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RESUMO  

  

Pereira, K. J. (2019). A influência da feminilidade/masculinidade e das ameaças ambientais 

nas preferências por potenciais parceiros românticos (Tese de Doutorado). Instituto de 

Psicologia, Universidade de São Paulo, São Paulo.  

  

Os humanos têm enfrentado a escolha entre preferências por traços femininos e masculinos, 

isto é, entre investimentos diretos (cuidado parental) e indiretos (qualidade genética) na 

reprodução, respectivamente, o que afeta a percepção de atratividade e indica qualidades 

biossociais. A FM é influenciada principalmente por hormônios reprodutivos, mas sua 

percepção é mediada por: 1) contextos biopsicossociais (autopercepção e percepção por 

terceiros), 2) múltiplos canais de informação (visual e vocal) e/ou 3) ameaças ambientais 

(patógenos e escassez de recursos). Estudos anteriores possuem limitações, como ausência de 

clareza quanto à associação entre autopercepção e percepção por terceiros da FM; 

incongruência nas informações das faces e vozes dos homens; e estudos focando 

principalmente nas preferências das mulheres por faces e vozes manipuladas digitalmente e 

usando um modelo de escolha forçada. Assim, examinamos: (a) possíveis associações entre 

percepções subjetivas (autopercepção e percepção por terceiros da FM e atratividade) e FM 

medida; (b) concordância na FM de mulheres e homens percebida por terceiros; e (c) 

influência de patógenos (PT) e escassez de recursos (ER) nas preferências pela FM no sexo 

oposto. Tiramos fotos faciais e gravamos vozes e danças de público-alvo de 41 mulheres e 38 

homens e medimos o dimorfismo sexual da forma facial, a frequência fundamental vocal e 

o etograma das danças. Estes participantes também autoavaliaram sua FM e atratividade 

faciais, vocais e comportamentais. Posteriormente, 64 (43 mulheres) e 51 (28 mulheres) 

estudantes avaliaram respectivamente a FM e atratividade dos estímulos do público-alvo. 

Com as avaliações da FM escolhemos os cinco mais masculinos e os cinco mais femininos 

para cada estímulo, dentro de cada sexo. Finalmente, 370 estudantes (206 mulheres) leram um 

artigo de jornal da condição controle e um dos artigos da condição ambiental (PT ou ER); o 

artigo PT era sobre o Aedes aegypti, enquanto o artigo ER era sobre a crise econômica 

brasileira. Os participantes foram aleatoriamente designados para o contexto de 

relacionamento de curto ou longo prazo. Após cada artigo, os voluntários avaliaram a 

atratividade dos estímulos do público-alvo individualmente. Cada amostra conteve diferentes 

estudantes do estado de São Paulo com 18 a 35 anos. As percepções subjetivas das mulheres 

não refletiram as percepções dos terceiros nem as medidas objetivas. Todavia, a FM facial e 
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vocal delas se correlacionou, sugerindo concordância informacional. Diferentemente, as 

autoavaliações dos homens e as avaliações de terceiros quanto à FM e atratividade se 

correlacionaram. Ademais, o tom de voz mais masculino se associou com a FM autodeclarada 

e declarada por terceiros. Entretanto, as avaliações de terceiros quanto à FM facial e vocal não 

se relacionaram, indicando mensagens distintas. Além disso, no contexto de longo prazo, as 

mulheres preferiram um mosaico entre faces masculinas e vozes femininas após a ER. 

Os homens, por sua vez, preferiram vozes masculinas, sugerindo preferência por parceiros 

com maior acesso a recursos. Não houve efeito da condição PT no contexto de curto prazo, 

indicando a influência do modelo experimental. Finalmente, as danças não produziram 

qualquer efeito, sugerindo um desenvolvimento diferente das faces e vozes.  

  

Palavras-chave: Feminilidade/masculinidade. Diferenças individuais. Percepção multimodal. 

Percepção subjetiva. Medidas objetivas. Estímulos ambientais. Preferências por parceiros.  
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ABSTRACT  

  

Pereira, K. J. (2019). The influence of femininity/masculinity and environmental threats on 

preferences for potential romantic partners (Doctoral Thesis). Instituto de Psicologia, 

Universidade de São Paulo, São Paulo. 

 

During evolution, humans faced the trade-off between preferences for feminine and masculine 

traits which are connected to direct (parental care) and indirect (genetic quality) investments 

into reproduction, respectively. Therefore, femininity-masculinity (FM) affects perceived 

attractiveness and indicates biosocial qualities. Physiological and morphological FM are 

primarily influenced by reproductive hormones; however, its perception can be mediated by: 

1) biopsychosocial contexts (e.g. self- and other-perception), 2) multiple channels of 

information (e.g. visual and vocal information), and 3) environmental threats (e.g. pathogens 

and resource scarcity). However, previous studies show limitations. Firstly, it is unclear if 

self- and other-rated FM are associated. Secondly, results suggest that women‘s faces and 

voices present concordant information about their FM; however, mixed results are found for 

men. Finally, studies mainly focus on women‘s preferences for digitally manipulated male 

faces and voices in a forced-choice design. Thus, we examined: (a) possible associations 

between subjective perceptions (i.e. self- and other-rated FM and attractiveness), and 

measured FM; (b) whether women‘s and men‘s FM is concordantly perceived by third-party 

raters; and (c) the influence of pathogen threat (PT) and resource threat (RT) on women‘s and 

men‘s preference for FM in the opposite sex. We took facial photos, and recorded voices and 

dances of a target sample of 41 women and 38 men and we measured sexual dimorphism of 

facial shape, vocal fundamental frequency, and ethogram of videos. These participants also 

self-rated their facial, vocal, and behavioral FM and attractiveness. Later, 64 (43 women) and 

