study. Alternatively, it is possible that there is some
quality-dependent  significance of the modality in  which
: attractiveness‘changes are most appérent (see Johnstone 1996).
Itis poésible that higher degrees of consistency across modalities
would be observed if the rater is the female’s partner, and hence
more‘ familiar with her appearance; or when the raters were
attracted to the female targets, although we noted no robustly
- significant effect of rater sex on judgments; or in specifically sexual
- contexts, where 'explicitly prosbcial behaviour may increase. In
support of this last possibility, women at the high-fertility phase
show greater pupil dilation in the presence of sexually significant
stimuli (Laeng & Falkenberg 2007), suggesting a mechanism by
| which high-fertility could be recognised by a partner or potential
partner There could be other individual differences driving the
Vmagmtude of cyclic attractiveness changes, including relatuonshlp
_ status or individual attractiveness; a larger study would be required
to investigate these types of effects. Curiously, ‘ raters were
signiﬁcant'ly better at picking out the high-fertility recording of the
non-users of hormonal contracepti\}es if these were made in the
first session. We mught speculate that women could be more likely

to take steps to appear more attractive in conditions where they |
are most aware of their physical appearance, such as in a first and
more stressful recording session, only when at high fertility.
Together, the results suggest both that attractiveness changes are
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apparent in multiple modalities, and also that there is some c'onﬂictv
at .the. level of the individual WOman between those different '
modalities.

4.3 General discussion |

Design aspects of Experiment 4a and 4b, including the. sample of
rating targets, the sample of raters, the recording context, and the
rating task, all deserve comment, and are dealt with in turn.

Both Experiments collapsed together a sample of rating targets
who varied in aspects such as age, culture and race. - In
Experimenf 4b, fhere were slightly larger proportions of women
who, did not describe themselves as ‘white European’ in the NON-
CONTRACEPTIVE eompared to the CONTRACEPTIVE group.'
This difference should not predict differences in appearance
changes, although it is possible that it may have had a small
conservative effect on the raters’ ability to detect changes between
the high and low fertility-phases, as people are less sensitive to
subtleties in appearance in other races (review in e.g. Meissner &
Brigham 2001). The CONTRACEPTIVE group used a mixture of
hormonal contraception types, and so would not be homogeneous
in hormonal profile. Again, this does not affect the function of the
control group, which is to ailow for the comparison of ratings of
women who are recorded twice in two" separate 'sessions, .
.controlling factors such as practice effects. Exclusion of the five
women from the CONTRACEPTIVE group who did not experieneev
‘menstruation gave rise ‘to a similar pattern of results to that
- reported above, with a couple of minor variations: there was no
longer a significant main effect of stimulus type in the'initiel
analysis, and a couple of the reported 'non-signiﬁcant tendencies
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disappeared. Such fluctuations are to be expected with reductions -
in sample size. |

The groups of users- and hon-users of hormonal contracepfives
were very similar in terms of proportion of women'in a relaﬁonship,
although women were not asked whether they were sexually
active. Sexual' activity, and explicitly sexual contexts, might
provoke bigger shifts across the cycle (c.f. Grammer et al. 2004).
- In Experiment 4a, age, sex and cultural factors may moderate the
| reported relationship between individual components and overall
attractiveness. For instance, age affects rated attractiveness
(Symbns 1995), and éo age may modify the relationship of a
cdmponént to overall attractiveness, dependent upon the ease of
age identification in that component. Rater age may also influence
judgments; children, teénagers and young adults have been
shown to give different weightings to facial and vocal
attractiveness (Zuckerman & Hodgins 1993). Cultural differences
that éffect ratings of attractiveness and that are apparent across
modalities such as apparel and accent may idcrease the
dorrelation between individual components and. overall
atfractiveness in culturally heterogeneous stimuli, and vice versa.

| The study did not attempt to separate out more biological factors
" such as body shape or voice quality from more culturally-
inﬂdenced factors such as choice of clothing or speech, and - '
although this meant that raters in both conditions were privy to
identical information, future research 'might seek to examine the
impéct of these various possible influences. We note though the
lack of impact of the additional semantic and personal information
available in the soundtrack in Experiment 4a, as demonstrated by
~ the significant, IaArge-effect corré|ations between ratings of the
speech and ratings of the standardised sentence. Finally, although
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our video stimuli were designed to emulate a first meeting, other

‘modalities may also impact' upon first impressions, includihg bodily

odour (e.g. Li et al. 2007; Havlicek & Saxton in press) and bodily

movement (Brown et al. 2005). Further research might look to
investigate these avenues. o

A fairly small number of raters was usedin both Experiments,
although this should nof gréatly affect results; attractiveness
ratings between raters tend to be highly homogeneous (Rhodes
2006) and studies conventionally employ small numbers (e.g.
Dematté et ai. 2007). Raters encompassed both males and
females, and thbse with both same- and opposite-sex sexual
ofientations. Differences in sexual orientation are unlikely to affect
results of Experiment 4a, since all raters vieWed targets as either
objects of potehtial sexual attraction or potential sexual
competitors. In Experiment 4b, only one participant (the
homosexual male) may have been unlikely to judge the females
with reference to standards of either potential mates or sexual
competitors, but even if his ratings are systematically different,
they would be unlikely to affect results due to the number of raters
overall. v'Of potentially greater concern, the rating samples
consisted of larger number of females than males. This sex
weighting was mitigated somewhat in that the proportions of men
and women who judged the components comparedv to the full
videos was roughly equal. Experiment 4a found no effect of rater
sex, but Experiment 4b found a non-sighiﬁcant trend for men to be
better than women in selecting the high-fertility recording as more
attractive. Research findings on the effects of rater sex on
attractiveness judgments -are highly variable. While in general
terms men and women agree in their judgments of attractiveness
(Rhodes 2006), there is also some evidence‘ for systematic
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differences. Some studies have found that men are more
consistent in their rating of similar eues across modalities (e.g.
Lander 2008; Roberts et al. in review), although other work shows
no effect of rater sex (e.g. Law Smith et al. 2007). Specific to
studies on attractiveness changes across the cycle, one study
(Roberts et al. 2004) found a female advantage in some contexts,
whereas another (Haselton et al. 2007) found no effect of sex of
judge. Men may be more: practised at evaluating visual mate
quality in women since information on female mate quatity, such as
- health and fertility, is more likely to be visual than the
corresponding information on male mate quality, such as
resources (Symons 1995). A larger study could examine these
questions, and also whether the fertility status of female raters
bears upon their ratin'gs of others (c.f. Fisher 2004).

The record'ing context, a self-introduction, was chosen to attempt
to represent some aspects of a realistic zero—acquaintance mate
choice context. Fully naturahstlc recordings may strengthen some
" of the results. One way of i lncreasmg naturalism may be to employ
a confederate to interact with the target participant, although this
risks mtroducnng mterpersdnal mtéractnons between the
confederate and the participant, such as the confederates own

judgments of the target.

" The rating task took p|ace‘ in a group classroom setting. The
presentation of rating targets on a screen rather than atindividual
computers should not have affected the ratings (Ekman et al.
1979). Raters in Experiment 4b viewed static images side by S|de
and may thus have been susceptnble to left side bias; raters have

been shown to select the left-hand face in a pair more often than

' the nght (Klimkeit et al. 2003); and W|th|n a single face the sude to
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the viewer's left is more often used in judgmenta of face gender,
emotion, or age and attractiveness (David 1993; Burt & Perrett
1997, Butler et al. 2005). Similarly, video and sound recordings
may have been subject to recency bias: raters are more likely to
evaluate an individual’s overall performance positively if they have
seen a good performance most recently (‘Stéiner & Rain 1989),
and‘iincriminating eyidenceA is more likely to lead to a gUilty verdict
by a jury if it is presented later in a trial (Costabile & Klein 2005).
This is a problem inherent to all psychological testing of face or
voice preference; in the present study, face pairings were reversed
between the two sessions to attempt to counter this.

“In Experiment 4b, the preéentation of static photographs sidé by
side, and presentation of vocal and video in sequence, follows
standard presentation formats (e.g. Roberts et al. 2004; Jones et
al.v 2008b). Although presentation is then superficially different
betweeh modalities, at the cognitive Ievel of information transfer it
s arguably more equivalent than always using either side-by-side
or sequential presentations. Switching between side-by-side and
sequential presentation as appropriate allows for maximisation of
~ information transfer; raters are not able to listen to two -
| souhdtracks, or take in dynamic information from two sources,
simultaneously. Switching attention from one static image to the -
other, in contrast, does not detract from the amount of information
that can be absorbed in each (i.e. the rater ‘will not miss a
sentence or a specific movement) and allows for accurate

comparison.

| Psychological research commonly asks raters to make judgments
of attractiveness for a short-term relationship, a long-term
relationship, or without specification of context; these affect
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'ratings, as reviewed in Chapter 1. In thé present studies, no
context was specified. This allowed for domparison with existing
- literature on the relationship between single-trait and overall
attractiveness (e.g. Peters et al. 2007; Lander 2008) and changes
in attractiveness across the cycle (e.g. Roberts et al. 2004;
* Haselton et al. 2007). Further, the avoidance of the use of specific
_’contexts allows raters to judge targets alohg dimensions most
relevant to them; in particular, subjects occasibnally are
uncoAmforta}bIe making judgments for short-térm relationships, or
feel that this is irrelevant to them. Future research might consider
whether specifying contexts affects the relevance of the individual
: rriodali‘ties. Such research should take into abcqunt the

hypothetical background. For instance, if attractiveness changes -

across the menstrual cycle are supposed to function to allow the
woman'’s }par‘tner to detect fertility, then judgments for a long-term
context may be more relevant. This question of differences ‘
between short- and long-term judgments will be taken up in
Chapter 5, yet this time women will be the subject rather than the

object of the study.
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Chapter 5 P_referéhces and

'trade offs

5.0.1 The menstrual cycle and preferences for good
genes ’ : '

Women's mate preferences change "syste‘maticauy across the
menstrual cycle, with the strongest preference for male markers of
genetic quality at the conceptive phase of the cycle (review in e.g.
Jones et al. 2008a). Researchers have suggested that these cyclic
preference changes'r'nay sharpen 'female mate selection faculties, ,
allowing women to select partners of the highest genetic quality
when it is most biologically relevant to do so (e.g. Gangestad &
Thornhill 1998; Penton-Voak et al. 1999a). Evidence: that cyclic
shifts in preference for markers of good genes are specific to mate
selection, rather than being a more general effect of mood
cha'nges or person perception, comes from the findings that
judgments of women'’s faces or voices are not affected cyclically in
the same way as judgments of men’s faces or voices (Johnston et
al. 2001 Feinberg et al. 2006). Compellingly, these changes in
preference for male attributes are responsive in a range of physucal
and psychologlcal modalities, including the olfactory, visual, -
| audi.tory and behavioural channels, ‘l |

The first study to show an effect of menstrual cyde on female
preference used male body odour, where the correlation between
the rated attractiveness of the odour and the FA of the odour donor
was examined at different cycle stages (Gangestad & Thornhill .
1998). Although there was a high extent of agreement between the
- female participants over which body odours smelled more pleasant
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or more sexy, a significant and positive correlation between
symmetry of the odour donor and ratings of odour pleasantness or
sexiness only emerged from the ratings of the normally-cycling
~ women at the fertile 'point of the menstrual cycle. This study was
somewhat limited in that it examined the preferences of only a
small number of women (n = 9 high-fertility, 19 low-fertility
women), compared high- to low-fertility women rather than
sampllng the same women at different points in the cycle, and did
“not control for other factors such as the effects of MHC-similarity
- on odour preference. Nevertheless, the effect has been replicated
with larger samples (Thornhill & Gangestad 1999b; Thornhill et al.
2003). The former of these two studies, and another (Rikowski &
: Grammer 1999), also found evidence for a link between male
facial attractiveness and body odour attractiveness as judged by
high- but not low-fertility women, but this effect would benefit from
replication due to the lack of statistical significance or weakness of
the effect size, the omission of statistical controls for multiple tests,
and the absence of corresponding results in the study by Thornhill
et al (2003).

'Preferences for traits judged within the visual modality are also
_ affected by the menstrual cycle. The original demonstration of this
preference shift was in relation to decreased preference for male
facial femininity at hlgh fertility, particularly in the context of short-
‘ term relationships (Penton-Voak et al. 1999a), and this has smce.

h been replicated, and extended to apparent health in faces and to

male body sexual dimorphism, again partlcularly in the context of
short-term relationships (Penton-Voak & Perrett 2000; Johnston et
al. 2001; Jones et al. 2005a; Little et al. 2007b). Female
preference for facial coloration may also vary cyclically (Frost
1994), although this study is hard to interpret due to its unusual
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methodology: females were compared in the first third versus the
last two-thirds of the menstrual cyclé rather than according to high
versus low ‘conception risk, and facial coloration was manipulated
by developing a photograph for a Ionger amount of time, rather
than restricting coloration difference to the facial skin; further, the
differehce between the evaluations of the groups of women 6nly
reached statistical significance in a one-tailed test. Not all ‘good
genes’ indicators are préferred at high fertility; despite cyclic -
' changes in female preferencé for the odour of symmetry reviewed
above, and evidence for cyclic changes in perceptual respohse to
- visual symmetry (Oinonén & Mazmanian 2007), facial symmetry
preference does not seem to increase at the conceptive phase
(Koehler et al. 2002; Cardenas & Harris 2007; Oinonen &
Mazmanian 2007). o |

In line with visual preference shifts, one study found that females
_in the mosf fertile phase of the menstrual cycle (but not those at
other phases) showed a significant 'preferénce for lower- ovér
higher-pitched male'_voices when judging the attractiveness of the
~ voice in the context of a short-term relationship (Puts 2005). A
second, within-subjects study (Feinberg et al. 2006) found that a
preference for masculinised male voices (lowered fundamental
frequency and decreased formant dispersion) was not restricted to ,
females in the fertile phase, although the preference for’
“masculinised voices did increase further for women during this
time of peak fertility. The masculinised voices were also rated as
more dominant, and indeed cycle-related preference for -
dominance has been demonstrated in the olfactory modality.
Women at the most fertile phase, compared with feméles at other
points in the cycle, rated the body odour of more dominant males
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(as measured by a standard dominance questionnaire) as more
sexy (Havlicek et al. 2005). '

In a study that set out to focus exclusively on behavioural
preferences Gangestad et al (2004) found that female judges at
the most fertile point of the menstrual cycle, compared with
' ~ females with a lower risk of conception, rated videotaped males as

- more attractive as potential short-term mates if their behaviour in

that same video scored more highly on a set of behavioural
measures seen by the authors to'express strong ‘social presence’
(in‘an interaction with a female, these men tended to have a caim
'composure, to present themselves as athletic and avoid self-
- depreciation, and to maintain eye contact, amongst other things)
and high levels of ‘direct iintrasexual competitiveness’ (when
competing with a male for a date with a female, these males might
have specifi cally put down their competitor and engaged in
minimal Ievels of Iaughter for instance). It is possible that the
participants were basing their preferences on physical as much as
behavioural traits; the authors controlled for physicél attractiveness
as judged by a separate panel, but not physical attraetivehess as
rated by females of similar concept_ive likelihood. Nevertheless,
result_s of the study are in line with other findings of cycle-related
preference changes. Finally, one other study to focus on
beha'vioural aspe'ets found that women expressed a preferehce for
creative intelligence in men, such as that demonstrated by artists,
at the high-fertility phase, when makrng judgments for short-term
relatronshrps (Haselton & Miller 2006).
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5.0.2 The menstrual cycle and preferences for compatibie
genes :

Cycle-related preference shifts have also been documented along
a separate dimension, that of own-phenotype resemblance. The
general effects of own-phenotype resemblance were reviewed in
Chapter 1. To summarise, real-lifé couples demonstrate a degree
of physical similarity (Zajonc' et al. 1987; Bereczkei et ali 2002;
Bereczkei et al. 2004), and experimental manipulation of visual
similarity generally indicates that similarity enhances attractiveness
(Peﬁton-Voak et al. 1999b; DeBruine 2004; DeBruine et al. 2005),

aithough one study found oppbsite-sex similarity to be aversive, ai

" least in short-term relationship contexts (DeBruine 2005). Physical -
| similarity may constitute an index of genetic c'ompatibili}ty or

relative'quaiity, possibly in part by providing iriformation 6n MHC

compatibility (Roberts et al. 2005b), and the choice of a physically

similar partner may be adaptive (Bateson 1978, 1980, 1982; Read

& Harvey 1991; Thiessen 1999). Menstrual cycle phase adds a

'Iayer of complexity in that women find own-phenotype

'resemblance to be more attractive at the low-fertility phase of the

menstrual cycle (DeBruirie et al. 2005; Jones et al. 2008a). Since

this low-fertility phase shares hcirmonal similarities with pregnancy
(revi_ewed in Jones et al. 2008a), iesearchers have suggested that
own-phenotype preference may be an adaptaiiqn to seek out

(supportive) kin du‘ring pregnancy (DeBruine et al. 2005; DeBruine

* etal. 2008; Jones et al. 2008a).

‘The existence of preferénces for both absolute quality (relayed
through cues such as high testosterone levels) and relative quaiity
(referenced through, for example, own-phenotype resemblance),
and the finding that the menstrual cycle affects both of these types
of preference, suggests two related research questions. The first is
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~ how individdals weight absolute and relative quality in their mating

preferences (Colegrave et al. 2002). In mice, females prefer to
mate with males of good genes, and only base their choice of mate
Aon' MHC dissimilarity, denoting compatible genes, when there is
very little variation in the genetic quality of the males, or. when
- there is large variation between the males in the extent of their
MHC dissimilarity (Roberts & Gosling 2003). The question of how
humans weight absolute- and relative quality has been little
examined (Roberts & }Little 2008).‘ Probably the only relevant study
in humans compared preference for facial averagehess, indicating
gddd genes, and facial own-phenotype resemblance, indicating
compatible‘ genes (Penton-Voak et al. 1999b). Participarits were
" required to manipulate a face along a continuum from high to low
Self-resemb'lance. ~The mid-point of the continuum therefore
: represented a more aVerage faée. Participants’ preferences did not
differ significantly from the mid-point, showing that averageness is
more salient in preference judgmerits ‘than own-phenotypé
resemblance. As the authors note, an interesting extension would
be to hold averagenéss constant, and to present participants with
varying -Ievels' of own-phenotype resemblance for preference
rating. Experiments 5a sets out to do this, using masculinity rather
than averageness as the index of genetic quality. Women rated the
attractiveness of male faces that had been manipulated " along
dimensions - of - sexual . dimorphism ~ and own-phenotype
resemblance, in an experimental design recommended by Roberts
& Little (2008).

The second research question, given that thé "menstruall cyclé
affects preference for both absolute and relative quality, is whether |
the cycle also “influences how these are weighted. This is
"examined in Experimentv ob. Here, in a within-subjects design,
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‘women gave attractiveness ratings et the high- and low-fertility
phase of the menstrual - cycle te male faces that had been
manipulated along dimensions of sexual dimorphism and own-
phenotype resemblance, with ratings from users of hormonal
contreceptives as a control.

5.1 Experiment 5a: Trade-offs in absolute and

- relative quality
- 511 Methods

511a Female raters _ |

Seventy-four Caucasian women were recruited from amongst
university students and social contacts for a‘,study on the stability -
of perceptions of attractiveness; participants were not told the
specific study hypotheses. The majority of these women also took
pert in the studies reported in Chapter 4. At an initial meeting,
women read a written description of the experiment and provided
| consent to participation. They were told that a photograph was .-
required to be used to help in the understending of their .
preferences', and were photographed directly facing the camera
. with a neutral expression. ‘They then completed a queStionnaire
collecting basic demographic information.

- 5.1.1b  Stimuli creation

All stimuli images were of whlte individuals (aged between 18 and
25) with no spectacles or beards who had consented to the use of
their facial image in experimental work. Photographs were taken
 under standardised lighting conditions and with participants posing
with a neutral expression. To equate size, all | images were aligned
to standardise the position of the pupils in the image.
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Composite images, composed of multiple images of different
individuals,v were used as base faces and as thé baéi's for
transforms. The composite faces were created using specially
designed software. (Tiddeman et al. 2001). Key locations (174
points) were manually marked around the main features (e.g.
eyes, nose, and mouth) and the outline of each face (e.g. jawline,
hairline). The average location of each point in thé faces for each
composité was then qalculated.‘ The features of the individuél
faces were then morphed to the relevant average shape before
, superimposing the averaged images to .produce a photographic
quality reSqu. This technique has been used to create composite -
images in previous studies (see Benson & Perrett 1993; Tiddeman
et al. 2001; Little & Hancock 2002). |

A unique set of 54 male faces was created 'for each participant.
These faces were derived frofn éix cbmposite male base faces,
made using four individual images combined in the manner
described above. In order ioy transform sexual dimorphism, two
composites, one male and one female, were created. Each
composite'was derived from 50 individuals and each was made _
perfectly symmetric before transformation. Base faces were
transformed on a sexual dimorphism dimension uéing‘the linear
shape difference between the composite of 50 males and 50
females, following previous rhethods (see Benson & Perrett 1991;
Perrett et al. 1998, Tiddeman et al. 2001). Image colours were not
changed from ‘the original. The transforms represented +50%
masculinity and +50% femininity, based oh the shape- difference
between these two comppsites. The transform gave rise to 18
images, composed of three images (one . feminised, one'
unchanged, one masculinised) for each of the six base faces.
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Following previous methodology '(Pehton-Voak et al. 1999b;
DeBruine 2002, 2004), self-similarity was manipulated using the
linear shape difference between feature points in the shape -
composite of 50 females against each partieipant’s own particuler
shape. Image colours were not changed from the original. The
transforms represented +25% self-similar and +25% self-
dissimilar. This transform was applied umquely to the 18 faces
described above for each participant. Images were masked on the
outline of the face so that hair and clothing cues were not visible.
‘The final stimuli were then 54 masked faces for each female: six
" base faces by three levels of sexual dimorphism (feminised,
original masculinised) by three levels of self-resemblance

_(dlSSlmllar original, sumllar)

A transform of 50% sexual dimorphism was choéen because it
meant that the ima}ges were still perceptually male when
femmlsed has been used in many previous studies of the effects
of sexual dlmorphnsm on face preference, and is known to affect
judgments of attractlveness (Perrett et al. 1998; Penton-Voak etal.
1999a). A transform of 25% self-similarity was chosen in the aim of
creating approximate perceptual equivalence with the 50% sexual
‘dimorphism manipulétion. There is more possible variability in the
face shape of any one individual compared with the possible:
variability in the face shape of an averagel male or average female,
meaning that a 50% transform towards or away from self-similarity
could result in greater differences than a 50% transform along a
sexual di_morphiSm continuum. Figure 6 demonstrates these
manipulations. ' | '
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b)

c)

Figure 6. a) faces manipulated by (left) +50%
masculine and (right) -50% masculine; k) faces
manipulated by (left) +25% self-similar and (right) -
25% self-similar, c) faces manipulated by (left)
+50% self-similar and (right) -50% self-similar.
Pairs a) and b) were used in the study.
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- 5.1.1 ¢ Rating session .

Fifteen women did not attend the rating session, reducing
participant numbers to 59, aged 16-39 (mean + SD = 23 + 5 yrs).
At the rating session, me'en rated the set of face stimuli for
attractiveness for a short-term relaﬁonship, and then rated the set
of stimuli for attractiveness for a long-term relationship. Women
were told that a short-term relationship might include a date or
holiday romance, and a long-term relationship might include
marriage or shared parenting. - Stimuli were presented in
randomised order using a Java applet. :

Ratings were provided on a 7-point scale anchored by the verbal

descriptors ‘unattractive’ and ‘very attractive’. Following the

collection ‘of ratings, women were asked how much they knew

about the study hypotheses. They were asked to talk generally,

end also asked specifically what they thought the researchers

were investigating. Around.a third of the participants 'suggested '
_ that the faces were used to investigate responses to face

“manipulations, including size, shape‘ * and masculinity

manipulations. No-one suggested that the faces may have been

manipulated to resemble the rater.

5.1.1d Analys:s | A

Analysis was carried out in SPSS 150 Greenhouse-Ge|sser
- correction was used when there was evidence that data violated
assumptlons of sphencuty (Mauchly’s test, p< .05). If the analyS|s
indicated a significant effect, pairwise comparisons (Least
Significant Differences: i.e. uncorrected for multiple comparisons)
were carried out. Mixed-model analys‘is with rater as unit of
analysis was used in order to include the various levels
'(felationship term, -‘self-similarity manipulation, masculinity
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manipulation) within the same analysis. To ease readability, the
following terms are used to describe the manipulated facial
images: ' |

SD - the sexual dimorphism manipulation
SD-MASC — faces manipulated to increase rﬁasculinity

- SD-ORIG - faces unmanipulated along the dimension of sexual

dimorphism

SD-FEM - faces manipulated to increase f‘emininityv

Sﬁ - the own-phenotype resemblance manipﬁlation
SR—HIGH - facés fnanipulated to increase self-resemblance

SR-ORIG - faces unmanipulated along the dimension of self-

resemblance

| -SR- LOW — faces manipulated to decrease self-resemblance

51.2  Results | |
Repeated-measures ANOVA (three levels of SD, three levels of

SR, short term or I_ong term relationship) indicated Signiﬁcant main
' effects of both SD (F2,116= 16.10, p < .001) and SR (F2,116 = 7.16, p
= .001). Post-hoc pairwise comparisons showed 'that'S‘D-FEM
faces were rated significantly less attractive than SD-ORIG and
SD-MASC faces (both p < .001) which themselves did not differ in
their ratings (p = .567). Likewise, SR-LOW faces were rated
~significantly less attractive than both SR-ORIG (p < .001) and SR-
HIGH ‘(p = .024) faces, which themselves did not differ (p = .213).
" However, the main effects of SD and SR were modified by a
significant interaction between SD, SR and relationship term
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mean attractiveness rating

ST: SR LT: SR

w
©

m SR-LOW
SR-ORIG
U SR-HIGH

mean attractiveness rating

FEM ORIG MASC FEM ORIG MASC

ST: SD LT: SD

Figure 7. ST: shortterm and LT: long-term
relationship attractiveness ratings. Bars = mean
rating + SE; significant differences in LSD pairwise
comparisons are shown at *p < .05 and *p < .01

(Fasz99.4 = 2.73, p = .037), which was analysed further, below.
Results of these further analyses are represented visually in Figure
7.
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5.1.2a Long-termAreIationship ratings |

There were main effects of both SD (F;44¢ = 6.32, p = .002) and
SR (F2.116 = 3.65, p = .029); SD-FEM énd SR-LOW faces were
least attractive. However, SR was not significant at any of the
separate levels of SD (SD-FEM: Fis, gs3 = 2.66, p = .090; SD-
MASC: F.116 = 1.00, p = .372; SD-ORIG: Fy.116 = 2.04, p = .135).

Next, the effects of SD were analysed for each level of SR for
long-term relationship ratings. SD was not significant fdr SR-ORIG
faces (F16935 = .46, p = .594). SD was (marginally) significant for
SR-LOW and SR- HIGH faces (SR-LOW: F;11¢ = 2.95, p = .056;
SR-HIGH: F2116 = 8.37, p < .001). In both cases, SD-FEM faces
" were rated (marginally) significantly less attractive than SD-MASC
(SR-LOW: p = .048; SR-HIGH: p = .002) and SD-ORIG (SR-LOW:
p = .055; SR-HIGH: p < .001) faces, which themselves did not
differ (SR-LOW: p = .877; SR-HIGH: p = .642).

5.1.2b Short-term relatiohship ratings

" In short-term relationship ratings, there were main effects of both
SD (F2,116 = 6.32, p = .002) and SR (F2,116 = 3.65, p = .029); SD-
| - FEM and SR-LOW faces were least attractive, although this was
modified by a significant interaction between SD and SR (F30,1735

= 2.660, p = .050).

Next, the effects of SR were analysed for each level of SD for
- short-term relationship ratings. In the analyses of bofh the SD-FEM
and SD-ORIG faces, SR did not affect preference (in SD-FEM:
F2116 = .19, p = .830; in SD-ORIG: F16, 938 = 2.07, p = .141). In
SD-MASC faces however, SR was significant (F5.116 = 8.445, p <
.001): SR-LOW faces were liked significantly less than SR-ORIG -
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(post-hoc pammse comparlson p= 003) and SR HIGH (p < 001)
faces ‘which themselves did not differ (p = 582)

Separate analysis of the three levels of SR showed that SD was
- significant at all three levels (SR-LOW: F 146 = 4.49, p = .013; SR-
ORIG: Fi7g63 = 6.13, p = .005; SR-HIGH: Fy415 = 8.57, p < .001).
- In SR-LOW, SD-ORIG faces were rated higher than both SD-
- MASC (post-hoc pairwise comparison, p = .043) and SD-FEM (p =
.005) faces, which themselves did not differ (p = -346). In SR-
ORIG faces, SD- FEM faces were rated lower than SD-MASC or
SD-ORIG faces (post—hoc pairwise comparisons, both p = .002)
which themselves did not differ (p = .472). Finally, in SR-HIGH

faces, SD-MASC faces were rated near-significantly higher than -

SD-ORIG faces (post-hoc pairwise comparison, p = .052) which in
turn were rated signifi cantly higher than SD FEM faces (p = .027).

The partncnpants were recruited for Experiment 5b, and so some
rating sessions were scheduled to coincide with the ‘high-fertility’

phase of the non-users of hormonal contraceptives. 'Accofdingly,.
an unusually large proportion of women may héve been at high

fertility. To. detérmine whether this was biasing the résults, a
- second analysis was run where fertility phase (non-users of
hormonal contraceptives at high fertility, n = 10)‘was entered as a
between-subjects factor, There were no main effects of or
interactions with this factor (all p > 1) Similarly,'there were no
main effecfs of or significant interactions with the between-subjects
factor representing whether women were users or non-users of |
hormonal contréceptives (all p>.12).
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513 Discussion‘ : ‘
Fifty-nine women rated the attractiveness of male faces that had -
been manipulated simultaneously albng dimensions of sexual
~dimorphism and own-phehotypé resemblance in the contexts of a
short-term and then a long-term relat_ionship. The aim of the study
was to investigate the different weightings of absolute and relative
quality in women’é mate choice decisions, and whether weightings
differed by context (here, short- versus long-term relationship
bontext); as we might predict (Colegrave et al. 2002). |

Feminised faces were rated sighiﬁcantly less attractive than faces
that had beeh masculinised or unmanipulafed along the dimension
of sexual dimorphiém, in both short-term and Iong-term‘
relatiénship contexts. This replicates previous findings that male -
facial femininity is often less attractivé than male facial masculinity
(DeBruine et al. 2006); further discussion of the attraction of facial
sexual dimorphisr'n.was‘ made in Chapter 1. Faces manipulated to
look dissimilar from the rater'were rated as less attractive than
faces that had been manipulated to look more similar to the rater
~and than faces that were unmanipulated albng the dimension of
owh-phenotype resemblance. This held for both short- and long-
term relationship ratings. This replicates' previoué work_on the
attraction of own-phenotybe resemblance, whether experimentally
manipulated (Penton-Voak et al. 1999b; DeBruine 2004) or
. measured in reél-life 6Quples (Zajonc et al. 1987; Bereczkei ‘et al.

2002; Bereczkei et al. 2004), but is inconsistent with work showing |
an aversive effect of experimentally manipulated own-phenotype
resemblance in short-térm relationship confexts (DeBruine 2005).
" The reason for this discfepanby is unéleér, but seems unlikely to
be a consequence of differences in the rating task. The current
study used a Likert scale father than‘forced-choice preference test,
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and a lesser degree of facial manipulation than (DeBruine 2005).
However, other studies using forced-choice preference tests and
greater d'e.grees of manipulatiori have, like the present sfudy, allsb
shown positive effects of owh-phenotype resemblanée, albeit
outside of the context of a short-term relationship (Pénton-Voak et
al. 1999b; DeBruine 2004). Instead, the discrepancy from previous
findings could relate to local population differences. As reviewed in‘
Chapter 1, individual differences give ﬁse to differences in good
‘genes preferences; such differences could also -give rise to
differences in compatible gene}s preferences in humans. For
instance, in mice, preferences for compatible genes are affected
by the range of genétic dissimila_rity encbuntered in the pdpulation
(Roberts & Gosling 2003). | |

Results also showed a significant three-way interaction between
* the two dimensions of manipulation (own-phenotype resemblance
and sexual dimorphism) and the context in which ratings were
made (short- or long-term relationship). In long-term relationship
ratings, own-phenotype resemblance was more important than
masculinity. Feminised faces were least attractive, but a robust
effect of the sexual dimorphism: manip‘ulation' (i.e. statistical

‘significance at a = .05 both as a main effect and also in the

éubsequent pairwise comparison) was only demonstrated in; the
ratings of faces that had been manipulated to resemble the rater.
~As set out in Chapter’1', it has been argued that highly masculine
men may not be a viable option for a Iong-term’relationship for
most women because théy are too highly sought after (Liﬁle et al.
2001; Penton-Voak et al. 2003; Scott et al. 2008). Yet where both
partners .have a vested interest in developing a relatiohshib (for' .
example, by r‘esemblance. to each other), this may limit the
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~marketplace and open up opportunity for women of lower genetic
" quality to partner more masculine men.

In contrast, in short-term relationship ratings, masculinity was more
“influential than own-phehotype resemblance. Own-phenotype
resemblance» only enhanced attractiveness ratings  for
ma'sculinisedi faces, but masculinity raised attractiven‘es"s ratings at
both medium and high levels of own-phenotype resemblance.
- Consistent with the results from a similar study in mice (Roberts &
Gosling 2003), together these results suggests that raters applied
a hierarchical or nested rule (Mays & Hill 2004), which varies
according to relationship context. That is, in short-term relationship
ratings, good genes (masculinity) are the more important, and
| compatible genes are only desired when good genes criteria are
met. In contrast, in long-term relationships, own-phenotype
resemblance is the more important; only at the highest level of
self—resemblancé does mascdlinity enhance ratings.

Faces that had been unmanipulated along dimensiéns of self-
resemblance (SR-ORIG faces) tended to be rated as attractive as
faces thét resembled the rater, and faces that had been
'unmanipdlated along dimensions of sexual dimorphism (SD-ORIG .
faces) tended to be rated as attractive as masculinised faceé. This
may be because unmanipulated faces may be 'perceived as more
average and aVerageness' is more important to ratings of
attractiveness than own-phenotype resembla'nce (Penton-Voak et |
~al 1999b). The.inclusiqn of Unmahipulated faces in preference
- testé, along either the sexual dimorphism or the own-phenbtype
resemblance dimension, is unusual, ‘and future work might
consider redressing this. o
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The manipulations used were 50% sexual dimorphism and 25%
self-resemblance. As discussed in 5.1.1 b above, these
prbportiohs were chosen to reflect previous work whiie maintaining
. approximate - perceptual equivalence. Exact ‘perceptual
~equivalence is unlikely, and indeed may vary by rater. Future

~research might seek to determine whether these results are
equally applicable at other levels of facial transformation. Certainly,
. the inclusion of more than two levels of sexual dimorphism and
own-phenotype resemblance seems important in light of findings of
an aéymptotic rather than linear function of own;phenotype
" resemblance on attractiveness ratings (Penton-Voak et al. 1999b).
Previous research has used 100% (Penton-Voak et al. 1999b) and
50% (DeBruine 2004) own-phenotype resemblance manipulations;
the present stddy demonstrates an effect at 25% manipulation.

52  Experiment 5b: Attraction and the menstrual

cycle
' 5.2.1 Methods

. 521a Female raters '

Seventy-four‘ Caucasian women were recruited from amongst
university students and social contacts for a within-subjects study
on the stability of perceptions of attraction and attractiveness; they
were not told the specific study hypotheses. The majority of thése
women also took part in the studies reported in Chapter 4 and 5a.
Before women attended any study session, an initial meeting was
arranged for each female volunteer, where she read a written
description of the experiment and provided consent to
participation. Females weré told that a photograph was ‘required to
be used to help in the understanding of their preferences, and
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were'photographed directly'facing the camera with a neutral
~ expression. ‘Women . then completed an initial demographic
questionnaire which included questions on age, relationship status,
ethnicity, hormonal contraceptive usage, date of last and next
- predicted menses, and details of average cycle length. Non-users
of hormonal contraceptives all reported é usual cycle length of
between 23 and 35 days. Users of hormonal contraceptives will be
referred to as belonging to the CONTRACEPTIVE group, and non-
users to the NON-CONTRACEPTIVE group.