51 (28 women) students independently rated facial, vocal and behavioral FM and 

attractiveness of the target sample, respectively. Finally, 370 (206 women) students were 

primed with newspaper-like articles on either PT (Aedes aegypti, and its mosquito-borne 

diseases) or RT (Brazilian economic crisis), and compared to a control condition (lions 

poisoned in a Kenyan Reserve). Participants were randomly assigned either for a short- or 

long-term relationship. After each priming article, participants rated attractiveness of the five 

most masculine and the five most feminine stimuli of the opposite sex of the target sample in 

a standalone-rating design. Each sample was independent and comprised students, aged 18-35 

years, from universities across the state of Sao Paulo, Brazil. In women, results showed that 
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subjective perceptions did not reflect perceptions of others or objective measures. However, 

women‘s facial and vocal FM correlated positively, suggesting concordant information about 

mate quality. In contrast, men‘s self-rated FM and attractiveness correlated with third-party 

ratings, and male voice pitch correlated with self- and other-rated FM. Nevertheless, other-

ratings on men‘s FM did not correlated, indicating multiple messages. Finally, for long-term 

context, women preferred a mosaic of men‘s masculine faces and feminine voices after 

primed with RT condition. Men, however, preferred masculine female voices, suggesting a 

preference for partners with easier access to resources. There was no effect of PT condition in 

short-term context, indicating the influence of the study design. Finally, no effect was found 

for dances, suggesting a different development than faces and voices.  

  

Keywords: Femininity/masculinity. Individual differences. Multimodal perception. Subjective 

perception. Objective measures.  Environmental cues. Mate preferences.  
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1 INTRODUCTION  

  

Since animal behavior is influenced by multiple variables, Tinbergen 

(1963) proposed that the analysis of behavior patterns should be made in four different levels: 

(1) proximate mechanisms or immediate causes, (2) development, (3) survival value 

or function, and (4) evolutionary history. The first level examines physical-chemical 

mechanisms influencing the behavior, such as hormones and membrane receptors. The 

development studies how the experiences faced by an individual over her/his lifetime 

influence behavior patterns. The third level examines what kind of advantages the behavior 

gave to our ancestors in the struggle to survive and reproduce, which influences natural 

selection. Finally, the evolutionary history covers tracking the evolution of the behavior in 

comparison with other species (Ferreira, 2011; Laland & Brown, 2011).  

Some species‘ behaviors are also influenced hugely by conspecific members. In this 

case, the numerous interactions among conspecifics reflect on the development of complex 

societies (Smuts, Cheney, Seyfarth, Wrangham, & Strusaker, 1987) and can have distinct 

goals, including mating. In the case of humans, Tinbergen‘s (1963) four questions are also 

used to analyze behaviors; however, it is also necessary to pay attention to the theoretical 

perspective used, since it can modify how the study design and discussions will be carried 

out. Despite differences in approach, each academic subject examines the human mating 

behaviors on distinct levels, creating a wider understanding of the complex 

interactions (Hinde, 1982).  

Therefore, the current thesis focused on the study of human preferences for romantic 

partners of the opposite sex following the perspectives of Evolutionary Psychology and 

Human Ethology. More precisely, the PhD student examined women‘s and men‘s preferences 

for feminine and masculine traits of the opposite sex. The stimuli comprised faces, voices, and 

dance movements. Firstly, it was investigated whether the subjective perception (i.e. self-

reports and third-party ratings) of feminine and masculine stimuli were associated with 

objective measures of femininity-masculinity. We then examined how subjective perceptions 

and objective measures of femininity-masculinity correlate with self- and other-rated 

attractiveness. Then, the current thesis focused on the third-party's perception of femininity-

masculinity. As a second chapter, it was examined whether faces, voices, and dance 

movements were perceived as a concordant channel of information on femininity-masculinity 

by third-party raters. Finally, in the third chapter we tested whether cues to pathogen threat 

and resource scarcity influenced human preferences for femininity-masculinity in the context 
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of short-term and long-term relationships. Each part was written as a scientific 

article presented in section 3.  

The current study intended to address some limitations in previous research. In the context 

of romantic relationships, studies have usually focused on women‘s preferences, assuming 

that men show fixed responses irrespective of environmental influences. In addition, despite 

the multimodal nature of femininity-masculinity, most research has studied facial traits, 

especially manipulated faces. Finally, the majority of studies have analyzed samples from the 

USA, Canada, Western Europe, and Australia, neglecting cultural differences in sensory 

preferences.  