5.2.1b Session scheduling ‘
Women atténdéd two‘ rating sessions. Sessions were scheduled as
described in Experiment 4b. Women were contacted by email to
seek info}mation regarding onset of next menses subsequent to
“the sessions, and NON-CONTRACEPTIVE grdup women returned
for a third (n = 3) or fourth session (n = 1') as necessary to obtain
high- and low-fertility ratings from all participants. Since women
could not always attend the laboratory at the appropriate time, five
testing sessions were run over the internet; research has shown
that internet-based ratings of opposite-sex attractiveness ' give
equivalent results to lab-based rating s‘ession‘s (Krantz et al. 1997;
Epstein et al. 2001), and results of tests run over the internet are
widely assumed to be equivalent to those run in the laboratory.
: Women were not excluded merely on the basis that they attended
a recording session just prior to menstruation because research
demonstrates large individual variability in the link betWeen cycle
phase and mood (Walker 1997); in any case, only one woman
from the NON-CONTRACEPTIVE group final sample (see below)
attended a recording sessidn in the three days prior to
menstruation. Four women used in the final sample (see below)
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did not experience regular ‘menstruation. Of these four, one
woman took oral contraceptives with a ‘28-day cycle and so the
~ first day of the pill packet was defined as ‘Day 1'. The remaining
three women either used contraceptive implants (n = 1) or oral
contraceptives with no ‘Day 1" (n = 2). The sessions of one of
these women were scheduled eight days apart, and  her first |
session allocated to the ‘low-fertility’ phase and  her second
session to the ‘high-fertility’ phase. The sessioné of' the other two
women were scheduled 14 days apart, and their first séssion
allocated to the ‘low-fertility’ phase and their second seésion to the
‘high-fertility’ phase. Fifteen women did not attend any raﬁng
session, and 25 women did not carry out the task at both the ‘low-
- fertility’ and ‘high-fertility’ phase, The final sample consisted of 34
women (n = 13 NON-CONTRACEPTIVE)'. Nine women from the
NON-CONTRACEPTIVE -group and 15 women from the
CONTRACEPTIVE group attended the first session in the *high-
fertility’ phase. The rating task was described in Experiment 5a.

Following the final data collection session, women were
Cinterviewed by one of ‘the female researchers (see |
- Acknowledgments) about their understanding of the study
hy.pOtheses..They_were given the opportunity to talk generally, and
were also speciﬁcally asked why they thought they carried out the
task on two separate sessions. Of the 34 women used in the final
sample, two women from the NON-CONTRACEPTIVE group and
11 women from the CONTRACEPTIVE group suggested that the |
study may have been concerned with the effects of the menstrual
cycle on preferenceé. Only two of the women from the
CONTRACEPTIVE group remarked that their usage of hormonal
contracepiives should eliminate this cycle effect on preference.
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Analysis was carried out in SPSS 15.0. Greenhouse-Geisser
correction was used when data violated éssumptions of sphericity
(Levene’s test, p < .05).' Repeatéd-measures analysis with rater as
unit of analysis was used in order to include the various levels
(relationship * term, fertility status, self-similarity manipulation,
| masculinity manipulation) Within the same analysis, while also -
allowing consideration of COntracéptive usage.

5.2.2 Results :
‘Mixed-model ANOVA (within-subjects factors: 3 x SD, 3 x SR,
short term or long térm relation'ship‘, high- or low-fertility; bet\Neen-
subjects factors: user or non-user of hormonal contraceptives;
whether high- or low-fertility rating session was first) indicated a
sighiﬁcant main effect of SD (F262 = 8.288, p = .001), but‘this was
modified by a significant interaction between SD and relationship
type (F2e2 = 3.958, p = .024). Thiis significant interaction 'was
~ analysed further with separate analysis of short-term and long-
term relationship judgments. - ’

SD was marginally: non-significant in short-term felationship
judgments (F1-5; 508 = 2.719, p = .085), feminised faces were given
lower ratings than masculinised or unmanipulated faces, althdugh
fhis trend was non-signiﬁéant in post-hoé pairwisé’ comparison
tests (p > .07). In long-term relationship judgments, sexual
dimorphism level was significant (F262 = 10.677, p < .001); in post-
hoc pairwise comparisons, SD-FEM faces were found signiﬁcantly
less attractive than SD-MASC (p < .001) and SD-ORIG (p = .003)
faces, which themselves did not differ in the ratings they received .
(p=.316). ' | |
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There were no other main effects or mteractnons (all p>.09), a
pattern that was repeated when the sample was restricted to
women in the NON-CONTRACEPTIVE group to maximise power
to detect a fertility effect

5.23 Dlscu»sswn

Thirty-four women rated the attractlveness of male composﬂe
facial images that had been manlpulated simultaneously across
three levels of sexual dimorphism (masculinised, feminised, and
unChanged‘) and self-resemblance (greater, lesser or unchanged
‘resemblance to the rater) for short-term and long-term relationship
contexts on a 7-point scale anchored by verbal descriptions
'(‘unattractive' and ‘very attractive’). Ratings were carried out at two.
points of the menstrual cycle, corréspondihg to high- and low-
fertility phases for non-users of hormonal contraception, and the-
_equivalent time periods with reference to the artificial menstrual
cy_cle of users of hormonal contraception.. |

There were no significant 'effects of hormonal contraceptive usage
or of fertility phase on rétings in Experiment 5a or 5b. This is
inconsistent with most publAished previous findings (Penton-Voak et
al. 1999a; Penton-Voak“& Perrett 2000; Johnston et al. 2001;
DeBruine et al. 2005; Jones et al. 2005a; Little et al. 2007b;
DeBruine et al. 2008; 'Jenes et al. 2008a). The within-subjects
design of Experiment 5b amplifies the statistical power to detect an
effect, and the sample sizes (Experiment 5a, n = 31 (10 at the
high-fertility phase) and Experiment 5b, n = 13 non-contracepti\)e- '
users) compares favoUrably with. at least one psycholog'ical
- investigation of changes across the menstrual cycle, which used
18 women, of which 11 were non-users of hormonal
contraceptives (Miller et al. 2007). Nevertheless, the findings of no.
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effect may represent a lack of stétistical power due to small
sémple sizes. An adjusted design' where women were paid to
attend sessions, or where ratings were collected at regular weekly
intervals‘over the course of a month, may haVe decreased drop-'

out due to non-attendance or to failure to obtain ratings during the

~ fertile phase.
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Medlum-term varlatlon general dlSCUSSIOI‘I

} Chapter 4 mvestngated the effects of the d|fferent modalities in

- judging appearance in general terms, and in judging appearance
changes across the menstrual cycle. The first experiment showed

that raters take account of both visual and aural a&ractiveness in

their judgments of overall attractiveness. The second experiment

found evidence that increased attractiveness at the high-fertility

phase may be recognisable in the real world in holistic perceptions

of WOmen, and, surprisingly, that raters presented with information

from a number of different _channele simultaneously were not better

at rating high-fertility récordings as more attractive, perheps

because there is discordance between modalities. Chapter 5

considered a corollary subject, namely, how women's preferences

change across the menstrual cycle. Contrary to previous research,

and possibly due to small sample sizes, it found no significant

effect of menstrual cycle phase or hormonal contraceptive usage

on preference. Nevertheless, in an experiment inspired by the
previously noted cyclic changes in preference for cues of good
. genes and compatible genes, it showed that women’s facial

preferences can be described by a context-dependent hierarchical .
rule. This rule privileges compatible genes in judgments of

attractiveness for long-term relationships, and good genes in
judgments of attractiveness for short-term relationships.

The proximate mechanism driving changes across the-cycle is
unknown. Research on hormonal correlates of preferences have
implicated a fairly large number of the hormones whose levels
fluctuate across the cycle, including esfradiol (Roney & Simmons
2008), oestrogen (Feinberg et al. 2006; Garver-Apgar et al. 2008),
progesterone (DeBruine et al. 2005; Jones et al. 2005a; Puts
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+2006; Garver-Apgar et al. 2008), testosterone (Welling et al. 2007),
and prolactin (Puts 2006). Changes in hormonal levels may
ultimately both underpin, and also constitute biological constraints'
on (Vla & Lande 1985; DeWitt et al, 11998), the adaptedness of
cyclic changes. ' ‘

While it is assumed that cyclic changes are biologically adaptive,
the beneficiary of the changes is currently unknown. Many of the
parameters that give rise to these changing preferences (physical
masculinity, low vocal pitch, dominance) are positively correlated |
with testosterone levels which may constitute an honest signal of
good genee, as set out in Chapter 1. Some researchers suggest
that cyclic preferenee shifts may be useful to women to identify
males of especially high genetic quality for extra-pair relationships
| (e.g. Little et al. 2007b). In support of this, preference shifts are
sometimes only apparent when women make judgments for short-
‘term but not long-term relationships, as reported in Chapter 5.
Further, women of lower genetic quality themselves, who are
thought to be more likely to adopt a short-term rather than long-
term relationship strategy (Gangestad & Simpson 2000), show
greater preference shifts: women with ' lower oestrogen levels
~ showed greater ﬂuctuatlons in their preference for masculinised
voices across the menstrual cycle, while higher-oestrogen women
did not vary their preferences so much as a function'of fertility
status (Feinberg et al. 2006). High-oestrogen women are more
likely to have a more attractive body shape (Jasienska et al. 2004)
and face (Law Smith et al. 2007), and thus oestrogen
measurements may provide an assay of female quality. Yet this
trend is not consistently found; for instance, menstrual cycle
- preference shlfts appear Iess pronounced in more masculine,
higher-testosterone women (Johnston et al. 2001; Scarbrough &
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Johnston 2005). Further, preference shifts rhay function in
- established partnerships, as much as, or instead of, promoting
extra-pair liaisons. | | |

. Indeed, the evidence from _appearance changes across the 'cvycle .
(Chapter 4) is more consistent with the idea that these function
within  established relationshipe rather than in extra-pair
relationships. Unlike some other primates (Domb & Pagel 2001),
,women’s changes ih appearance are subtle. Attractiveness varies
much more between women than within women, and in this way it
seems highly probable that someone who was not intimetely
familiar with a woman would be unlikely to be able to detect
attractiveness changes. It is true that the evidence that 'Iap-
“dancers receive greater tips at the high-fertility phase (Miller et al.
2007) effers some contradiction to this; presumably, many of the
~ tip-giving male customers would not have encountered the woman
before. However, firstly, it is not clear whether tip increases

- respond to increased female attractiveness or, say, increased

female diligence or ability to find high-paying customers. Secondly,

female lap-dancers are likely to be much more horhogeneous in
| attractiveness than the general population, and so cyclic changes
in their attractiveness may be relétive!y more apparent. Future
research on differences between partnered and unpartnered
women, in particular in within-subjects deeigns, “may help to
answer some of tﬁese questions.
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SECTION  3:  LONG-TERM  VARIATION:
DEVELOPMENT DURING ADOLESCENCE

Section 3 examines the Iong_-term changes in attractiveness
judgments that take place during adolescence. Adolescence is a
lengthy process, and as such constitutes an appropriate arena for
the examination of long-term changes in attractiveness'judgments.
It also presents a theoretically exciting context for the investigation
of attractiveness judgments because 'it is here when the human
“animal  becomes capable of 'rep‘rodu'ction'. Attractiveness
judgments ‘across adolescence have been very little examined;
there are perhaps just two studies (Connolly et al. 2004; Saxton et
al. 2006) that have addressed this topic. In this Section,
attractiveness judgments are considered wi'th reference to
individual differences in biological change, encompassing both
chronological age and piibertai development (Chapter 6), and also
* with reference to individual differences in experience (Chapter 7).

‘Many animal behaviours only emerge at the relevant point in the
life stage of the animal, often alongside or as an outcome of the
dev‘elopment'of the relevant phyéical characters. The developrﬁent :
of physical characters at the appropriate ontological stage is
perhaps most noticeable in characteristii:s associated  with
courtship and intrasexual competition. Indeed, a test occasionally
used to support the assertion that a trait is sexually selected is to
examine whether it emerges at puberty (Andersson 1994;
Cartwright 2000). This trend for capabilities to emerge as they are
needed by the animal is, of course, not restricted to physical
capabilities, but can extend to psychological capabilities. In
humans, judgments of attractiveness are psychological capabilities
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that are thought to support biologically adaptive identification of
high quality partners (Fink & Penton-Voak 2002; Rhodes 2006).
We hypothesised that ‘accuracy in these judgments may arise
during adolescence, because the identification of mate quality is
only biologically relevant when the individual becomes capable of
reproducing. o | : |

Physical attractiveness judgments are perhéps most well
understood in relation to facial attractiveness. In adults,

averageness, symmetry and sexual dimorphism have systematic -

| influences on judgments of facial attractiveness and are thought to
be used to select desirable partners (reviews in Rhodes 2006; -
Roberts & Little 2008). Research on the attractiveness‘judgments
of children has tended to focus on whether children respond in the
same way as adults to faces that adults would describe as
attractive, irrespective of how underlying traits such as symmetry
mvay affect their judgments. In many ways, attractiveness
judgments'by children are not dissimilar from those made by
adults. For instance, children who are given pairs of faces that
have been pré-selected by adults to include an ‘attractive’ and an
‘unattractive’ face demonstrate preferences for the more attractive
of the pair (Dion 1973), even at six months of age (Langlois et al.
1991). Another study found that adults and groups of children aged
seven, 12 and 17 did not exhibit signiﬁcant differences in their
ratings of facial attractiveness (Cross & Cross 1971).

Yet these broad similarities between the preferences of different
age groups may hide systematic changes in facial preferences
during ontogeny. Concordance of agreement in the ordinal
rankings of attractiveness of older children was found to increase
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in 'a‘ between-subjects experiment comparing children aged
between five and eight (Cavior & Lombardi 1973), and girls aged
nine and 12 showed less pronounced preferences for attractive
_ ginls’ faces than adults did (Kissler & Bauml 2000). There are
vsigniﬁcant age-related differences in female assessments of the
attractiveness of opposite-sex faces: pre-adolescent girls (aged 7
- 10), téenage girls (aged 12 ~ 15), and adult females (aged 20 -
34) all exhibited some degree of within-group concordance in their . -
judgments of male facial attractiveness, but only judgments from
the two older groups led to significant correlations between the
facial anvd vocal attrectiveness ratings of a group of men (Saxton et
al. 2006).

The roots of facial preference may be apparent even in neonates.
" Infants preferentially track face-like objects 30 minutes after birth
(Morton & Johnson 1991), and look longer at attractive faces from
a few days after birth (Samuels et al. 1994; Slater et al. 1998). Yet
facial averageness does not predict infants’ judgments in the same
way as it does édults’: while infant looking time is thought to
demonstrate preference, ’infants_ looked longer at less average and
(non-significantly) at less symmetric faces, although this is possibly
because of the documented infant preference for novelty (Rhodes
et al. 2002). Accordingly, one of the topics tackled in Chapter 6 is
an investigation of the presence or absence amongst adolescents
of the preferences demonstrated in adults for facial symmetry,
_ averageness and sexually dimorphic features.

Adults’ Judgments of vocal attractlveness have also been the

subject of much recent research mterest Adult men prefer hlgher-
pitched voices in women (Colhns‘& Missing 2003; Jones et al.
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2008b) and the faces of women with higher-pitched voices
(Feinberg et al. 2005a), while adult women prefer Iower;pitched
- voices in men (Collins 2000, Feinberg et al. 2005b; Feinberg et al.
2006; Saxton-et al. 2006; Vukovic et el. in press). In contrast, a
preference for higher—pitched voices is demonstrated by preschool _
children (Trainor & Zacharias 1998), and this preference is
perhaps reflected in the tendency of adults to elevate their pitch in
infant-directed speech (Fernald & Kuhl 1987; Kitamura et al.
| 2002). Likewise, one study found that pre-adolescent girls (aged' 7
- 10) Showed a non-signiﬁcant tendency to prefer unmanipulated
higher-pitched male voices, while the normal adult preference for
lower-pitched 'male voices was only apparent from adolescent
(aged 12 - 15) and adult raters (Saxton et al. 2006). It is clear that
female attractiveness judgments of vocal pitch must undergo a
fairly high-magnitude change during development, but the precise
timing of this change is unknown, and again this question is
addressed in Chapter 6. | |

Besides the theoretical basis for the hypothesis that preferences
for cues of genetic quality should arise during puberty, there are
also two distinct proximate mechanisms that may support these
changes. The first derives from the tenet that familiarity is
attrective (Zajonc, 1968); visual attractiveness judgments in
particular are amenable to exposure effects (see e.g. Bereczkei et
al. 2002; Little et al. 2003; Bereczkei et al. 2004; Little et al. 2005;
Buckingham et al. 2006).’ Indeed, this mechanism has been
previously demonstrated in the facial prefeiences of children. Due
to their shorter stature, children will often see faces from 'beIow,
thereby foreshortening the lower portions of the face being viewed.
Consistent with their experience,‘ pre-adolescents and younger
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~ children give higher attractiveness ratings to faces manipulated SO
that internal features are located lower than average, rather than
higher than average, within the face (Cooper et al. 2006). As
children go through puberty, their peers change in appearance,
K and one might predict changes in judgments of attractiveness that
occur in fequnse to the changing physical attributes of their
peers. This would give rise to changes in ju'dgments of physical
 attractiveness stratified by age or school class. To investigate this,
the study included contrasts of the attractiveness preferences of
groups of children of different ages (Chapter 6) and different levels
of exposure to the opposite sex (Chapter 7). .

The second proximate mechanism that could indirectly support
changes in judgments of attractiveness during puberty is
| . endocrinological. Physical attractiveness judgments change during
the menstrual cycle in adult females, and these changes are
assoc‘iated with ﬂuctuations in levels of varioue hormones
(DeBruine et al. 2005; Jones et al. 2005a; Feinberg et al. 2006;
Puts 2006; Welling et al. 2007; Garver-Apgar"et al.; Roney &
~ Simmons 2008). Although the physielogiCaI changes of puberty
are of course distinct from those of the menstrual cycle, there is
evidence for links between reproductive behaviour and pubertal
hormones. Thus, the clinical condition known as . precocious
- puberty, which stimulates the physical changes of puberty at a
very young age, co-occurs with increases in sexualised behaviour
(Thamdrup 1961; Ehrhardt & Meyer-Bahiburg 1994). Similarly,
horm'onal levels durihg adolescence correlate with sexual
behaviour (Udry et al. 1985; Udry 1988; Halpern et al. 1993), and
- testosterqne levels in adult men have been linked te differenees in
preference for sexual dimorphism in female faces (Welling et el. in
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press). Finally, early puberty has been linked to systematic
differences in facial preferénces in adults (Cornwell et al. 2006). If
endocrine change is an important proximate mechanism of
attractivenéss ju\dgmenfchange during puberty, one would expect
to see differences in judgments that correspond not to the age of
the child but to his or her stage of pubertal development. This topic
is also addressed in Chapter 6.

The studies reported in Chapters 6 and 7, then, set out to examine
the trajectory and instigators of changes in adolesceht judghents
of facial and vocal attractiveness. Faces and voices were chosen
‘as stimuli since there is a great deal of empirical and theoretical
research on how facial and vocal characteristics affect their appeal
in adulthood (reviewed in Chapter 1), and because they are both |
important in judgments of individual attractiveness (Chapter 4). .
. Chapter 6 focuses on changes that occur in tandem with biological

development, described by chronological age or by pUbertal

matdration. Chapter 7 in contrast considers how individual

differences m experience during puberty, including experience of

single- or mixed-sex schooling, and sex and number of siblings,
may impinge upon preference. |

153



Chapter 6 “,Biolo'gicall

development and attraction

Adolescence constitutes the ontogenetic stage between the
dependency of childhood and the i‘r'\dependence of adulthood. It
constitutes ' both  physiological changes, encompassing the
changes of puberty when the child develops secondary sexual
characters and becoming capable of reproduction (Ttmiras 1972),
“and socioculturally-constructed changes, when individuals take' on
the social obligations and responsibilities, and the legal rights, of
adulthood. During this time, chronological years of experi‘ence‘,
physiolog.ical (including neurological) d'evelopment, and social
expectations, lead to adult-like thinking, reasoning and behaviour
~ replacing those of the child. Adolescence is associated with
psychological‘ ehanges inctuding changes in cognition and
perception, aggression and attention, emotion and motivation, and
sexuality (Orr & Ingersoll 1995; Davison & Susman 2001; Danhl
2004). From a biological perspective, some of the most important
changes relate to mate choice and reproduction, to which .
judgments of attractiveness form an essential prequel. The
. experiment described in this Chapter examines the relationship
: between biological development and judgments of attractiveness.

At the simplest level, biolegic_:al development may be measured
simply with reference to age. Age, rather than individual
differences in pubertal development, is the best predictor of dating
activity during adolescence, suggesting that age-related social

-norms and standards can explain at least some tybes' of |
edolescent reproductive behaviours (Dorhbusch et al. 1981). Yet
~ differences in biological development during adolescence can also
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result from individual differences in pubertal maturation stage,
something' known to affect sexual behaviour (Udry et al. 1985;
Udry 1988; Halpern et al. 1993). To link the changes of buberty to
| changes in attractiveness judgrﬁents, we must first understand
broadly what puberty encdmpasses. ‘

The development ‘axes of puberty are threefold. Puberty
encompassés the two neuroéndocrinological changes of
| .adrenarche and gonadarche (Grumbach 2002), and a 'third
dimension of growth change. Adrenarche is the earliest stage of
puberty, probably beginning from about age 6 or possibly earlier in
~ girls, and a year later in boys (Parker et al. 1978; Cutler et al.
©1990; Hubert & Carson 1990; Parker 1991). At this time, the
- adrenal glands begin to mature and to secrete adrenal androgens
‘including dehydroepiandrosterone and its sulfate, androstendione, |
testosterone and estradiol (Sizonenko‘ et al. 1976; Forest 1989;
Parker 1991; Grumbach & Styne 1992). Early stages of
adrenarche m'ay‘ be silent in terms of somatic markers of
development (Dorn et al. 2006). Gonadarche, with reactivation of
the hypothalamic-pituitary gonadal axis (Plant 1986, 2002), is
acCompaniéd by matufation of the ovaries or testes and the full
development of secondary sexual characteristics (Dorn et al.
2006), precipitating spermarche in bbys and menarche in girls. -
Gonadal steroids lead to female breast and pubic hair -
development, and to genital growth in both sexes (Dom et al.
‘ 2006). Gonadarche begins from around age nine in girls and about
avyear later in boys (Grumbach & Styne 1992, 2003). The third set
of pubertal maturational changes constitute changes in growth
trajectory and in body size and composition (Reiter & Rosenfeld
2003), resultmg from increased amounts of growth hormone (Dorn
et al. 2006). It was originally thought that gonadarché was the
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more important instigator of sexual attraction (Money & Ehrhardt
1972), but adrenarche has recently received some attenhon in
relation to its role in adulthood retrospective reports of mmal
feelings of sexual attraction (McClintock & Herdt 1996).

6.0.1  Introduction to the Experiments

Two experimental studies were carried out to inveetigate whether

there was a c;o'nsistenf, directional relationship with age in relation

to preference changes during adolescence. The ﬁfsi sampled face

and voice preferenees of British school children at two points,

around a year apart. The second was a cross-sectional study of

the preferences of Czech school children. Facial preferences were

measured with forced choice preference tests of age-matched

faces that had been manipulated along three facial dimensions

thought to cue genetic quality (see Chapter 1) and as such are

good contenders for cues that might be different_ly perceived

before and after puberty: namely, symmetry, averageness and

sexual dimorphism. Voice preferencee were measured with forced .
choice preference tests of age-matched voices that had been '
manipulated for pitch, again a cue of genetic qdality (Chapter 1).

" Pubertal development data were also collected. The three
developmental axes of puberty (adrenarche, gonadarche, growth
change) allow pubertal development to be described with
reference ‘to a range of hormonal or somatic events. A wide variety
of methods have been used in the literature, and indeed different
research questions may merit different approaches to the
- quantification of pubertal stage (review in Do et al. 2006). The.
“Tanner stages (Tanner‘ 1962), assessed by en independent
physician, are often regarded as the ‘gold standard’ in the
“measurement of puberty (Brooks-Gunn et al. 1987; Petersen et‘ al.
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1988; Carskadon & Acebo 1993; Taylor et al. 2001; Dorn et al.
2006), perhaps supplemented or, in particular clinical settings,
replaced by measurement of boys’ testicular volume (Hopwood et
al. 1990; Dorn et al. 2006). Such methods are often inappropriate
~or unethical in non-critical or non-medical research, and
questionnaire studies based on markers of somatic development
may be preferred (BrookS-Gunn et al. 1987; Petersen et al. 1988;
Carskadon & Acebo 1993). |

Self-rated ;Ta‘nn'er_stages show good correlation with physician-
‘rated Tanner stages (Duke et al. 1980; Morris & Udry 1980;
Brooks-Gunn et al. 1987; Taylor et al. 2001), but this method stil
" requires - children to assess photographs of genitalia and
secondary sexual ‘characters, something that is not always
acceptable to children or to their parents or guardians. A less -
intrusive method Is the Pubertal Development Scale (Petersen et
; al, '1988). In this scale, children self-assess various physical traits -
from memory and indicate whether change from the child to the -
adult form has‘not yet beguh, has just begun, is definitely
underway, or is fully completed. Boys assess un_derafm and pubic
hair growth, face hair grthh. and voice change. Girls asses;s
breast development, body hair growth, and also indicate whether
and at what age menarche occurred. Both sexes assess skin
- change and growth spurt. The four stagés are converted to a four-
point scale, and the mean score used as a basis for comparison of
pubertal developmehtal between individuals. Menarche is coded
dichotomously (either 1 or 4 points). The Pubertal Development
Scale has good intefnal consistency (Petersen et al. 1988) and
has been independently validated to show high correlation with
physician and self-ev‘aluation of Tanner stages (Brooks-Gunn et al.
1987; Carskadon & Acebo 1993). Like Tanner stages, the Pubertal
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Development Scale captures somatic markers of hormonal
change. The grthh of pubic hair is one of the earliest changes .
- during puberty, and results from increased secretion of adrenal
androgen (Hopwood et al. 1990). Increases in skin oils, Ieading to
possible skin changes, is again a result of adrenal androgen
secretion (New et al. 1981; Parker 1991). Peak height growth
occurs in early puberty, around Tanner stage 2, in girls; and
slightly later, in Tanner stage 3 or 4, in boys (Hopwood et al.
1990). Drawbacks of the Pubertal Development Scale include that
it measures changes that tend to occur late in puberty, and
conflates measures of adrenarche and gonadarche (Dorn et al.
2006). Gonadarche is more relevant for the age group in the study, -
but it is true that the Pubertal Development Scale, like all
measures of puberty, is somewhat apprdxifnate of development.
Further, questions about secondary sexual characteristics can still
be considered offensive or inappropriate by the consent—granting
body. A variety of methods of measdrement of pubertal stage were
‘used in the experimental studies described, dependent upon
negotiations with the schools from which children were recruited.

6.1 Experimen‘t 6: Attraction across adolescence
611  Methods

611a Stinﬁlli creation

All visual stimuli were created on the basis of facial photograbhs of
60 Caucasian children recruited in equal numbers from four groups
(male or female; 11-13 (mean + SD = 12:1 £ 0:6) or 13-15 (mean &
SD =14:11 £ 0:11) :years old) from local social groups or schools.
Written ‘parental consent and individual acquiescence was
obtained from each participant. Conventional methods were used
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to create the facial stimuli (e.g. Perrett et al. 1994; Little et al.
2001). Facial features were marked out using dedicated software
(Tiddeman et al. 2001) and used to create 12 sets (representihg
each level of: male or female; 11-13 or 13-15 years old; sexual
- dimorphism, symmetry, or averageness manipulations), each
containing six pairs of images.

The mathematical averageness of stimuli was increased by adding |
- 50% of the linear differences in 2D shape between individual
images and the avérage shape for that category to six individual
images ffom each- sex and age category, allowing for a
comparison pair with the original imagel. This method has been
used previously to create stimuli for tests of respohses to facial
averageness (e.g. Jones et al 2007). Following methods of
previously published research (see e.g. Penton-Voak et al. 1999a
Little et al. 2001; L|ttle et al. 2002; Jones et al. 2005a; Buckmgham
et al. 2008), stimuli which differed in sexual dimorphism were.
created by adding or subtracting 50% of the linear differences in
2D shape between the average face shape of the older boys and
the avérage face shape of the older girls (i.e. 13 — 15 years old) to
| six photographs from éach age and sex group The face éhape of
- the older children was used in creatmg both older and younger
stimuli that dlffered in sexual dimorphism because pilot testing in
adults revealed very little perceptual difference between images
that had been masculinised and feminised using templates created
from the ydunger stimuli (i.e. 11 ~ 13 years old). This is
unsurprising given the low levels of sekual dimorphism evident in
the faces of pre-pubertal individuals (Enlow 1990; Enlow & Hans
1996). Stimuli which differed in symmetry were created by first
averaging six images from each of the four age and sex categories
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with their mirror image to 'produce a perfectly symmetric version,
‘and then moving the image shape 100% towards (to increase
symmetry) or 50% away from (to decrease symmetry) these
perfectly symmetrical versi.ons.' Pilot testing in adults indicated little
berceptual difference between the original and the 100%
symmetrised images, potentially reflecting relatively low levels of
~ asymmetry in children’s faces (see e.g. Trivers et al. 1999). -
Symmetry manipulations created with reference to a continuum
between Symmetric and original faces are use'd in previous studies
(e.g. Little et al. 2001; Littie & Jones 2003). The same six faces
,were' used for each manipulation 'type (averageness, syfnmetry, ,
sexual dimorphiém). ,Imagev colours were not édjusfed from the
original. Examples of the stimuli manipulations are giveh in Figure
8.

Recordings from six native-English-speéking children from each
sex and age group were used to make the vocal stimuli. The vowel
sounds [ou/ (as in “go”), /u/ (as in “soon”), /a/ (as in “bar”) and /i/
(as in “see”) were recorded with a IM-DR420H 1-bit portable
minidisc recorder (Sharp) ata samplihg rate of 44.1 kHz and 16-bit
quant_iiation in a quiet room with a AT822 One point XIY Stereo
DAT microphone (Audio-Technica Limited, Leeds, UK) placed at a
distance of around 20 cm from the speaker’s mouth. Vowel sounds
are conventional as stimuli in voice preference tasks (e.g. Collins &
Missing 2003; Feinberg et al. 2005b) and allow easy pérception of
'pitch while reducing speaker variation associated with intonation

and articulation. Voice recordings were high- and low-pass filtered
~ at 20 Hz and 7900 Hz to reduce non-vocal noise in the sound file
while retaining the audible formant frequencies of children’s vowel
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Figure 8. Examples of image manipulation,
applied to an adult base face (children's faces are
not shown for reasons of consent). Top row: face
has been masculinised (left) and feminised (right);
middle row: face is original (left) and made more
average (right); bottom row: face has been made
more asymmetric (left) and more symmetric

(right).

161



set stimulus

1 2 3 4 5 6 |mean SD

younger girls 235 208 168 233 222 247 {219 26
odergils 213 245 210 250 228 211 226 16
younger boys 226 218 222 240 136 193 |206 34
‘older boys 133 107 172 132 151 128' 137 20

Table 3. Mean pitch of voice recordings used as
stimuli, followed by mean and standard deviation,
- ‘for each stimulus set (Hz)

sounds (Jessica et al. 1999; Lee et al. 1999). All further acouetic
“measurements and manipulations were carried out using Praat
4.‘4.24 (www.praat.org). Fundamental frequencies were initially
sea_rched for between 180 and 700 Hz for the younger children
(11-12 yrs old) and between 80 and 600 Hz for the older children
(13-15 yrs old), and adjusted if necessary to take into account
individual speaker variation. Original mean - fundamental
frequencies (before fundamental frequency manipulation) are. set
out at Table 3. '

The PSOLA (Pitch-Synchronous Overlap and Add) method was
used to shorten or Iengthen vowels to obtain a duration of 0.35 s
and then to create twe new samples, one raised and one lowered
by 20 Hz in fundamental frequency. Between-vowel silence was
edited to occur at 0.5 s intervals, and amplitude normalised to 73
dB RMS. Finally, samples were converted from .wav to mp3 file
format using the AIITOMP3 Converter 1.6 (LitexMedia, Inc).

61.1b British raters

Pupils were recruited from four schools charging similar levels of
school fees, under approval from school senior management.
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‘Parents were informed of the study by letter and provided with an
opt-out form, which led to the non-participation of three pupils. The
study took place over two school years. The attractiveness
judgment tests were repeated with as many of the same pupils as
" were available plus a number of their classmates between nine
and 13 months sub‘sequent to the first test, subject to é,éhool time
availability.

~ Children were given a slip of paper with a username that wbuld be
used to identify their answers in Year 1 and 2 of the study.‘
. Children filled in their name on the slip of paper, and the slips were
stored securely by the school between Year 1 and 2 of the study.
_Children entered their usernam‘e When supplying data. The
schools were not given access to any data cdllected. In this way,
the Year 1 and 2 data of the same child could be linked, but data
remained anonymous, and neither the school nor the researchers
could link data to any named child.

Stimuli were presented in pairs of faces or voices that Awere
identical except - for “the ~manipulation applied (averageness,
symmetry, sexual dimorphism, or pitch). Children had to indicate
which of the two stimuli was more attractive and by how much. |
Children rated the stimuli created from children within their age
- group either at an individual computer (n = 229 Year 1; 213 Year
2) or provided pen-and-paper ratings of stimull présented throdgh
an overhead projector and classroom stereo system (n = 102 Year |
1; 122 Year 2). Such differences in presentation type are thought
not to affect judgmehts; previous research has shown no
differences in judgments of emotions, attitudes or personality traits
' dependént upon whether facial images were presented larger than
ife or about one-fifth Iife size (Ekman et al. 1979) and, more
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generally, facial aﬂractiveness judgmen'ts are particularly robust to

a range of presentation methods, remaining similar whether, for

instahce,i faces are presented for 100 ms. compared with

unrestricted viewing times (Willis &,Todorov 2006), or with whole -
versus half face information (Scheib et al. 1999). Further, face and

voice rating data collected over internet websites are widely used

in psychological research despite differences 'in visual 'image

quality and size or aural amplitude etc arising from differences in

individual computer screens or computer speakers, and face rating

data collected in this way are cen_sidered to be equivalent to data
collected under laboratory conditions (Krantz et al. 1997). Finally,
presentation 'type was held constant within each set, such that
-~ each child viewed and made judgments of pairs of faces of equal
sizes or voices presented in eduai fashion.

To avoid overtaxing children's concentration spans, both same-

and opposite-sex faces, but only opposite-sex voices (as voices

‘took 'Ionger to eveluate), were rated. Stimuli presentation order and

side were randomised. The younger children rated the same set of -
younger children’s faces and voices in both Year 1 and Year 2;
likewise, the older children rated the same set ef older children’s
faces and voices in both Year 1 and Year 2.

Following the rating task, pupils provided basic demographic
information including numbers of male and female children Ii\}ing in
the same household and pubertal development. Year 1 questions
were developed in consultation with the schools. Boys were asked
whether they had underarm hair and whether their voice had
broken, and girls were asked to indicate whether they had
undergone menarChe, and to rate their development in relation to
their peefs on a 4-point scale: ‘much r'novre_developed', ‘more
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developed', ‘less developed’, ‘much less developed’. From these
data, a three-point scale from the two self-reported measures of |
pubertal development (range: 0 — 2; bbys: one point if his voice |
- had broken and one point if he had uhderarm hair; girls: one point
if menarche had been attained and one point if she rated herself
more or much more developed than her peers).'150 boys and 111
girls answered all of these questions and were included in this
ahélysis. In Year 2, pubertal questions were expanded to include
the Pubertal Development Scale (Petersen et al. 1988) for all but |
one school where these questions were deemed inappropriate;

| The data of any child who demonstrated ext'remevside bias in theif :
preferences (Year 1 only, choosing' consistently the image
presented on one side 35 times out of 36; n = '3), or who entered
an unrealistic year of bir_th (Year 1 only, n = 2), were excluded.
Occasional technical ‘problems 6r child lateness resulted in
~ omission of some results, and children further had the option 6f
- skipping the rating of a face or voice. Mean preference score was
only calculated if data from at least five judgments had been
obtained following such omissions. Participant numbers and
ethnicities following exclusions are as follows. Year 1: 89 boys and
74 girls in the younger class (mean + SD = 11:10 # 0:5 years; 122
Caucasian, 16 West Asian, 8 East Asian, 1 African, 16 non-
respondents) and 93 boys and 75 girls in the older class (mean ¢
SD = 14:00 * 0:6 years; 146 Caucasian, 6 West Asian, 5 East
Asian, 1 African, 10 'non-respdndents); Year 2: 95 boys and 79
girls in the younger class (mean * SD = 12:9 % 0:4 years; 138
- Caucasian, 15 West Asian, 8 East Asian, 1 African, 12 non-
~ respondents) and 58 boys and 93 girls in the older class (mean +
SD = 1500 £ 0:6 years; 131 Caucasian, 6 West Asian, 5 East
Asian, 1 African, 8 non-respondents). Children who took part in |
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both Year 1 and Year 2: 82 boys and 66 girls in the younger class
(112 Caucasian, 15 West Asian, 8 East Asian, 1 African, 12 non-
_respondents) and 55 boys and 64 girls in the older class (101
Caucasian, 4 West Asiah, 5 East Asian, 1 African, 8 non-
respondents). Amongst the children who only took part in Year 2, 8
. boys and 10 girls from the younger class and one boy and one girl
from the older class omitted to give ages; they could not be
included in any analysis where age is a covariate, and their ages
do not contribute to the célculatigjns of mean and standard
deviation of age listed above.