To address such topics, an introduction was written to discuss general aspects that were not 

included in the scientific articles because it would be behind the scope of the papers. To 

introduce the current study, the literature review was divided into three parts. The first part 

reviews the evolutionary concepts that provided background to the hypotheses and 

discussions presented below. The second subsection reviews the development of facial, vocal, 

and behavioral femininity-masculinity in both sexes. Finally, the third subsection reviews the 

influence of pathogen threat and resource scarcity on human preferences for an opposite-sex 

partner.  

  

1.1 Evolutionary concepts  

  

In this subsection, we briefly review the main theories most important for the current 

thesis. Darwinian theories, parental investment, and human sexual strategies are discussed 

below.  

  

1.1.1 Darwinian theories  

  

In 1858, the Darwin-Wallace theory of evolution of species by natural selection was 

released (Darwin & Wallace, 1858). In the following year, Darwin released his famous 

book On the Origins of Species, and described the natural selection as the process in which 

individuals possessing advantageous traits to the external conditions and compared to other 

organic beings have higher chances of breeding and producing greater amount of offspring. 

Natural selection maintains and spreads the said variations through a group of individuals 

(Darwin, 1859/1872; Jones & Ratterman, 2009). More precisely, individuals with anatomical, 



19 
 

physiological, and/or behavioral characteristics that fit the environment better than 

their conspecifics will have the greatest chances of survival and reproduction, leading the 

population to change over time (Laland & Brown, 2011).  

Nevertheless, some traits have been selected despite their negative effects upon survival, 

the peacock tail being the most famous example (Zahavi, 1975). The evolution of these traits 

was then explained by the concept of sexual selection. Darwin (1871/1874) described 

the sexual selection as characteristics that have given advantage to their owner over others of 

the same sex in respect of reproduction. That means that individuals have distinct 

reproductive success caused by characteristics that produce better competition for access to 

mates or fertilization opportunities (Andersson, 1994; Jones & Ratterman, 2009). Therefore, 

the owner of such traits would leave greater amount of offspring, which compensates any 

disadvantages to survival (Darwin, 1871/1874).  

Sexual selection occurs through two mechanisms, namely intrasexual and intersexual 

selection (Jones & Ratterman, 2009). The former identifies characteristics that have evolved 

through intrasexual competition by enhancing competitive abilities among members of the 

same sex, e.g. physical fights and threats, and ritualized displays of courtship (Laland & 

Brown, 2011; Vasey & Sommer, 2006). The intrasexual selection favors weapons (like 

antlers, claws, and tusks), greater body size, strength, and aggression to defend restricted 

critical resources and have access to fertile females (Emlen, 2008; Puts, 2010).  

On the other hand, some traits may have evolved through intersexual selection by 

enhancing the likelihood of being chosen as a mate (Laland & Brown, 

2011; Vasey & Sommer, 2006). According to Jones and Ratterman (2009), intersexual 

selection depends on the preference of the opposite sex for such traits and thus individuals 

with the preferred trait will leave greater numbers of offspring, which increases the frequency 

of these traits in the population. Models to explain the evolution of mating preferences are 

based on either two major categories: direct-benefits model and indirect-benefits 

model (Andersson & Simmons, 2006; Jones & Ratterman, 2009). The former supposes that 

the preferences can evolve if the choosy sex gains direct benefits (Kuijper, Pen, & Weissing, 

2012). Therefore, the preference for an ornament associates with immediate benefits to the 

selecting sex, such as high-quality territory, nutrition, parental care and/or protection 

(Andersson & Simmons, 2006; Jones & Ratterman, 2009; Kuijper et al., 2012), indicating that 

the ornament reflects some parental qualities and abilities of the owner.  

The indirect-benefits model argues that the choosy sex increases its fitness as a 

consequence of its offspring having higher fitness, which is provided genetically by the trait‘s 
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owner (Andersson & Simmons, 2006; Jones & Ratterman, 2009). Jones and Ratterman (2009) 

suggested that these models can be lumped in a single category, namely Fisher-

Zahavi models. According to the Fisherian model, the choosy sex will produce attractive 

offspring of the opposite sex, which in turn will have an advantage on intersexual selection 

(Andersson & Simmons, 2006; Kuijper et al., 2012), because the trait will increase their 

likelihood of reproducing and leaving a greater amount of offspring. Moreover, the choosy 

sex will also produce offspring of the same sex carrying the preference for the trait 

(Andersson & Simmons, 2006; Jones & Ratterman, 2009). Therefore, this model requires 

coevolving preference and ornament genes (Kuijper et al., 2012; Jones & Ratterman, 2009).   

On the other hand, the Zahavi model (also known as good genes or handicap mechanism) 

also requires a third dimension (corresponding to heritable quality) (Andersson & Simmons, 

2006; Kuijper et al., 2012; Jones & Ratterman, 2009). In this scenario, the ornament is a 

costly trait, since it decreases the survival of the individual (Kuijper et al., 2012; Zahavi, 

1975). Therefore, individuals who reach the reproductive age with a more elaborate version of 

the ornament show good genotype (Jones & Ratterman, 2009; Zahavi, 1975, 1977). Selecting 

individuals showing preference for such traits can thus provide genetic benefits to their 

offspring (Andersson & Simmons, 2006), producing the enhancement of the offspring 

reproductive value (Kuijper et al., 2012).   