6.1.1 ¢ Czech raters ' ' A
| 71 raters (n = 22 aged 12, n = 47 aged 13, n = 2 aged 14; 32
male) were recruited from three state schools in Prague in the'
Czech Republic and given Czech-language versions of the face
and voice tests. Children only took part if their parent or guardian
provided a signed a letter of consent to their participation. Face -
tests wére presented with a Java applet which randomiéed face -
presentéition order and side. Powerpoint was used to present the
Avoice rating tests. Eight different versions (four female voice
versions for male raters and four male vbice versions for female
raters) were created, each of which had identical numbers of
lower-pitched voices presented first or second. Raters rated same-
and opposite-sex faces from both the younger and older stimulus
set, and oppos'ite-s‘exlvoices from both the younger and older
stimulus set. Children filled out a demographic questionnaire which
included self-rated Tanner stages (Tanner 1962; Brooks-Gunn et
al. 1987; Carskadon & Acebo 1993). Here, all children were given
a series of five Sex-speciﬂc images of pubic hair developmental
stages to self-assess pubic hair development; this was converted
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to a score on a five-point scale. Boys were given images of five
stages of penis and scrotal dévelopment, while girls were given_ .
images of five stages of breast development; again, this was
~ converted to a score on a five-point scale. For each child, the
avefage of the two scores from the ﬁveépoint scale was used as a
measure of pubertal dévelopment (c.f. Vermeersch ef al. 2008,
who sum the two scores). Children were assured that théy did not
need to answer any questions, but that answers would be kept
confidential and anonymous. They were seated in a quiet cornér of -
the room away from the other chiidreh to complete the
questionnaire. No child omitted any answer.

6.11d :Staiistical analysis -

Stimuli were presented in pairs. of faces or voices that were
identical except' for the manipulation ~applied (averageh'ess,
symmetry, sexual dimorphism, or pitch). For each pair, the child
~ had to state whether their preferred face or voice was ‘much more
~ attractive’, ‘more attractive’, just more attractive’, or ‘guess’, thus
creating an eight-point scale from zero (if a child chose the more
asymmetric, more distinctive or more masculine face or the higher
pitched voice and found it ‘much more attractive’) through to seven
(where a child chose the converse stimulus arid found it ‘much
more attractive’). This method of calculating scores has been used
previously (e.g. Buckingham et al. 2006). Three children who used
 the paper-based score sheets indicated which facé/voice they
preferred, but omitted to state the degree to which they preferred

- that face or voice (British children, Year 1: two children omitted

degree for one face; one child omitted degree for one face and two
voices). Their preferences were scored up as though they had
chosen ‘Guess’, which allows accurate representétion of their
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-preferenbe direction, while reflecting the preference degree'that

. child usually chose (i.e. each of these children chose V‘G‘uess’ at
least 30 out of a possible 36 times). Each child was presented with
and made judgments on six stimulus pairs for each of the seven
manipulations (male and female facial averageness, symmetry and
sexual dimorphism; opposite-sex vocal pitch), and the mean score
fdr each was calc_:ulated, giving rise to seven mean preference
scores. | | o

Statistical analysis was carried out in SPSS 15.0. Data were not -
always normally distributed, but the statistical methods applied are
robust to this, paﬁicularly for large samples (Subrahmaniam et al.
1975; Olejnik & Algina 1.984). The assumption of .homogevnéity of
regression slopes was in some instances viblated, but ANOVA is
robustvto such violations and loses little power when the groups
“are of equal sizes (PeCkham 1968; Hamilton 1977). Greenhouse-
Geisser correction is used when data v‘iola.te the assumption of
sphericity (Mauchly’s test of sphericity, p < .05). Rater was dn,it of
analysis since this allowed investigation of the effects of individual
differences (e.g. age, sex, pubertal stétus) of the raters in terms of
betWeen'-subjects effects, while also alloWing consideration of how
the raters responded differently to the varioﬁs stimuli (i.e.
comparing responses to symmetry  with responses | to
averageness) while c_ontrolling‘for‘ individual differences in rater
ability. | | |

6.1.1e Scale usage : ,

- Scores may be confounded if one group of children Lls'es more of
the scale 'tha‘n another group, The child who uses the label ‘much
more attractive’ four times to rate the feminine male face and twice
to rate the masculine male face will have a score of ((4 x 7) + (2 x
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.0) = 28), while the child who makes the same decisions but uses
the label ‘just more attractive’ will have a lower score of ({4 x 5) +
| (2 x 2) = 24, when in fact the children could vafy only in their scale

usage and not in their perceptions. If such differential scale usage |
were a confounding factor, we would find a significant effect of the
standard deviation of a child's scores. There were no significant
effects of any of the variables of interest (Year, sex, agé) oh the
standard deviation of face or voice scores (face scores: mixed
model analysis; within-subjects factor: Year; between-subjects
factor: sex; covariate: age; all p > .1; voice scores: miXed modei
analysis; within-subjects factor: Year; covariate: age; all p > .085);
further, inclusion of this standard deviation as a covariate in the
analysés reported below has nd substantial impact upon the
results (i.e. results are qualitatively for the majority; in a couple of
instances, results that are significant at 'conventional levels
become significant at borderline- levels i.e. 0.1 > p > .05, or vice

versa).

6.1.1 f Side and order bias
Because face presentation side was randomised, children differed
with respéct to the number of faces that they saw on the left- and
right-hand side, or voices. that they heard first or second. As
discussed in Chapte( 4, raters may demonstrate a left-hand visual
“selection bias (Nicholls et al. 1999; Klimkeit et al. 2003), and may
show a recency bias in aural stimuli (Steiner & Rain 1989;
Costabile & Klein 2005). This was of concern to the presént
- sample because some groups of children were presented with the
stimuli in classroom sessions, and since stimuli were randomised
for presentation side there may have been an inadvertent bias in
presenting one manipulation to the right or left (for faces), or first or
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second (for voiCes),_ possibly leading to sy}stematic bias in the
results relative to those groups of children. The analyses below
have also been carried out with a between-subjects covariate to
,repres‘entl this. In analysés between Year 1 and Year 2, this
covariate constitutes the number of times thét the more éverage,
symmetric or feminine face, or lower-pitched voices, was
‘ presentéd on the left in Year 1 subtracted from the number of
times that it was presented on the left in Year 2, for the appropriate
face category (i.e. for all faces overall if the analysis includes all

faces; for male facial average manipulations alone if the analysis |
“includes only male facial .'averageness' manipulations; - etc). In
analyses of just Year 1 or just Year 2 data, this cpnsti'tutes the
number of times that the-more‘ average, symmetric or feminine
face, or Iower-pitched voice, was presented on the left. If _Voices
are involved rather than faces, first and second are used rather
than left and right. Since the inclusion of this covariate gavé rise to .
qualitatively identical results, the results below are reported without

 this covariate for simplicity.
Items are referred to as follows.
' adult-like judgment:

higher ratings of fem}ininity, aVerageness, and symmetry in
faces, and of low pitch in male voices and high pitch in
female voices ' ‘

agé (covariate):

<age of rater in months. A_ge at Year 1 is used for analysis of
Year 1 data and all data together; age at Year 2 is used for
analysis of Year 2 data |
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FACESEX (factor):
whether the stimulus rated is a male or female face
 MANIP (factor):

whether the face stimulus was manipulated for
| averageness, symmetry or sexual dimorphism

PDS (covariate):
- Pubertal Development Scale score
PUB (factor): _

a three-point scale from the two self-reported measures of
pubertal development (rénge: 0 — 2; boys: one point if his
~ voice had broken and one poin.t if he had underarm hair; '
~girls: one point if menarche had been attained and one point
if she rated herself more or much more developed than her
peers). This is treated as a factor since it is an ordinal
measure '

SEX (factor):
whether the rater is male or female
stimulus type:

there are six facial stimulus ‘types: the male facial
averageness, female facial averageness, male fa‘cial
- symmetry, female facial symmetry, male facial femininity
~and female facial feminin'ity manipulations. The two voice

stimulus types are the pitch manipulations in malle and
female voices

71



TANNER: -

the ‘average of the two scores from ‘the five-point scale
(boys: pubic hair and penile/scrotal development; girls:
-pubic hair and breast development) | |

group — OLDER or YOUNGER (factor):

the younger children rated faces and voices of younger
children, and the older children rated faces and voices of
older children

“Year (factor):

whether data are from Year 1 or Year 2 of the study

‘6.1 2 Results

6.1.2a Stimuli evaluation '

To test whether any stlmulus was unusualiy affected by the
manipulation applied, the average judgment scores from Year 1
were converted to z-scores separately for the male and female
version of each face manipulation and voice pitch, and the -
~ resulting set of z-scores was checked for outliers. The z-scores fell
within a normal distribution (no z-score with an absolute vaIUe >
.1 96), indicating that the manipulations had sumllar perceptual
effects on each stimulus.

Overall, in both Years, averagenéss, symmetry and femininity
were preferred in male and female faces at levels greater than
chance (single-sample t tests: all t > 3.5, p < .001). Children only
rated opposite-sex voices; overall, boys preferred higher pitched
girls’ voices and girls preferred lower-pitched boys' voices. (singie-
sample ttests: all t > 3.8, p <.001).
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6.1.2b Do face judgments change wrth age? Longltudlnal
analysis, British raters

' Preferences for facial averageness, symmetry and femlmmty were
apparent in both the younger and older groups of children, and in
both Year 1 and Year 2 (single-sample t tests: all ¢ > 2.0, p < .05).
A mixed-design ANOVA (within-subjects factors: Year, MANIP,
FACESEX; between-subjects factor: sex) was used to determine
whether face judgments changed with age, between Year 1 and
Year 2. There was no main effect of Year (F1 241 = .56, p = .456),
but a sighif_icént interaction between Year and FACESEX (F1241 =
4,98, p = .027). Separate analysis of ,male and female facial
images (within-subjects factors: Year, MANIP; between-subjects
factor: sex) showed no main effects of or interactions with Year in -
respect of male faces (all p > .2). Indeed, in Year 2, preference for .
male facial averageness and femininity had decreased non-
~ signiﬁcantly (male facial averageness, mean score 3.961 in Year 1
and 3.894 in Year 2; male facial femininvi'ty:. mean score 3.942 in
Year 1 and 3.878 in Year 2; male facial symmetry: mean score
3.703 in" Year 1 and 3.747 in Year 2). There was a significant
increase in adult-like Judgment by Year for female faces (F1243 =
424, p= 041 r=.13).

Next, the difference between Year 1 and Year 2 score was
calculated for each child for each of the six stimuli types.
_ Repeated-measures analysis of those scores with length of time
- between the two testing sessions as a covariate (within-subjects
factors: MANIP, FACESEX; between-subjects factor: sex;
covariate: length of time between the two testing sessions) showed |
a non-significant trend for a greater length of time between
sessions to covary positively with greater increase in adult-like
preference score (F1,z4o =3.00,p= '.085, r=.11).
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_6.1.2 ¢ Do face judgments chanée with age? Cross-
-sectional analysis, British ratérs

If the length of time between testing sessions is inadequate to see
robust judgment changes in respect of rhale faces, then age-
related judgment shift may}only be apparent from these datain a
‘between-subjects analysis. Adcordingly, two separ’ate' mixed-
design ANOVAs were carried out, one on Year 1 ratings and one
~on Year 2 ratings ‘(within-s'ubjec‘ts factors: MANIP, FACESEX;
betwéen-subjects factor: sex; covariate: age). In both analyses,
greater age was associatedw with stronger. adult-like judgments
(Year 1: Fy303 = 32.89, p <.001; Year 2: Fq301 = 23.78, p < .001).
In both analyses, this main effect of age was modified by a (near-)
- significant interact‘ioh between age and FACESEX (Year 1: F1,303 =
'6.04; p= .015; Year 2: F1301 = 10.02, p = .002) and between age,
FACESEX and MANIP (Year 1: Foe08 = 5.56, p = .004; Year 2:
F2608 = 2.78, p = .063). Year 2 judgment scores were additionélly
modified by a significant interaction between age and MANIP
~ (F2606 = 4.15, p =.016). ‘

To understand these interactions, 12 separate analyses (two
Years x three MANIPS x two FACESEXES) on facial judgment
: scorés collapsed across the two sexes (covariate: age) were
carried out. There was an ‘increase in score with age for
averageness in female faces (Year 1: F1;306 =16.60,p < .001; Year
2: Fy304 = 4.61, p = .033), averageness in male faces (Year 1:
Fi.306 = 12.47, p < .001; Year 2: Fq 304 = 34.46, p < .001), femininity -
in female faces (Year 2 only: F1304 = 5.39, p =.021), femininity in
male faces (Year 1: F1304 = 33.61, p<.001; Year 2: Fy 304 = 35.04, p
< .001), and symmetry in male faces (Year 1 only: F'1,305 =533, p
- =,022).
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 Next, _thé cross-sectional analyses were repeated, with the addition
of group as a between-subjects factor (i.e. two analyses, one on
Year 1 and one on Year 2 scores; in each, within-subjects factors: .
~MANIP, FACESEX; between-subjects factors: se’k,‘ group;
covariate: age). There were no main‘effects‘ of, or interactions with,
age (all p > .3). There was a non-significant trend for the older
“group of faces to reveal more adult-like preferences than the
younger (Year 1: Fi301 =3.27, p = .072; Year 2: F{,aoo =3.08,p=
.080). There were also a nuvmb"er of significant interactions with

group (Year 1: group *'sex (F1.301 = 4.14, p = .043), MANIP *
FACESEX * sex * group (Fz,eoz = 560, p .004); Year 2:

FACESEX * sex * group (F1,300 = 8.57, p =.004), group * MANIP *-
sex (Fe00 = 2.84, p = .059) that recommended further analysis.

Post hoc tests contrasted the older and younger group separately
fbr each face stimulus. type, sex and Year, while controlling for -
“age. Significant effects in Year 1 are that girls in the older group
gave higher ratings of femininity to male faces (Fy,142=8.21, p =
.005). In Year 2, there was an effect of borderline sig'niﬁcance for
girls in the younger group to give higher ratings to symmetry in
_ female faces (Fi .15 = 3.40, p = .067).

6.1.2d Is there a confounding effect of face stimulus
'group? Czech raters | .

Further examination of the question Qf whether stimuli in the two
groups are equal as stimulus types was carried out by analysis "of
the ratings of the Czech children, who all rated stimuli from both
younger and older groups. Mixed-design ANOVA (withi‘n-subject's. |
factors: MANIP, FACESEX, group; between subjects factor: sex)
“showed that stimuli from the older group were given significantly
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higher ratings than the younger (F167 = 8.12, p = .006), with no
" significant interactions.

| 6.1.2e Is there a confounding ‘effect of practice? ,

Analysis of Year 2 scores showed that the children who had
carried out the task in the previous year (n = 267) gave
signifi cantly more adult-like judgments than the children who had
not (n = 38) (F1,300 = 4.26, p = .040; mixed-design ANOVA, within-
subjects factors: MANIP, FACESEX; between-subjects factor: sex,

~ participation in Year 1, covariate: age) There were no significant

interactions with the factor partncrpatlon in Year 1 (aII p>.4).

6.1.2f Judgments of voice stimuli by age group
Older girls demonstrated a signiﬁcant'preferertce for low pitch in
boys’ voices (single-sample t-test against chance levels, Year 1:
tzs = 10.81, p <.001; Year 2: tgo = 11.01, p <.001). Younger girls
showed a non-significant preference for boys' voices to be higher-
pitched in Year 1 (tz3= -1.77, p = .081) but lower-pitched in Year 2
"(t77 = .96, p = .341). Younger beys demonstrated a consistent
significant preference for higher-pitched girls' voices (Year 1: g3 =
5.17, p <.001; Year 2: tgz = 4.69, p <.001), while older boys
"demonstrated a consistent non-signiﬁcant preference for higher-
pitched girls’ voices (Year 1: toz= 1.28, p = .206; Year 2: t4g= -.29,
p=.774). |

6.1.2g Do voice judgments change with age? Longitudinal
analysis, Brltlsh raters

A repeated -measures ANOVA (Wlthln -subject factor Year) was
used to determine whether face judgments changed with age,
between Year 1 and Year 2. Male and female voice judgments
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were analysed separately since raters only rated opposite-sex
| voices. Boys’ preference for high pitch decreased over the two
Years with marginal non-significance (F,123 = 3.47, p = .065), while
girls’ preference for low pitch increased significantly over the two
Years (F1, 125-4 64, p = .033).

Next, the difference between Year 1 and Year 2 score was
calculated for each child. There was no relatronsh:p between the
Iength of time between the two testing sessions and the change in
pitch preference (Kendall's tau = -.038, p = .442).

6.1.2h Do voice judgments change with age? Cross-
-sectional analysis, British raters '

Two separate mixed- design ANOVAs were carried out, one on
Year 1 Judgment scores and one on Year 2 judgment scores
(covariate: age). These showed that greater age was associated
- with significantly decreased preference in boys for the higher-
pitched female voices' (Year 1: Fy,475= 7.86, p = .006; Year 2: F1,135
= 4.90, p = .028) and with a significant increase in preference by
girls for the lower-pitched male yoiceé (Year 1: Fq,146 = 58.67, p <
.001; Year 2: Fy.4s6 = 30.38, p < .001).

This analysis of judgment scores from the two groups together
- assumes that stimuli in the two groups are equal as stimulus types
because ratings of the younger stimuli by the younger children are
combined in the same analysis as ratings of the older stimuli by
the older children. To test this, the cross-sectional analyses were
repeated, with the addition of group as a between-subjects factor
(i.e. two analyses, one on Year 1 and one on Year 2 scores; in
each, between-subjects factor: group; covariate; age). The

inclusion of group removed all significant effects of age. Instead,
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there was a trend for older stimuli to be given higher ratings than
. the younger stimuli, although this was signiﬁcaﬁt at conventional
levels only in one analysis (Year 1 girls: F1,14g = 5.76, p = .018;
Year 2 girls: Fq,155 = 2.91, p = .090; Year 1 boys: Fq 174 =2.61,p =

.108; Year 2 boys: F1134 = .67, p = .416).

64210 is there a confounding effect of voice stimulus

- group? Czech raters | '

- Further examination of the question of whether stimuli in the two
groups are equal as stimulus types was carried out by analysis of
the ratings of the Czech children, who all rated stimuli from both
‘younger and older groups. Repeated-rheasures ANOVA on girls’
and boys' ratings separately (within-subjects factors: group)
Showed no significant differences between the ratings of the older
and younger stimuli for either male or female voices (bbth p>.141;
non-significant trend for low pitch to be rated hlgher in older girls’
and younger boys’ voices).

6.1.2j- Is there a confounding effect of practice?

Analysis of Year 2 voice scores showed no significant differences -
in voice scores between the children wh‘ovhad (n=128 boys; 127 |
girls) and had not (n =9 boys, 31 girls) participated in Year 1 (both
p > .6; between-éubjects factor: parficipation in Year 1; covariate:

age).

6.1.2k Does pubertal development predict face judgments?
- British raters, Year 1 '

Mixed model analysis (within subjects factors: MANIP, FACESEX:

between-subjects factors: sex, PUB; covariate: agé) showed a

significant interaction between MANIP, FACESEX, PUB and sex

178



~
~

>
()

>
o
—

w
()

— ‘ chance

w
»

0 1 2
| pubertal development score

femininity preference, male faces (controlling for age)
(&) w
N o
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age) by pubertal development score. Bars: mean
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(F4,5§5 = 2.60,V p = .035). Separate fblioW-up analysis of each face
stimulus type separately for girls and boys (between-subjects
factois: PUB; covariaie: age) showed only one significant effect:
amongst boys, PUB increased as preference for femininity in male
faces decreased (F2,146 = 4.46, p = .013, Figure 9; all others p >
). age remained significant in this analysis (Fy.146 = 8.10, p = |
,005), although if group is also included, only. PUB remains
significant (Fz,143= 3.741, p = .026).” |

If boys and girls are analysed separately instead (mixed model
analysis, within subjects factors: MANIP, FACESEX: between-
subjects factors: PUB; covariates: age) then amongst boys, there |
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is a significant effect of PUB (F2146 = 3.49, p = .033): increased
* pubertal development is associated with decreased adult-like -
. judgments. This result remains qualitatively identical with the
inclusion of group in the model, and does not give rise to
significant interactions with MANIP or FACESEX (both p > ,1)
There are no sugmf icant effects of or interactions wnth PUB in girls |
-(all p> 4)

6.1.21 Does pubertal development predict face judgments?
Brltlsh raters, Year 2

Mixed model analysis (within subjects factors: MANIP, FACESEX
between -subjects factors: sex, PUB; covar|ate age) revealed no -
" main effects of, or interactions with, PUB (all p > .3). The analysis
was also carried eut with PDS (as a covariate) substituted for PUB.
There were no significant main effects of, or interactions with, PDS
(all p > .3). Separationlof boys'and girls gave rise to qualitatively
identical results, with the exception that in girls, increased PDS
score was associated negatively but non-significantly with adult-
like judgments (Fq0s = 3.00, p = .087), an effect that disappeared
with the inclusion of group ir) the model (F104=2.41, p =.124).

6. 1' 2m Does pubertal development predict face judgmehts?
Czech raters

-~ Mixed model analysus (wnthln subjects factors MANIP FACESEX
group; between-subjects factors: sex, TANNER; covariate: age)
~ revealed no main effects of, or interactions with, TANNER (all p >
.1)." Sepekation of boys and girls revealed one additional main
effect; in boys, higher TANNER scores were associated with
increased adult-like preferences (F1.27 = 5.52, p'= .026). |
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" 6.1.2n Does'pubertal development predict voice
judgments? British raters, Year 1

ANOVA of voice ratings for girls and boys separately (between-
subjects factors: PUB; covariate: age) showed a significant
increase in girls’ preference for low pitch in male voiceé with
increased PUB (F2,107 = 3.33,’p = .039, Figure 10); again, age
remains significant in this analysié (F1.107 = 14,795, p < .001),
though the significant effects of age and PUB disappear with the
inclusion of group in the model. '
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6.1.20 Does pubertal development predict voice

‘ judgments? British raters, Year 2

ANOVA of voice ratings for girls and boys separately with either
PUB as a between-subjects factor or PDS as a covariate,
controlling for age, revealed no significant effects of PUB or PDS
@p>.19). o |

6.1.2p Does pubertal development predict voice
judgments? Czech raters B
- ANOVA of voice ratings for girls and boys separatély (covériates:
age, TANNER) showed no main effects of TANNER for girls (p > -
.9). Amongst boys, increased TANNER scores were associated
with increased preference of borderline significance for high pitch
in girls’ voices (F1.25=4.135, p = .053).

6.1.2q Cross-modal preferences

Girls’ preference for male facial femininity was not correlated with
-preference for male low pitch voices either in Year 1 (r=-.057, p =

500, controlling for age) or in Year 2 (r = .054, p = .502, confrolling
~for age). : |

"6.1.2r Sex differences

The initial analysis - (within-subjects factors: Year, MANIP,
FACESEX; between-subjects factor: sex) demonstrated that girls
demonstrated significantly more adult-like preferences than boys
overall (F1,’241'= 35.86, p < .001), but this main effect wéé modified
by a significant interaction betweén MANIP and sex (F24s2 = 5.99,
p = .003). To understand“this further, male and females were
contrasted in separate analyses for each of the three MANIPS
(withir‘i-su‘bjects factor: Year; between-subjects factor: sex). Girls '
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gave higher scores than boys to facial averagenees (F1,243 = 23.47, |
p < .001), femininity (Fy.241 = 29.76, p < .001) and, at borderline
levels, symmetry (F1,242= 3.83, p =.051).

_ This ana|ysis assumes that the differences between boys and girls
are equivalent in the younger and older groups. The analysis was
. rerun with the inclusion of group as a between-subjects factor
(within-subjects factors: | Year, MANIP, FACESEX; between-
subjects factors: sex, group') to investigate this. Again, girls
demonstrated significantly more adult-like preferences than boys
overall (F1,23§ = 31.26, p < .001), and this was again modified by a
éigniﬁcant interaction between MANIP and sex (F2478 = 5.27, p =
.005), plus two new interac':tionshwith group: an interaction of
borderline significance between MANIP, sex and group (F2,478‘=
2.69, p = .069), and a significant interaction between FACESEX, |
_ sex'and group (F1239 = 6.34, p = .012). In light of these significant

inieractions, males and females were contrasted in 12 separate
| mixed-model anélyses (six face stimuli types for the ydunger and
then the older group; within-subjects fabtors: Year; between-
subjects factor: sex). Girls gave higher scores than boys for
~ averageness, femininity and symmetry in male and female faces.
These difference between girls and boys was statistically
significant in respect of femininity in older male faces (F1,99 =
13.97, p < .001), in older female faces (F4,100 = 11.17, p = .001),
and in younger female faces (F1,141 = 9.79, p = .002); and in
respect of averageness both in older male faces (F1100= 8.87, p =
.004) and younger female faces (Fy141 = 7.81, p = ,006)_ The
difference between girls and boys was marginally non-significant in
respect of symmetry in younger female faces (Fy441 = 3.06, p =
.083) and averageness in yeungef male faces (Fy141 = 4.08, p =
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- .045), and non-significant in respect of the remaining contrasts (all
p>.14). o '

6.1.3  Discussion ’ A
The study investigated how cues of mate quality were evaluafed in
faces and voices by peri-puberfal children, during the o'ntological
stage when selection of mates according to their mate quélity is .
becoming biologically adaptive. Raters aged 11 - 16 carried out
forced-choice preference judgments of age-matched male and
female faces that had been manipulated along the dimensions of
symmetry, averageness and sexual dimorphism, and age-matched
opposite-sex voices that had been manipulated for pitéh, a
sexually dimorphic vocal trait. Children were sampled from the
- year group that admitted children around age 11, and from a year

“group two years their senior, for children around 13 years. The
ratihg task was carried oqt twice, at an interval of approximately
. one year. The study investigated effects of biological development,
measured both by age and by pubertal development, on children’s
attractiveness judgments. |

' 6.1.3a Age and face preference ' |

"Both the younger and older groups of children rated the more
average, more symmetric and more feminine male and female
faces as the more attractive. To the author’s knowledge, this is the
first assessment of ratings of these facial parameters by this age
grbup. Adults tend to give higher'ratings of attractiveness to
femininity in female faces, and facial averageness and symmetry
in male and female faces, and all of these characters have been

~ linked to gen}etic‘quality (review in Rhodes 2006). The ﬁnding that

these characteristics are appealing to raters even before mate
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choice and mate competition are relevant (i.e. even in the younger .
group of children aged 11 - 13) adds to the evidence that these
* characteristics have non-sexual, social sighiﬁcance. Physical frait
attractiveness has positive influences on social interactions in
‘childhdqd (Dion 1973; Eagly et al. 1991; Langlois et al. 2000), and
associations have been made between pro-social personality traits
and facial symmetry (Shackelford & Larsen 1997; Fink et al. 2005)
and faciavl femininity (Perrett et al. 1998). An awareness of how
specific traits affect the attractiveness of faces may have social
benefits even before mate choice judgments become relevant.

‘In this study, the children preferred feminine male faces. _Adult
preferences for both masculinised and feminised male faces have
been reported (DeBruine et al. 2006; Rhodes 2006). Masculine
male faces may cue indirect genetic quality (Folstad & Karter
11992), while feminine male faces may indicate positive personality
| traits such as Warmth, honesty and cooperativeness (Perrett et al.
1998), leading to context-dependent preferences for male facial
masculinity or femininity (Penton-Voak et al. 1999a; Little et al.
2001; Little et al. 2002; Penton-Voak et al. 2003). The finding that
pre-reproductive children preferred male facial femininity may be in-
part due to the appeal and social relevance of méle positive
personality traits. In the older girls, a preference for male fécial
femininity could also reflect an age-related reproductiVe strategy.
»Rate'rs ‘who possess higher genetic duality show stronger
preferences for facial masculinity (Little et al. 2001; Penton-Voak
et al. 2003). Even the oldest adolescents in the sample must wait a
number of years before they attain the age at which they are most
desirable as a reproductive partner (Symbns 1995), and as such
 their preference for femininity may reflect a strétegic preference.
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One could speculate that this préference for femininity in male
faces ambng adolescents is also reflected in the pbpular sphere, in .
the characteristic boyish looks of male music bands appealing to
~ younger teenagers. ’ - '

The study presents some evidence for age-related preference
change in respect of faces. Lohgitudinal analysis of Year 1 and
Year 2 preference scores showed that children sampled for their

preferences for averageness, sexual dimorphism and symmetry |
with the same set of faces on two occasions around one yéa'r apart
gave Signiﬁcantly more .adult-like preferences . at the second
sample in relation to female but not male faces. )

It is possibie that the lack of preference change in relation to male
faces is a Type Il error due to the shoft length of time between the
" two testing sessions (i.e. between nine énd 13 months). This was.
tested in two ways. Firstly, the difference between Year 1 and Year
2 preference scores was calculated, and analysed with referénce
to the length of time between the two sessions. There was a non-
significant trend for children whose testing sessions were further
apart to show greater preference increases between the two
sessions. This supports the notion that within this age group, adult-
- like preferences increase with age. However, since different
schools were tested at different times, the possibility remains that
this could be due to sessional effects: for example, academic or
- demographic differences between the pupils, or effects rélating to
the time of day of testing, or the position within the school .t‘erm of |
the testing.
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If the length of time betwe_en testing sessions is inadequate to see
" judgment develbpment in respect of male faces, then age-related
' judgment shifts may only be apparent in a between-subjects,
cross-sectional analysis. Accordlngly, next, analysis of the effects
of age on preference scores was carried out, separately for each
data collection session. ThIS allowed contrast of all of the children
in the sample, ranging in age from 11 to 16. In this analysis, age
effects were clearer. Children’s preferences were significantly
more adult-like with age in relation to averageness in both male
and female faces, and femininity in male faces. There was also
some ‘indication of an age-related increase in preference for
symmetry in male faces and femininity in female faces, but this
was only apparent from the data collected in Year 1 and Year 2
respectively. It is not clear why judgments should increase in
relation to some traits but not others in this way. |

There is, ‘h0wever, reason for caution in the interpretation of these
results, due to the use of the different stimulus sets for the different
raters. To enhance ecdlogical validity and appropriateneés and to
control for possible effects of own-age biases in perception (see
e.g. Anastas_i‘& Rhodes 2005), younger children rated the faces of
yodnger children, and older children rated the faces of older
children. The analysis of age effects assumes that the facial
, manipulatiohs are perceptually equivayent in both younger and
older stimulus sets. Yet the symmetry and sexual dimorphism
rhanipulétidns act upon the degree of symmetry and sexuél
dimorphism of the base face. Sexual dimorphism increases during
adolescence (Enlow 1990), and there is some evidence that bodily
'symmetry increases with age during adolescence (Trivers et al.
1999). This implies that there may be'greater differences between
the symmetric and asymmetric faces in'the younger stimulus set,
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and that there should be greater differences between the
masculine and feminine ‘faces in the older stimulus set. The
aVerageness manipulation acts upbn both the degree of
averageness of the base face, and also the qualities of the group
from which the averageness template was obtaihed, and so
differences in averageness levels between the older and younger
| groups (either age-related or random fluctuations) may give rise to
greater or smaller perceptual differences between the older and
younger groups.

Attempts were made to test this concern statistically by the
inclusion of group in the between-subjects analyses (note that the
effect of group is automatically controlled .in the within-subjects
analyses of preference change between the two Years, because
children rated the same stimuli on both occasions). There was a
non-significant trend for faces from the older group to provoke
more adult-like judgménts, and also evidence that group was
affecting the different stimuli differently. Age effects were no longer
significant in this analysis, but this is potentially because the
effects of age and group cannot be édequately distinguished: both
age and group may act similarly to increase adult-like preference,
particularly as older children did not rate younger stimuli and vice
versa, theréby disallowing separation of the effects of'age and
group (collinearity). Results from separate post—hoc analyses.
controllmg for age were mixed: Year 1 girls in the older group gave
significantly higher ratings to femininity in male faces compared
with girls in the younger group, while in Year 2 girls in the younger _
group gave higher ratings to symmetry in female faces with :

bordefline significance compared with girls in the older group.
" Finally, the Czech children who rated both younger and older‘
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stimuli demonstrated significantly 'more adult—hke preferences in
‘relation to the older stimuli.

In this context, it should also be noted that the face shape of the
older children was used to manipulate both older and younger
-stimuli along the sexual dimorphism dimension because pilot
testing in adults revealed very little perceptuel differe.n'ce between
images which had been masculinised and feminised using
templates created from the younger stimuli (i.e. 11 - 13 years old).
This makes the assumption of something roughly equivalent to a
linear trajectory of sexually dimorphic development between 11 -
13 and 13 - 15 such that the manipulatr'on is not unnatural in the
' younger g'rou'p; this has not been empirically tested, although work
~ indicates that sexual dlmorphlsm manipulations employmg arange
of techniques give rise to similar results (DeBruine et al. 2006).

Itis possible that the finding of increased adult-like judgments in
Year 2 is a mere practice effect, and this concern is supported by
the ﬁnding that ih Year 2, the children who took part in Year 1 gave
| significantly more adult-like judgments than the children who did
-~ not. However, this is not able to explain why the data show a more
robust increase in adult—lrke preference in relation to female but not
male faces yet no srgnrf icant mteractron between a child’s
participation and the sex of the rated face. It is possible that there
~ was some systematic difference between th‘e. children who did and
did not participate in Year 1, and it should be noted that inclusion
of school type (single- or mixed-sex school; see Chapter 7) as a
factor (data not showvn_) removed the significant effect of whether a
child participated in Year 1, sug'gesting that uneven distribution of
Year 1 non-participants between single and mixed-sex schools
rather than practice effects may be responsible for these results.
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Overall, the data present fair evidence that judgments become
~ more adult-like between the ages of 11.and 16 in relation to female
“faces. The evidénce that judgments become more adult-like
between the ages of 11 and 16 in relation to male faces is not
| robust. There was fair evidence for an effect of stimulus type: older -
male and female faces both provoked more adult-like judgments
than younger male and female faces. That is, faces with greater
reproductive relevance are more likely to precipitate adult-like
mating judgments. Female faces remain more neotenous thah
male faces during adolescence (Enlow 1990), and judgments of
‘the attractiveness of male and female faces may thus follow
“different developmental paths The response of the viewer to
female faces may need to change more dramatically durmg
ontogeny, because it can rely less on morphologlcal changes in
the female face to provoke appropnate mate value judgments. In
lthIS regard, it may be noted that at the neurological level, male and
female faces appear to be categorised and processed differently
(Little et al. 2005). |

It seems unlikely that cbgnitive, mbtivatidnal or concentration span.
differences could explain all of the differences between the age
groups. Although older children may be cognitively better equipped
for the task than'younger children, children of all ages were able to’
. carry out the task, aé demonstrated by their directional preferences
for at least some categories of stimuli. Maturation of self-regulatory -
skills and judgment continue to change well beyond the teenage
yéars (Dorn et al. 2006), and extension of this sfudy to older age
groups may be warranted. Indeed, the present data were unable to
replicate the existing ﬁnding that adults’ preferences for masculine
faces correlate with their preference for low-pitched voices
(Feinberg et al. 2008), 'suggesting that a further period of
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-maturation is required before the children in the sample have fully-
~ developed mating judgments.

6.1.3b Age and voice preference

Overall, girls preferred the IoWer-pitched male voices, and boys
preferred the higher-pitched female voices. This reflects the
preferences documented in adults: as reviewed in Chapter 1, low
: pi_tch tends to be preferred in male voices, and high pitch in female

voices.