Despite the differences, Fisherian and Zahavi models could occur 

simultaneously throughout the evolution of traits and mating preferences (Andersson, 

1994; Andersson & Simmons, 2006). The same coevolution could have also happened 

between direct and indirect benefits (Kuijper et al., 2012).  

In summary, sexual selection provided an explanation for ornaments that have evolved in 

the context of mate attraction (i.e. intersexual selection), and weapons and signals 

that have evolved in the context of mate competition
 
(i.e. intrasexual competition). However, 

both mechanisms could have coevolved concomitantly in certain species, producing the 

evolution of traits that work in both scenarios (Berglund, Bisazza, & Pilastro, 1996; Kuijper et 

al., 2012).  

  

1.1.2 Parental Investment  

  

The theory of sexual selection allowed scientists to examine and understand mate 

behaviors, the rise of disadvantageous characteristics to survival, and the sexual dimorphism 
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(Andersson, 1994; Buss, 1998; Miller, 1998; Puts, Jones, & DeBruine, 2012). Nevertheless, 

Darwin was unable to explain why males usually compete to have access to female, whereas 

female usually choose a particular mate among males (Laland & Brown, 2011; Miller, 

1998). Trivers (1972) gave a solution to this inquiry when he proposed the parental 

investment theory.  

Trivers (1972) defined parental investment as ―any effort – from metabolic to behavioral – 

by a parent in a single offspring to increase its chance of surviving‖. However, the effort 

located to seek out a mate and/or dispended in intrasexual competition is not considered as 

parental investment, since it does not increase the offspring‘s chance of surviving. The 

parental investment decreases the parent‘s ability to invest in other descendants and thus the 

sex with greater parental investment becomes the limiting resource in the mate choice, while 

the sex with lesser parental investment competes with conspecifics for access to mate.   

In a ‗typical species‘, female would gestate, lactate, and/or provide most of the post-

parturition care to offspring. Therefore, the potential reproductive rate of females is limited, 

creating a scenario where fewer fertile females will be reproductively available compared to 

males in a population. Males thus should search for potential females and compete intra-

sexually to have access to them, whereas females should discriminate among potential 

males and choose the one that would contribute the most to offspring quality and survival 

(Trivers, 1972; Vasey & Sommer, 2006). Nevertheless, Trivers (1972) argued that the 

underlying force driving selection is not the individuals‘ sex, but rather the amount of parental 

investment dispended per offspring. Thus, in ‗atypical species‘ male parental investment 

exceeds the opposite sex, which selects females to compete intra-sexually for males, while 

males are selected to choose a potential female mate (Trivers, 1972; Vasey & Sommer, 2006). 

Finally, when both sexes have equal investments, females and males do not 

show big differences in mate choice and intra-sexual competition (Trivers, 1972).  

In humans, women possess a high parental care investment like ‗typical species‘. First of 

all, women invest heavily in each egg cell, which are also produced in fewer quantities 

compared to sperm (Trivers, 1972; Vieira, Rimoli, Prado, & Chelini, 2009). Moreover, 

women have a high physiological investment in gestating, birthing, breast-feeding and raising 

offspring (Jasieńska, 2009), since nursing can go up to several years (Buss, 1998; Eibl-

Eibesfeldt, 1989; Miller, 1998). Finally, due to changes in prolactin levels during lactation, 

women‘s ovulatory cycle can cease (Sousa, Hattori, & Mota, 2009). Therefore, such large 

investment slows women‘s reproductive rates, driving male-male competition to have access 

to fewer fertile females (Dixson, 2016; Puts, 2010).  
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Nevertheless, humans have evolved a cooperative mating system, in which men help 

raising children (Sear, 2016). Compared with males of most animal species, men invest 

heavily in offspring (Puts, 2010). Such system has been selected because human infants are 

born immature motorically and perceptually and thus demand great amount of parental care 

for a particularly long period of time (Bjorklund, 1997; Vieira et al., 2009). As a result, 

humans have evolved a mating system, in which both women and men tend to provide 

extensive parental effort, compete with same-sex individuals, and actively choose their mates 

(Buss, 1998; Campbell, 2004; Sousa et al., 2009; Puts, 2010). For example, women can 

compete through a more attractive look (Cashdan, 1996, 1998; Schmitt & Buss, 1996), while 

men may choose younger female partners to increase the rate of potential offspring (Buss, 

1989; Buss & Schmitt, 1993, 2019; Wood, 1994).   

  

1.1.3 Human sexual strategies  

  

Despite women and men show high parental investment, distinct mating systems have 

evolved and they influence each sex distinctly (Marlowe, 2003, 2005). The allocation of time 

and energy may provide an explanation for such event. Mating effort is a finite resource 

(Jones, Feinberg, DeBruine, Little, & Vukovic, 2008), which has created constraints, such as 

competition to obtain romantic partners, mate choice, investment in offspring, etc. Therefore, 

strategies were selected because they solve these adaptive problems (Buss, 2006; Buss & 

Schmitt, 1993, 2019). In mate choice, sexual strategies evolved because they helped 

individuals to solve, consciously or unconsciously, the adaptive problems linked with 

reproduction. From this perspective, mate selection and attraction are not random events: 

recurring sexual problems selected psychological mechanisms that adaptively replied to 

significant environmental information, partner status and one‘s own condition (Buss, 1998; 

Sousa et al., 2009). Such psychological mechanisms are called strategies.  