As the girls aged, they preferred IOwer—pitched male voices more.
Indeed, a shift‘from a predominant preference for higher- to lower-
pitéhed male voices in girls occurred in the data around the ages
of 12 — 13. This finding is consistent with previous work that found
a (non-significant) preference for high pitch in male voices
amongst girls _aged 7 — 10, but a (significant) preference for low
- pitch in male voices amongst girls aged 12 — 15 (Saxton et al.
2006). In the current study, evidence for this preference shift was
appa"rent both from a longitudinal analysis, from comparison of
pitch preferences in Year 1 and Year 2, and also'from separate .
croés-sectional analyses of Year 1 and of Year 2 data. Inclusion of
group (i.e. whether children rated older or younger voices) as a
between-subjects factor in the cross-sectional analysis removed
the significant effect of increased age, but again, this may be due
to collinearity between age and the rating of the older stimulus set.
The only significant difference in group was evident from girls’
ratings in Year 1, where the older girls (who rated older voices)
’gavé higher scores than the younger girls (who rated younger
voices), controlling for ‘age. Certainly, the Czech children who
rated both stimulus sets did not give significantly different scores to
" the two sets. There was no evidence that increases in adult-like
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judgments were a ‘practice’ effect: the children who took part. in
~ both years did not produce significantly more adult-like judg'ments
than the children who took part only in Year 2. Together, these
- results suggest that differences in pitch preferences with age result
from changes in the perceptions of the rater more than being an
effect of the stimulus set resulting from age-related changes in the
attributes of the voices rated.

While acoustrc differences in male and female voice pitch rnay
begin from around 11 years of age (Lee et al. 1999) when male
and female vocal tracts become anatcmically distinct (Fitch & Jay
1999), boys’ voices break at an age of around 13 to 14 years
- (Hollien & Malcik 1967; Tosi et al. 1976; Lee et al. 1999). Girls’
preference for lower pitch therefore emerged around the time that
some of their male peers’ voices had dropped in pitch, mdncatmg a
role of exposure on preference Judgments

In the present‘study, the boys’ preferences for higher pitch in
female voices decreased with age, and while the younger group of |
boys preferred higher-pitched female voices, the older group did
not show any significant directional preference. This contrasts with
the established finding that higher-pitched adult female voices are
.' rated more attractive (Collins & Missing 2003; Feinberg et al.
2005a). The pattern seen in boys’ preferences_ may arise from their
~experiences with female voices. Girls’ voices lower in pitch during
childhooc (Lee et al. 1999) and it is possible that the boys were
using the lower pitches as a signal that the speaker was of older
age and hence closer to sexual maturity. Further research could
investigate whether additional experience is required before males
show the adult-like preference for higher-pitched female voices, or |
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whether such preference only emerges as other vocal cues such
as size cues begin to indicate that the female is of sexual maturity.

6.1.3 ¢ Effects of puberty .
- Prior to the survey of Year 1, a set of questions to measure
“pubertal development was developed in consultation with the
schools recru:ted Boys were asked whether they had underarm
hair and whether their voice had broken, and girls were asked to
" indicate whether they had undergone menarche, and to rate their
developrhent in relation to their peers on a 4-poiht scale: ‘much
more developed’, ‘more developed’, ‘less developed’, ‘much less
developed'. All of these rhea_sures “bear upon pubertal
development. Adolescent voice change and the growth of
underarm hair in boys 'correlate with increasing levels df particular
male hormones, including testosterone (Lee &.Migeon 1975).
Although menarche in girls not does necessarily correspond to
reproductive potential, and often occurs without owvulation in
adolescents (Apter 1980; Apter & Vihko 1983; Ibanez et al. 1999),
it is a robust a'nd_ key indicator of biological development, ‘ar.\d
corresponds significantly with height, trained raters’ evaluations of -
»_physmal development and presence of other physical markers
such as underarm hair and ‘an adult female figure (Snmmons et al.
B 1979). Overall physical development can also provide information
- on pdbertal status, since the order and duration of some of the
~ various physical changes (breast development, appearance of
pubic hair, etc) differ between mdlwduals (Marshall & Tanner 1969,
1970). ‘

In the Year 2 survey,.these questions were repeated, .and the
questionnaire was also expanded to include the Pubertal
- Development Scale. Followmg a change in management, one
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school restncted the quesﬂons on pubertal development aIlowed in
* Year 2. Year 1 and Year 2 data were analysed separately because
the trajectory of pubertal development can vary (Hopwood et al.
1990) and so it would be inappropriate to assess the trajectory of
face judgment change between Year 1 and Year 2 with reference
to a static measure of pubertal development made at either Year 1 |
~orYear 2. |

Data on pﬁbertal deve!opfnent were all self-reported. To maintain'
privacy and encourage truthfulness, children answered questions
at an individual computer, or on an individual paper-based
quéstionnairé. They were told that answers would be held
conﬁdehtially and an'onyrhously, and that they should leave blank
any' questions they did not want to answer. Despite these
precautions, it is of course possible that some children were
unable or unwilling to give accUrate answers. Nevertheless, some'
' signiﬁcaht effects of pubertal development were found.

Data on vbcal preferences were analysed separately for boys and

girls because children only rated opposite-sex voices. Data on
facial preferencés were analysed firstly with respect to all children
together. This analysis was chosen to maximise the ability of the
analysis to detect a sex-general effect of pubertal development
irrespective of rater sex. Next, data on facual preferences were
analysed separately in respect of boys and glrls This analysis was
chosen to mirror the analysis of vocal preferences, concedes to
the fact that the measures of pUbertaI development were different
between the two sexes, and maximises the ability of' the énalysis
to detect a sex-specific effect of pubertal developmént.

Amongst the British boys in Year 1, there was some evidence that
- greater pubertal development was associated somewhat with less
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ad.ul't-like facial judgments. This link was statistically significant and
robust to the inclusion of group in the model. There was evidence
both that this association between pubertal development and less
developed .adult-like judgments was apparent in relation to boys’
judgments of all faces, and also that it was specific to boys’
judgments of femininity in male faces. In Year 2, there was a non-
significant, non-robust trend for increased development amongst
girls as measured by the Pubertal Development Scale to be
associated with less adult-like facial judgments. -In contrast,
amongst the Czech boys, increased pubertal development as
measured by Tanner stages was associated with more adult-like
facial and vocal judgments. Further, British girls’ increased
: pubertél development was associated with more adult-like vocal
judgments in Year 1, although this effect is not robust to the
inclusion of group in the'quel.

. These results are surprising since it was predicted that adult-like
judgments should increase with pubertal development. Instead, the
data reveal a mixed pattern, where pubertal development is
sometimes associated with more adult-like judgments, sometimes
with less adult-like judgments, and is sometimes without any
association.. Several explanations present themselves, although
none is wholly satisfactory. o |

It is possible that pubertal development interacts with cultural or
’ sex-speciﬁc expectations to lead to behavioural ﬂuctuations. That
is, amongst some groups of children such as the British boys,
greater pubertal development could be associated with less
attention to the task and consequent findings of lesser adult-like
preferences. Early and late puberty in boys has been associated
with increased non-normative  behaviour during adolescence
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(Williams & Dunlop 1999). However, levels of non-normative
behaviour are dependeni upon social and peer-group context
(Rowe et al. 2004), which could in turn lead to the findings of
different directions in the relationships between pubertal
' de\)elopment and preference, and differences between the British
and Czech children. |

The veriqus measures of puberty were capturing different aspects
of development, and conflating measures of adrenarche,
gonadarche, growth change, and the child's awareness of tnese
changes. Each individual measurement could have an
~ independent relationship with preference changes, and even vary
. in its relationship according to pubertal stage. thus leading to a
relationship between development and preference in Year 1 but
not Year 2, or conflicting relationships within Year. In Year 1, the
positive - correlation between boys' pubertal development (as‘
measured by voice change and axillary hair) and their lower
preference for femininity in boys’ faces could reeult from their
. recent experience with their own developing faces, or indeed from
- enhanced attention to others at a similar developmental stage:
serum testosterone levels increase with the onset of underarm hair
growth (Lee & Migeon 1975), and there is evidence for a
relationship between testesterbne llevels and male facial
masculinity (Penton-Voak & Chen 2004; but see e.g. Swaddle &
Reierson 2002). We did not collect data on menstrual cycie phase
and so were not able to examine the known effects of cycle phase
dn preference (eee Chapter 5) in this age group, although due to
the high frequency of anovulatory cycles in the early
postmenarcheal phase (Apter 1980; Apter & Vihko 1983 Ibanez et
al. 1999) we would not necessanly expect to see a similar pattern
as in adult women.
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Preference differences rhay reﬂect an individual tactic or trade-off.
Early pubertal development may reflect a reproductive strategy
that is predicted to correspond to precocious sexuality, unstable
pair bonds, and limited investment in child rearing (Belsky et al.
1991).' Early puberty reported retrospectively has been associated
“with greater preferences in_adulthood for opposite-sex facial
sexual dimorphism (Cornwell et al. 2006); This association was not
. replicated in the present study, suggesting that the link between
puberty and preference is moderated by a degree of complexity.
The mixture in directions of puberty‘ and preferences could arise if
such tactics or trade-offs are undergoing development in the
present sample.

In sum, although there was some evidence for a relationship
“between preference change and individual differenees in pubertal
" development, the inconsistency of these findings suggest that the
effect is not robust, or that the measures and tests used are not
sufficiently sophist_icated or well-targeted. This mixed picture is
somewhat in line with existing literature: individual differences in
pubertal development have been linked to individual differences in
sexual activity (Udry et al. 1985; va‘iry & Billy 1987; Udry 1988,
1990; Halpern et al. 1993) but not dating behaviour (Dornbusch et’
al. 1981_)’, and to facial preferences (Cornwellet al. 2006) but not
waist-to-hip ratio prefere'nces (Connolly et al. 2004). Ultimately,
development of mating judgments and mating behaviour can be
. described by nothing less than an extremely complex .interaction
| between individual differences in physical development, hormonai
measures, and cultural and social controls (Udry & B|Ily 1987 Udry
1988; Halpern et al. 1993).
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6.1.3d Sex differences _
Girls' face preference judgments were more adult-like than boys'.
In general terms, girls tend to mature earlier than boys, to be more
alert to socially relevant cues (Eagly & Wood 1985 Eagly 1987),
"and to have an advantage over boys in attention to facial cue
judgments (McClure 2000). Accordingly, girls may be more
practised in judging physical attractiveness. In addition, this could
reflect greater choosiness by the girls. Good reproductive choice is
“more important for females than males because the cost of making
a bad partner choice is much greater for females (Trivers 1972);
females tend to be the choosier sex in judging partners
| (Andersson' 1994) and this psychological sexual dimorphism may
have driven some of the sexual differences noted in this peri-
pubertal sample. It appears-unlikely that differences in cognitive
ability, motivation, and concentration spa»n can explain all of the
differences between the sex groups. It is possible that the
difference between girls and boys is due to girls’ greater motivation
for the task, but if this is the case, this motivation to assess faces
and voices may be the proximaté mechanism that expresses the
adaptive' requirément for greater care by females than males in
~ their choice of mates.

The study presents perhaps the first evidence that facial
symmetry, averageness, ' femininity and vocal pitch have
systematic influences on children’s judgments, and that children’s
: j‘udgments of these parameters develop with age during the period
at which mate choice judgments are becoming relevant. The
results suggest that experience and expos‘ur‘e, énd individual
pubertal development, have measurable effects on the formation
of face and voice pitch preferences during adolescence. Chapter 7
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goes on to examine other external influences on these children’s
preferences.
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Chapter B A | Effects .bf

experience

Chapter 6 showed how individual differences in age and in
pubertal develbprhent may give rise to systematic differences in
the judgments of facial and vocal attractiveness. Yet individual |
differences at puberty are not restricted to those of biological
development. Individuals also differ in terms of their experiences,
and these may result in differences of judgment. The study
described - in this chapter investigated how differences in
experience during adolescence of same-age faces of the same
and opposife sex 'may impact upon preferences. -

As reviewed in Chapter 6, the visual and auditory systems are
responsive to experience, leading to familiarity preferences
(Zajonc 1968).' Face-based familiarity prefereﬁces have been

previously demonstrated in children (Cooper et al. 20086, outlined |
in Chapter 6). Similarly, adults with greater Ie‘vels, of experience of
children’s faces demonstrate processing advantages in judgments
of children’s faces, and this advantage increases with the extent of
their experience with children (de Heering & Rossion. 2008).
Chapter 6 also provided some evidence that exposure effects may
not be merely visual, but may also extend to ratings of voice pitch.
Exposure effects seem to be sex-specific: eXposure to a certain
type of male face will affect judgments of other male but not other
fem'ale faces (Little et al. 2005). In light of all this, the present study
investigated whether different levels of exposure to same-sex and
opposite-sex peers, as experienced by children at single-sex
compared to mixed-sex schools, or by children with different
numbers of brothers and sisters, could impact upon preference
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~ judgments and the dévelopment of preference judgménts. The -
hypothesis was that decreased levels of exposure to opposite-sex
peers could hinder the development .of adult-like judgments, and |
that this hindrance could be.offset byvthe presence of opposite-sex '
siblings. |

7.1 Experiment?: Schools and siblings

741 Methods |
Methods are as described in Chapter 6. Sample numbers are set
out in Table 4.

‘ As part of the demographic questionnaire, children were asked
(Year 1) to state the number of boys or girls (aged 18 or under)
who lived in the same household. Children were not asked to‘
distinguish between full siblings and other children such as
eousins, step siblings or adopted siblings who might live with them.
This allowed children to keep private any personal family
information; further, differences in relationship were not essential
.to the hypotheSes. For simptiéity, all reported co-habitees are
referred to as ‘brothers’ and ‘sisters’ in the analysis below.

As explained in Chapter 6 (‘Scale usage’), preference scores may
be confounded if one group of children uSes more of the scale than
Vanother group. -Analysis of the standard deviation of voice
judgments revealed a number of main effects of or interactions
with school type The results reported below are quahtatuvely
identical with the inclusion of the standard deviation of voice
" judgments as a covariate, and so for simplicity, this covariate is not
' included in the analysis reported.
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younger children older children
single-sex  mixed-sex  single-sex  mixed-sex

boys girls boys girls 'bo‘ys girls boys girls

Year1 | 45 43 39 31 45 38 32 35
Year2 | 46 42 49 37 12 58 46 35
BothYears | 43 40 34 26 12 33 28 29

Table 4. Sample sizes by rater school type, sex,
and age group ‘

7.1.2 Results

~7.1.2a School type and face preference

Preference scores were divided depending on whether they
related to same- or opposite-sex judgments (i.e. collapsing
together boys’ ratings of boys’ faces with girls’ ratings of girls’
faces, and boys' ratings of girls’ faces with girls’ ratings of boys’
faces). School type did not have a main effect on face preference
. (Fiz2s = .81, p = .371; mixed model ANOVA; within-subjects
factors: year, MANIP, same- or opposite-sex judgments; between-
subjects factors:’ sex, school type; covariate: age; results are
qualitatively identical with the inelueion of group in the model).
| There were a number of significant interactions with school type.
~ The 'highest-order signiﬁcant interactions were between year,
same- or opposite-sex judgments school type and sex (F1 238 =
- 9.03, p =.003) which were followed up W|th separate school type
contrasts for boys’ and girls’ facial stimuli judgments in Year 1 and
Year 2, controlling for age and group (Table 5). Results are
qualitatively identical with the exclusion of group, except that
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male raters , female raters

Year1 Year 2 Year 1 Year 2
avg m|Fiise=142 F140=430 Fyy=4.41 Fy455=2.25
: p=.236 | p=.040:MS p=.038:88 p=.135

f 1Fus6=135 Fi0=.17 F1142 = .01 F1,158 = .39
p=.247 p =.680 p=.944 p=.534

fem m|Fi156=.55 Fy0= 2.31 F1,140 = 5.81 Fq156 = 2.15
- 1 p=.461 L p=.43 p=.017:8S p=.145

f |Fiiss=.10  Fi000=797  Fy12=173  Fy5=3.43
p=.748 - p=.005:SS p=.191 p=.066:SS

sym m F1,155 =1.30 F1,139 = 2.08 F1.141 =.02 F1‘156 =.15
|p=.256 = p=.152 p=.881 p=.704

. ‘ f | F1.156 =1.12 F1'139 =107 F1,14z =497 F1,15s =1.33
p=.292 p=.302 - p=.027:MS p=.250

Table 5. School-type contrasts. Significant or
borderline-significant results (p < .07) are indicated
in bold, followed by the school type (SS: single sex;
MS: mixed sex) where higher scores were given to
stimuli manipulated for averageness  (avg),
femininity (fem) and symmetry (sym) in male (m)
and female (f) faces

- single-sex gnrls give higher 1udgments to averageness in male and
female faces in Year 2 with borderhne significance (p = .059 and p
=.058 respectlvely)

There was also a significant interaction bétween MANIP and
school type (F2476 = 8.43, p < .001). ‘This was followed up with
contra'sts of school type for all three manipulations (mixed-design
ANOVA; within-subjects factors: year, FACESEX: between-
subjects factors: school type'; covariate: age) which shdwed that
children at mixed-sex schools gave higher ratings of facial
symmetry with borderline significance (F1,24.1‘ = 3.13, p = .078)
whereas children at single-éex schools gave significantly higher
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ratings of facial femininity (F1,240=14.32, p <.001). School type did
not have a significant effect on ratings of facual averageness (F1 242

= 1.25, p = .266). Results are quailtatively identical with the
inclusion of group as a factor. '

The longitudinal data also allowed for inveétigation of any
~ trajectory effects of school type. The difference between YEAR 1 )
and YEAR 2 score was calculated for each child and divided
depending on whether they related to- same- orl opposite-sex
judgments (i.e. collapsing together boys’ ratings of boys’ faces with
girls' ratings of girls' faces, and boys' ratings of girls’ faces with
giris ratings of boys faces). Mixed-model analysis of those scores
(within-subjects factors: MANIP, same- or opposnte-sex judgments;

- between-subjects factors: sex, school type; covariate: age)
- showed avsigniﬁcant interaction between same- or opposite-sex
judgmenfs and sex (F12:8=5.38, p = .021) which was modified by
a significant three-way interaction be_tween same- or opposite-sex
judgments, sex and school type (Fi,233 = 9.03, p = .003). As there :
was no evidence for main effects of same- or opposite-sexﬁ
judgments, but an interaction between same- or opposite-sex
judgments and sex, this was followed up with separate analysis of
the effects of FACESEX separetely for boys and girls, contrasting
school type. Girls’ judgments of female faces became non-
sngnifcantly more adult-like between the two testing sessions at
single-sex compared with mixed-sex schools (Fi1,5 = 3.16, p =
.078); at single-sex schools, girls' scores were non-significantly
lower in Year 1 (mean score given to female‘ faces, controlling for
age; girls at sin_gle-sex schools: 3.884, girls at mixed-sex schools:
3.908) and non-significantly higher in Year 2 (mean score given to
 female faces, controlling for age; girls at single-sex schools: 3.995,
girls at mixed-sex schools: 3.899). Boys' judgments of male faces
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became significantly more’ adult-ike between the two testing
sessions at mixed-sex compared with single -sex schools (F1 114 =
5.89, p = .017); at mixed-sex schools, boys' scores were non-
significantly higher in Year 1 (mean score gi\)en to male faces,
‘controlling for age, boys at single-sex schools: 3.748, boys at
mixed-sex schools: 3.810) and significantly higher in Year 2 (meah
score given to male faces, controlling for age; boys at single-sex
schools: 3.623, boys at mixed-sex schools: 3.813). There was no
effect of sehool; on judgments of female faces by boys or on
" judgments of male faces by girls (both p>.17). |

7.1.2 b School type and voice preference _

School type had no significant main effects on or lnteracnons with
voice preference (within-subjects factor: year; between- subjects
-factors school type, group; covariate: age) but an interaction of
~ borderline significance between school type and group in the girls”
scores (Fi121 = 2.91, p = .091). Separate analysis of the two
, groups'showed that amongst the older girls, those at single-sex
schools showed stronger preferences for low-pitched male voices
than those at mixed-sex schools (Fyss = 4.73, p = .034). Analysis
of Year 1 and Year 2 data separately rephcated thlS fndmg in Year
1 only (F, 1 =7.00,p=.010). :

The longitudinal - data also allowed for investigation of' any
trajectory effects of school type. The difference between YEAR 1
and YEAR 2 vocal preference score was calculated for each child.
ANOVA of those scores for boys and girls separately (betweeh-
subjects factors: school, g'roup; covariate: ége) showed no
significant effects of or interactiens with school type on preference
change (all p> A19).
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7.1.2¢c  Child co-habitees and face preference

A mixed-design ANOVA (within-subjects factors: year, MANIP,

FACESEX: between-subjects factors: sex, school type; covariates:

. ‘age, brothers, sisters) showed a significant interaction between

FACESEX and brothers (Fy227 = 5.24, p = .023): the presence of
brothers tended to haVe a'negative influence on ratings of female
faces, and a positive influence on ratings of male faces. However,

this was modified by a significant four-way interaction between

_year, MANIP, FACESEX and brothers (Fiss = 3.71, p = .025).