Buss and Schmitt (1993) specified two sexual strategies according to a temporal context: 

short-term and long-term relationships. The former refers to the search of a partner who will 

require minimum levels of parental investment for a relatively short period of time, while the 

latter describes a romantic mate who will commit high levels of parental investment for a 

longer amount of time (Buss & Schmitt, 1993). Gangestad and Simpson (2000) discuss that 

both men and women display short-term and long-term strategies, because they have evolved 

conditional mating strategies guided by cues of environmental needs. More precisely, distinct 
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tactics have evolved, because individuals who could change, consciously or unconsciously, 

their mating behavior in response to cues in the environment were able to survive, procreate 

and have more offspring (Gross, 1996; Oliveira, Taborsky, & Brockmann, 2008). Thus, 

women and men can enact the same tactics; however, the average adaptive values were not 

equal for both sexes (Buss & Schmitt, 1993, 2019; Gross, 1996; Oliveira et al., 2008; Sousa et 

al., 2009), leading to relatively distinct features searched in a romantic partner.  

Due to differences in the mechanisms of intersexual and intrasexual selection that were 

explained previously, women and men show distinct trade-offs regarding sexual strategies 

(Buss & Schmitt, 1993, 2019; Sousa et al., 2009). Considering the sex differences in minimal 

parental investment, men may benefit more than women from copulation with a high number 

of short-term partners and thus they would prefer mates with cues to genetic quality and 

fertility (Buss & Schmitt, 1993, 2019; Gangestad & Simpson, 2000; Li & Kenrick, 2006; 

Sousa et al., 2009; van Straaten, Engels, Finkenauer, & Holland, 2008). On the other hand, 

women may benefit more than men from investments in long-term relationships, and thus 

they would prefer mates with cues to direct qualities (Buss & Schmitt, 1993, 

2019; Gangestad & Simpson, 2000; Pettay, Helle, Jokela, & Lummaa, 2007; Shackelford, 

Goetz, LaMunyon, Quintus, & Weekes-Shackelford, 2004; Sousa et al., 2009).  

However, women could use a short-term strategy to receive both direct (e.g. immediate 

resources, social status) and indirect benefits (e.g. genetic quality), and/or assess a potential 

long-term mate (Buss, 1998; Buss & Schmitt, 1993, 2019; Gangestad & Simpson, 2000; Li 

& Kenrick, 2006; Sousa et al., 2009). Similarly, men could benefit from a long-term strategy 

to have access to a women‘s reproductive potential, decrease the effort on mate choice and 

mate competition, and/or share workload with a long-term partner (Buss, 1998; Buss & 

Schmitt, 1993, 2019).   

In summary, recurring sexual problems selected psychological mechanisms to change, 

consciously or unconsciously, mating behavior. As a result, preferences for certain 

characteristics have been selected; however, they do not necessarily result in mate choice 

(Todd, Penke, Fasolo, & Lenton, 2007), because preferences are qualities searched in an ideal 

partner, while mate choice is the actual mate (Jennions & Petrie, 1997). In the current thesis 

we have focused on preferences, rather than actual behavior, because preferences or 

tendencies can reflect evolutionary adaptations, while actual behaviors can be influenced and 

restricted by other immediate factors.  
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1.2 Sex dimorphic traits  

  

After reviewing the main theories crucial for the current thesis, sex dimorphic traits will be 

discussed below. Firstly, a review of the development of sex dimorphism will be shown. 

Then, the femininity-masculinity in human faces, voices, and behavior will be discussed. 

Finally, a summary of multimodal channel of femininity-masculinity will be presented.  

  

1.2.1 Femininity-Masculinity  

  

As discussed above, sexual selection produces the evolution of bodily ornaments, because 

they were advantageous in dealing with adaptive problems of mate choice and intrasexual 

competition. In addition, energy and resources are finites, and they have to be allocated in 

distinct aspects of an individual‘s life, including the reproductive domain (Geary, 2002; Roff, 

1992; Vieira et al., 2009). Therefore, to increase the efficiency and efficacy of mate choice, 

psychological mechanisms were selected because they allowed the assessment of ornaments 

produced by sexual selection (Buss, 1998; Sousa et al., 2009).  

One way to obtain information about the quality of a potential mate is by assessing 

feminine and masculine characteristics. Both traits are influenced by sex hormones, 

particularly estrogen and testosterone in women and men (Holzleitner & Perrett, 2017), 

respectively, which develop sexual dimorphisms. Thus, femininity refers to an individual‘s 

characteristics related to female‘s reproductive physical and social traits, while masculinity 

refers to male‘s physical and social traits (Dixson, 2016).  

In mammals, sexual dimorphism starts to develop during the prenatal period. Around six 

weeks of the human gestation, sex-determining regions in the sex chromosomes determine the 

gonad differentiation into either a testis or an ovary, leading to sex hormones production 

(Eggers & Sinclair, 2012). The sex hormones thus induce intersexual differences in anatomy 

and behavior (Berenbaum & Beltz, 2011; Eggers & Sinclair, 2012).  

The second relevant moment to sexual dimorphism occurs at the pubertal period. Puberty is 

characterized by an increase in the frequency and amplitude of gonadotropin releasing 

hormone (GnRH) secretion, producing a hormonal cascade that activates the gonads. This 

leads to the secretion of sex hormones, i.e. estrogen and androgens (such as testosterone). The 

elevated levels of sex hormones result in the appearance of secondary sex characteristics in 

anatomy (Forbes & Dahl, 2010; Sisk & Zehr, 2005). Sex hormones, besides other biological 
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and social factors, also influence cognitive processes, motivational tendencies, and behavior 

(Forbes & Dahl, 2010; Schulz et al., 2004; Sisk & Zehr, 2005).  

Therefore, prenatal and pubertal hormones influence the development of sexual 

dimorphisms perceived in human adults. In the current thesis, however, only the anatomical 

and behavioral traits will be discussed. More precisely, femininity-masculinity in faces, 

voices, and dance movements were examined and thus a summary of the influence of 

hormones in those traits is presented below.  

  

1.2.2 Feminine-Masculine traits  

  

In faces, there is a positive relationship between women‘s estrogen levels and markers of 

femininity (Law Smith et al., 2006; Thornhill & Grammer, 1999). During pubertal 

development, the action of estrogens develops women‘s round overall shape, smaller lower 

faces, fat deposits on the upper cheeks, wide eyes, and larger lips (Grammer, Fink, Møller, 

& Thornhill, 2003; Perrett et al., 1998). Contrarily, high levels of testosterone are associated 

with male masculinity (Penton-Voak & Chen, 2004; Perrett et al., 1998). Facial masculinity 

includes larger jaws, chins and noses; more robust midface, prominent brows, and small eyes 

(Folstad & Karter, 1992; Grammer et al., 2003; Miller & Todd, 1998).  

In the case of human voices, higher levels of estrogen increase women‘s larynges in size, 

although maintaining the general proportion among the laryngeal cartilages (Kahane, 1982). 

Vocal tract also increases, but in a lower magnitude compared to men (Fitch & Giedd, 1999). 

Finally, estrogen also slows down vocal fold development, lowering the fundamental 

frequency (i.e. the lowest frequency reached) by one third (Abitbol, Abitbol, & Abitbol, 

1999). However, the women‘s vocal pitch (i.e. the perception of fundamental frequency) is 

still higher than men‘s (Abitbol et al., 1999; O‘Connor, Re & Feinberg, 2011). On the other 

hand, testosterone causes a 60% increase in men‘s vocal fold length relative to women 

(Harries, Hawkings, Hacking, & Hughes, 1998; Titze, 1994), and develops a further 

descended larynx, increasing the lengthening of the vocal tract (Fitch & Giedd, 

1999; Vorperian et al., 2009). Thus, men possess lower fundamental frequency (Fant, 1960) 

that is twice as low as the average woman‘s voice pitch (Feinberg, 2008; Fitch & Giedd, 

1999; Titze, 1994).  

Sexual dimorphism is also seen in behaviors, such as dance movements. For example, 

female judges assessed male dancers who were exposed to more prenatal testosterone 
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(measured by lower 2D:4D ratios of index and ring fingers) as more dominant, masculine, and 

attractive (Fink, Seydel, Manning, & Kappeler, 2007). Moreover, previous studies indicated 

that women and men show distinct body movements while walking: the former shows more 

hip movements (feminine body movement), while the latter presents more shoulder 

movements (masculine body movement) (Kozlowski & Cutting, 1977; Pollick, Kay, Heim, & 

Stringer, 2005; Saunders, Williamson, & Troje, 2010; Troje, 2002).  

The intersexual variations in dance and body movements in general may be related to the 

display of sexual dimorphisms in body composition. According to Hanne (1988, 2010), dance 

was sexually selected to display beauty, health, strength, and sexual attractiveness. Sex 

hormones influence many aspects; however, waist-to-hip ratio (WHR), and waist-to-shoulder 

ratio (WSR) are the most related to intersexual variations in body movements.  

 Firstly, sex hormones influence sexual dimorphism in body composition (Evans, 

1972; Jasieńska, Ziomkiewicz, Ellison, Lipson, & Thune, 2004; Kasperk et al., 1997), through 

the distribution of fat and muscle (Biro et al., 2003; He et al., 2004; Kasperk et al., 1997). 

Women develop permanent stores of fat in some bodily areas, like around the buttocks and 

thighs (Grammer et al., 2003). On the other hand, men‘s body deposits fat especially around 

the abdomen, shoulders, arms, and neck (Braun & Bryan, 2006; Lourenço & Queiroz, 2010).   

Higher levels of testosterone also develop muscularity, resulting in broad shoulders, and 

narrow hips in men (Grammer et al., 2003; Hönekopp, Rudolph, Beier, Liebert, & Müller, 

2007; Samson et al., 2000). Sexual dimorphism in body composition results in a difference of 

about 15-20% in body mass (Mayhew & Salm, 1990), i.e. men are usually heavier than 

women. Nevertheless, these proportions increase to 40%, when fat-free mass is considered 

(Lassek & Gaulin, 2009; Mayhew & Salm, 1990). Moreover, men have 60% more total lean 

muscle (Lassek & Gaulin, 2009; Mayhew & Salm, 1990), when the whole body is considered. 