Separate post-hoc analysis of each facial stimulus type for each

year while control|ihg for age showed a negative - association

| betweeh brothers and Year 1 preferences for averageness in male

faces (F1.294 = 3.29, p = .071) and Year 2 preferences for femininity

in female faces (F1,2s5=6.38, p = .012). The factor"group’ was not

o ‘inclUded in the analyses reported since there should not have

been systematic relationships between the presence of siblings
and a rater's group; in support of this, results are qualitatively
identical with the inclusion of ‘group’ in the models.

“A  mixed-design ANOVA '(within-subjects factors: MANIP,
FACESEX; betweén-subjects factors: sex, school type; covariates:
age, brothers, sisters) on the set of scores . representing the
. difference between Year 1 and Year 2 scores again showed a
significant interaction between MANIP, FACESEX and brothers
(F24s54 = 3.70, p = .026). Post-hoc analyses revealed a positive

association between brothers and the trajectory of judgments of -

male facial averageness (Fi 234 = 4.01, p = .046). Again, results are
qualitatively identical with the inclusion of ‘group’ in the models.
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7.1.2d  Child co-habitees and voice preference’
'A mixed-design ANOVA for boys and giﬂs separately (within-
subjects factor: year; between-subjects factor: lschool type;
covariates: age, brothers, sisters) showed non-significant trends
for brothers to covary positively with preference for higher pitch.
This trend was of borderline significance if boys’ and girls”
preferences were analysed together (Fq 243 = 3.63, p = .058). There
‘were no effects of brothers or sisters on the difference between
preference score in Year 1 and Year 2 (all p > .3).

713 Discussion

Chlldren aged 11 - 16 carried out forced-choice preference
judgments of age-matched male and female faces that had been
manipulated along the dimensions of symmetry, averageness and
sexual dimorphism, and age- -matched opposite-sex voices that had
been manlpulated for pitch, a sexually dlmorphlc vocal trait. ‘
Children were sampled from the year group that admitted children
around age 11 and from a year group two years their seniof, for
children around 13 years. The rating task was carried out twice, at
an interval of approximately one year. Raters were recruited from a
set of single-éex and mixed-sex private schools chérging similar
levels of annual school fees (i.e. between around £8 000 and £10
~000) with the aim of reducing variance in responses attributable to |
; socioeconomic background or other social factors (Cornwell et al.
'2006; Swami & Tovée 2007) and thereby allowing comparison of
mixed- and single-sex schools. The study investigated whether
decreased levels of exposure to opposite-sgx peeks by attendance
at single-sex schools could reduce the ability to detect cues of
mate Value in opposite-séx faces, and whether this hindrance
could be offset by the presence of opposite-sex siblihgs.
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7 1. 3 a School type and face preference
There was no clear evidence to support the hypothesus that
absence of opposite-sex peers at single-sex schools affected
judgments of opposite-sex faces in a consistent fas‘hion Instead,
school type had varying effects on judgments, dependent upon the
sex of the rater and the type of face being rated The clearest
~_effect of school type on facial preference was in relation to facial
femininity. . Pupils at single-sex schools rated facial femininity
significantly higher than pupils at mixed-sex schools. This was
' apparent from a variety of analyses, and was particularly evident in
relation to girls’ judgments, and in relation to female faces. Boys at
“mixed-sex schools and girls at single-sex schools demonstrated
more adult-like judgments in respect of male facial averageness
thah boys at éingle-sex sehools and girls at mixed-sex schools.
Girls at mixed-sex schools demonstrated significantly stronger
preferences for male facial symmetry than girls at single-sex
schools, and children at mixed-sex schools gave higher ratings of
facial symmetry with borderline signiﬂcance. Girls’ judgments of
- female faces became signiﬁcantly mere adult-like over the two
year sampling period at single-sex compared with mixed-sex
schools: at single-sex schools, girls’ scores started non-
significantly lower in Year 1, and ended non-significantly higher in
Year 2. Boys' judgments of male faces became non-significantly
‘more adult-like at mixed-sex compared with single-sex schools
over the two year sampling period: boys' scores at mixed-sex
schools started off non-significantly higher and ended signiﬂcantiy
higher than boys' scores at single-sex schools.

Suggestions for reasons for these patterns can only be
speculative. It may be tempting to suggest that girls at single-sex
schools would be exposed to a larger proportion of female faces,
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and thereby would be more familiar with, and potentially give
"higher ratings to, feminine faces; yet other published work
suggesté that there should be no transfer between experience of
+ female faces to ratings of male faces and vice versa (Little et al.
| 2005). Further, this advantage in rating same-sex faces is not
found consistently in the other typés of maniptjlation. There is
perhaps a‘ slight and inconsistent trend for girls at single-sex
schools to have an advantage over girls at mixed-sex schools in |
judging cues of genetic quality, and for boys at mixed-sex schools
to have an advantage over boys at sinéle-sex schools. If thisisa
fair reflection of the situation, then it mirrors research sUggesting
that at both academic and social levels, girls may profit from
single-sex schooling While boys may do better in mixed-sex
classes (Jimenez & Lockheed 1989; Burgess 1990; Haag 1998;
Jackson 2002), and these differences could thus'feﬂect more
general differences in concehtration or attention to the rating task.

- 7.1.3 b Child co-habitees and face preference

The présence of brothers was associated negatively with Year 1
preferenbe for averageness in male faces, and pos'itively with the
difference between Year 1 and Year 2 scores of averageness in
male faces. This effect is difficult to explain. The presehce of
brbthers was associated negatively with Year 2 preference for
‘f.e‘mininity' in female faces. Again, although it is tempting to suggest
that raters with brothers may have been more familiar with and -
| hence rated more highly the more: masculine girls’ faCes, previous
work éuggests that judgrhents of male and female faces dd not
communicate in this way (Little et al. 2005). There were no effects
of sisters on facial judgments. Girls’ faces remain more neotenous
during deveiopment cdmpéred with boys’ faces (Enlow 1990;
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Enlow & Hans 1996), and so the chahges that raters'would see in
- same-age female faces may be less salient.

7.1.3 ¢ School type, child co-habitees and voice preference
Girls at single-sex schools showed 'stronge'r‘ preferences for low-
pitched yoices than girls at mixed sex schools, a difference that
‘was paﬁicularly evident amongst the 'o|der girls. Further, there was
a non-significant trend for the presence of brothers to covary
positively with preference for higher pitch in both boys and girls..
Together, these findings suggest that girls who have little
experience of hearing younger boys’ voices may base their
perceptions of vocal attractiveness on older men (e.g. teachers or
relatives) with lower-pitched voices. | |

In sum, although significant effects of school type and siblings o
were detected, the effects were not in line with predictiohs. '
Namely, children at mixed-sex schools were not clearly better at
selecting those cues found attractive by adults to be more
attractive compared with children at single-sex schools; and there
was no moderating effect of opposite-sex siblings on the effects of -
school type. The pattern of results is not even wholly internally -
~ consistent between Year 1 and Year 2, suggesting that the
relationship between experience and preference cannot be as
robust and straightforward as predicted. In particular, there may be
other differences between the pupils at the single-sex and mixed-
"sex schools that could influence their ratings, including cultural or |
environmental differences, some of which were reviewed in
Chapter 1. |
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- Long-term variation: general dfscussion

Section 3 set out to look at facultative changes over the long term.
Chapters 6 and 7 examined how adolescence and puberty, and
individual differences in experience around that time,‘could impact
upon judgments of cues of mate quality 'found in the face and
voice. It found good evidence that adolescents’ judgments of facial -
attractiveness develop during adolescence ivr'\ relation to female
- faces, and a little evidence that judgments may change similarly in
relation to male faces. However, even the youngest groups of |
.children, 'aged 11 — 13, demonstrated preferences for the more
symmetric, more feminine and more average faces, implying that
these supposed cues of genetic quality are also relevant to non-
sexual contexts. The results also showed that girls’ preferences for
low pitched male voices increased with ege, and that boys’
preferences.for high pitched female voices decreased with age.
This contrasts With the demonstrated adult preference for high
pitched female voices, and recommends further study on how
attractiveness judgmentsv continue to chahge into adulthdod. A
complex pattern of associations between pubertal development
and preference was detected, sUggesting lthat further work is
required to unravel the links between pUberty and attractiveness
judgments. Chapter 7 found some modulatory effects of school
‘type and the presence of brothers on attractiveness judgments,
“provoking . the question of whether such school type or siblings
~ effects on attractiveness‘judgments persist even longer term, into
adulthood. '

211



Chapt‘er_'8: Concluding remarks

- The foregoing data chapters have presented studies that
-considered individual variation in human mate choice across three
dlfferent time scales. The expenmental findings were discussed at
the end_ of each Chapter, and general implications of the topic
were outlined in the discussion at the end of each Section. In this
chaptér, the results will be considered with reference to the initial
premise set out in Chapter 1: that a general biological principle
allowing for functional, facultative adjustment of human mate
choice decisions might give rise to adaptive variation across short-,
medium- and Iong-term time scales. This premlse demanded that
the research hypotheses the experimental design, and the
interpretation  of the results, . glve_ consideration to blologlqal :
~ function. Let us see how this played out in the data chaptérs, and
how it reflects upon the initial premise.

Attracti\}eness jhdgment changes that take place across the short- -
term time scale were considered in Section 1 with reference to a
chemical, androstadienohe, that was foun‘d. to influence w‘omen’s'
judgments of men's attractiveness. As discussed in Ch'épterv1, the
investigation of adjustment of mating behaviours over the short |
term, as a reaction to sensory modulators, is not noVeI, although
the olfactory channel presehtsfascinating possibilities: it alloWs_ for
- the transmission of information which is potentially moré directand
less filtered than channels such as vision, leading some to argue
even that it may form the basis of the development of attraction
~ judgments in the other senses (Kohl et al. 2001). The decision to
 test androstadienone for its effect on judgments of attractiveness _
was made on the basis of several strands of evidence that it

212



- performs some sort of sexual role: namely, research has found
possibly sexually-dimorphic productioh rates beginning in puberty
(see Gower & Ruparelia 1993 for an overview), sexually dimorphic
and sex-orientation-specific responses (Savic ét al. '200'1‘; Savic et
~ al. 2005; Boulkroune et al. 2007), production in the axilla where
hair might assist in communicative dissemination of odours (Cohn
1994), and chemical similarity to sexual signals ih other species
(Sigriofgat & du Mesnil du Buisson 1961). The assumption that
modulation of attractiveness judgments is biologically relevant also
~gave rise to the recommendations for future work discussed at the
ehd of Section 1, namély, that research should focus on whether .
androstadienone production corresponds to other aspects of men's

mate quahty

The menstrual cycle was taken up as the progenitor of changes in
mate choice behaviour over the medium term in Section 2. Thé
theoretical position that an individual's attractiveness should be
roughly equivalent in any modality motivated both experiments in
Chapter 4. In the seCond study, women were rated more attractive
at high-feriility, although the réters who had the most information
about a woman’s appearance were not better able to pick out the
high-fertility recording as more attractive than the raters who had
less information. As discussed at the end of Section 2, this could
provide an insight into the functlonal benefi c1ary of these
attractiveness changes whether they constltute sugnals cues, or
coercion (Scott-P_hIII_lps 2008). Chapter 5 showed that masculinity
‘and seIf—fesembiance éffected women's att;activeness judgments,
and that these factors were influenced by relationship context.
h Again’ the division of relationship types into the shortétérm and
long-term reflects a functional understandmg of reproductive
'strategles (Gangestad & Simpson 2000), and was productive in
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identifying a context-specific and hierarchical mate-choice decision
rule. | |

The research hypothesis of Sectiori 3 took as starting peints‘the
functional positions that judgments of attractiveness help us
choose mates (see e.g. Rhodes 2006), and that psychological
~ capabilities may come online as they are.»needed (Andersson
. 1994; Cartwright 2000). It investigated whether children were able
to detect mate quality only as they went through puberty and
reproduetive choice became relevant, and whether individual
differences in puberty'-predicted differences in attractiveness
judgments. This functionally-motivated investigation gave rise to
findings of age-related changes in judgments that were broadly in

line with predictions.

In all of these cases, functional consideratidns have been essential
to the formation or interpretation of the studies. As such, the
research places itself within the discipline known as evolutionary
psychology, whose functional motivations have been subject to
criticism (see, e.g., Laland & Brown 2002 for a review). As
emphasised in the summaries above, many of the functionaliy-
motivated building blocks of the experimental work undertaken in
the foregoing chapters are intangible: they are mentalisiic, logically
derived, or conceptual. That is, despite being biologically
motivated, the studies work with abstract concepts such as genetic |
qualiiy, masculinity, or even attractiveness, that are thought to
represent constellations of more objective mea'surements. Of
course the studies also employ specific, concrete elements;
androstadienone is one example; but even then,' as diecussed in
- Section 1, a great deal is unclear about how androstadienone
‘might be released and detecied, and of course the work is
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motiVated on the (abstract) assumption tpat androstadienone has
an ad'aptive sighiﬁcancé. This reliance on the abstract is no doubt
a great source of frustration to those used to working with more
quahtiﬁable, objective objects or measurements. Yet this '-
deficiency can also be used to inspire other resaaréh that attempts
-to pin down the biochemical pathways, or the neurological
underpinnings, or the numerical evidence of increased
reproductive success, that have been assumed by the behavioural
| research. Indeed, the school of evolutionary psychology, almost by
definition, has made more efforts than ‘other branches of
psychology to link mentalist'ic concepts to biological knowledge; in
vthe parlance of the field, this unites the proximate and the ultimate.
Instead of dismissing evolutlonary psychologys reliance on
- functional explanattons a more productlve approach may be to
look to mtegrate these functional explanations with the tangible
foundations that are often associated more readily with other
branches of science. -

The approach of evolutionary psychology $uggests that we should
- seek to understand human behaviour in the light of evolution and
adaptation (cf. Dobzhan“sky 1973). One thing we do not know is
whether adaptive pressures Ashou'ld be used to :ex'plain only the
most major swathes of our péychology; or also more minor
varlatlons This thesis is in part a product of the Zeitgeist that
| attempts to apply adaptlve reasoning even to individual variation
(c.f. Wilson 1994; Wilson 1998; Nettle '2006). This topic of
individual variation in human mate choice, then, falls across.the
boundary of what we currently understand about adaptations |
‘'versus non-adaptive variation. Yet there is also an epistemological
question at issue relating to the evolutionary psychology research
paradigm. As is standard within the field, the expetimental findings
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in 'the foregoing chapters have often been interpreted . with
reference to this explicative paradigm, even when théy conﬂict with
the original hypotheses. So fdr instance, the expériments of
Section 3 started with the hypothesis that children would only be -
" able to identify symmetry, averageness and sexual dimofphism as
attractive when they became able to reproduce. The finding that
- the younger _Children also used these parameters in their
- judgments of attractiveness was used not to comment upon the
original hypothesis, but instead was put forward as évidence that
symmetry, averageness and sexual dimorphism must have non- -
sexual signiﬂcénce. This type of re-interpretation of the results to fit
an ada'ptive.framework has met with criticism of the evolutionary
_ psychblogy research discipline on the basis that it provokes ‘just
so’ stories. Yet one such just-so story mu'st‘ be correct, and on that
basis alone, they should not be banned outright (Dennett 1995).
Further, and more importantly, .individual studies that take place
within a scientific paradigm cannot themselves comment upon that
paradigm (Kuhn 1962). Having said this, individual studies can
- form part of a body of evidence which shows whether that
- paradigm lends itself to the asking of useful questions, and the
level of investigation (broad scale or minute variation) at which the
- paradigm may be used. The conventions of the evolutionary
psychology research paradigm are that behaviour is frequently
adaptive, and should be interpreted as such. The usefulness of
evolutionary psychology in framing and provoking good questions
will be judged by future historians of science with reference to the

“success or otherwise of experiments based within it, perhaps
including, albeit as a minute part, the studies reported in this -
thesis.
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