Further, men possess 80% greater arm muscle mass and 50% more lower body muscle mass 

(Abe, Kearns, & Fukunaga, 2003), when the body is divided into body segments. In summary, 

women‘s body composition is characterized by a higher amount of body fat and a lower 

amount of muscle mass relative to men (Folland & Williams, 2007; Kirchengast, 2010; Wells, 

2007, 2012). Finally, masculinity also influences height (Grammer et al., 2003; Kempe, Puts, 

& Cárdenas, 2013; Samson et al., 2000): on average, pubertal men grow 7% taller than 

women (Gaulin & Boster, 1985).  

The sexual dimorphism in body composition also creates a significant difference in body 

shape. Women are characterized by a greater discrepancy between the measurements of the 

waist and hips (i.e. WHR), while men possess a greater discrepancy between the 
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measurements of the waist and shoulders (i.e. WSR) (Biro et al., 2003; He et al., 

2004; Jasieńska et al., 2004; Tanner, 1981).   

However, it is important to remember that there is also an intrasexual variation in the 

exposure to sex hormones. In fact, Mikach and Bailey (1999) discussed that, irrespective of 

sex, individuals that show a higher degree of an overall masculinization (i.e. individual who 

were expose to higher levels of testosterone) are expected to show more masculine traits, 

while the opposite is correct for individuals with lower exposure to masculinization. 

Therefore, women and men show distinct levels of masculinization, which creates variations 

in the traits of femininity-masculinity. The implications of these intrasexual variations are 

discussed in the next section.  

  

1.2.3 Cues of Femininity-Masculinity and Sexual Strategies  

  

Previous studies suggest that physiological masculine traits might be a proxy for indirect 

investment in men. Women choose men with more masculine features in circumstances of 

high levels of male intra-sexual competition (Little, DeBruine, & Jones, 2013), social 

inequality (Brooks et al., 2011), poor health environment (DeBruine, Jones, Crawford, 

Welling, & Little, 2010a; Penton-Voak, Jacobson, & Trivers, 2004), and in conditions of high 

pathogen load (Lee & Zietsch, 2011; Little, DeBruine, & Jones, 2011a; Watkins, DeBruine, 

Little, Feinberg, & Jones, 2012). This happens because testosterone also 

causes immunosuppression and thus masculinity is considered a costly handicap that signals 

good health (Boothroyd, Scott, Gray, Coombes, & Pound, 2013; Folstad & Karter, 1992; Foo, 

Nakagawa, Rhodes, & Simmons, 2017; Thornhill & Gangestad, 2006; Zahavi, 1975).   

Indeed, more masculine characteristics have been related to good health in men. Masculine 

physical characteristics in men (like faces, voices, body height, and broad shoulders) 

correlated negatively with respiratory disease, antibiotic use (Thornhill & Gangestad, 2006), 

and urinary biomarkers of low oxidative stress (Gangestad, Merriman, & Thompson, 2010). 

These findings are consistent with analyses of medical records and ratings of perceived health 

(Johnston, Hagel, Franklin, Fink, & Grammer, 2001; La Batide-Alanore et al., 2003; Rhodes, 

Chan, Zebrowitz, & Simmons, 2003; Scarbrough & Johnston, 2005; Scott, Swami, Josephson, 

& Penton-Voak, 2008; Thornhill & Gangestad, 2006). Rantala et al. (2012) also found that 

higher levels of salivary testosterone are associated with antibody response to a hepatitis B 

vaccine.   
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In addition to measures of health, testosterone correlated positively with apparent size 

(Feinberg, Jones, Little, Burt, & Perrett, 2005), dominance (Mazur & Booth, 1998; Puts, 

2010; Puts, Gaulin, & Verdolini, 2006; Puts, Hodges, Cárdenas, & Gaulin, 2007), social 

status (Eisenegger, Haushofer, & Fehr, 2011; Gawley, Perks, & Curtis, 2009) and competitive 

advantage (Li et al., 2014). Finally, men‘s masculine features also predict reproductive 

potential (Puts, 2005; Rhodes, Simmons, & Peters, 2005) and mating success (Apicella, 

Feinberg, & Marlowe, 2007; Nettle, 2002; Peters, Simmons, & Rhodes, 2008; Puts, 

2016; Prokop & Fedor, 2013).   

Studies also suggested that men‘s attributes are not only cued via static representations, but 

also via body movements, like men‘s dance. Dance depends on muscle strength (Fitt, 1981; 

Koutedakis & Sharp, 1999), agility, balance, and flexibility (Bushey, 1966). Thus, dance 

communicates beauty, health, strength, vigor and sexual attractiveness, hence playing a role in 

mate choice (Hanna, 1988, 2010; Byers, Hebets, & Podos, 2010). Dancers at the peak of their 

abilities are able to learn complex sequences of movements, and synchronize their actions to 

changing musical speed and rhythm and thus reflecting physical, cognitive, and aesthetic 

qualities (Bläsing et al., 2012). Moreover, dance could also indicate psychological 

characteristics and genetic resistance to developmental stressors, since women rated dance 

movements of men who scored higher on sensation seeking as more attractive and possessing 

risk-taking behavior (Hugill, Fink, Neave, Besson, & Bunse, 2011), and more symmetrical 

men were rated as more attractive dancers (Brown et al., 2005). Indeed, dance of masculine 

men was rated as more assertive, attractive, and dominant (Fink et al., 2007; Hugill, 

Fink, Neave, & Seydel, 2009). Finally, Neave et al. (2010) identified that the movement of 

neck, trunk, and knee predicted females‘ ratings of dance quality, leading the authors to 

suggest that those movements cued health, vigor and strength.  

According to the results presented above, women should prefer men with more masculine 

features as romantic partners. Nevertheless, studies show that women have a weak or 

inconsistent preference for masculine traits (Komori, Kawamura, & Ishihara, 2009; Said 

& Todorov, 2011; Scott, Pound, Stephen, Clark, & Penton-Voak, 

2010; Thornhill & Gangestad, 2006), or they even prefer more feminine male individuals 

(Boothroyd, Jones, Burt, & Perrett, 2007; Perrett et al., 1998). As explained above, humans 

show conditional mating strategies, which are, among other factors, influenced by 

environmental needs. Hence, women‘s preferences might be influenced by the trade-off 

between indirect and direct investments into offspring.   
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Previous studies indicated that masculine characteristics in men are related to increased 

risk of aggression (Carré & McCormick, 2008), sociosexuality (Varella, Valentova, Pereira, 

& Bussab, 2014), preference for short-term relationships (Boothroyd, Jones, Burt, DeBruine, 

& Perrett, 2008; Rhodes et al., 2005), the likelihood of being unfaithful to a romantic partner 

(Booth & Dabbs, 1993; Hughes & Gallup, 2003; O‘Connor & Feinberg, 2012), and higher 

rates of antisocial behavior (Booth, Granger, Mazur & Kivlighan, 2006; Hooper, Gangestad, 

Thompson, & Bryan, 2011; Mascaro, Hackett, & Rilling, 2013), as well as low equality 

(Price, Kang, Dunn, & Hopkins, 2011) and low investment in partner and offspring 

(Fleming, Corter, Stallings, & Steiner, 2002; Gray, Kahlenberg, Barrett, Lipson, & Ellison, 

2002). Moreover, research indicated that women are aware of such association, since they can 

relate male masculinity to men‘s unwillingness to commit to romantic partners (O‘Connor et 

al., 2011) and a tendency to infidelity (O‘Connor, Fraccaro, & Feinberg, 2012a).  

Since masculine features act as cues to indirect investments, mating strategy theories 

suggest that the costs associated with selecting masculine mates are bypassed and women can 

actually benefit from securing men‘s masculinity when seeking a short-term relationship 

(Dixson, Sulikowski, Gouda-Vossos, Rantala, & Brooks, 2016; Gangestad & Thornhill, 1997; 

Li et al., 2013). Such preferences appear for men‘s faces, bodies (Dixson, Dixson, Bishop, & 

Parish, 2010; Feinberg, DeBruine, Jones, & Little, 2008a; Johnston et al., 2001; Little, 

Jones, Penton-Voak, Burt, & Perrett, 2002; Little, Jones & Burriss, 2007b; Rhodes et al., 

2005), voices (Feinberg et al., 2006; Puts, 2005) and body movements 

(Provost, Troje & Quinsey, 2008). For instance, in a limited budget situation, women 

prioritize male attractiveness (which cues to indirect quality) in a short-term mate (Li 

& Kenrick, 2006). Moreover, previous studies show that men‘s attractiveness is important for 

women‘s willingness to accept a request for casual sex (Schützwohl, Fuchs, McKibbin, & 

Shackelford, 2009), and women show better memory for men‘s physical features compared to 

verbal information, when considering a short-term relationship (Horgan, 

Broadbent, McKibbin, & Duehring, 2015). A preference for masculine male features in a 

short-term mating strategy may have adaptive value, since it can lead to healthier or stronger 

offspring that are more likely to survive (Gangestad & Thornhill, 1997; Kruger, 2006).  

On the other hand, reduced phenotypic masculinity may be preferred by women in the 

context of long-term mating, as such men are perceived as more socially amenable, 

cooperative, and paternally investing as long-term partners (Buss, 1989; Buss & Schmitt, 

1993, 2019; Dixson et al., 2016; Li & Kenrick, 2006; Li et al., 2013; Van Anders & Goldey, 

2010). Such men thus display cues to higher direct qualities. For example, good male dancers 
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were described as less masculine and dominant, but more feminine, friendlier, more socially 

agreeable, warmer, and possibly as good long-term partners (Fink et al., 2012). Moreover, in a 

limited budget situation, women prioritized men‘s status and resources in a long-term mate 

(Li, Bailey, Kenrick, & Linsenmeier, 2002), as well as women perceived relatively more 

feminine male voices as more likely to be financially generous with their partner and as more 

likely to invest time and effort in a relationship (O‘Connor et al., 2012a; Wade, 

Weinstein, Dalal, & Salerno, 2015). This trade-off in preferences for favoring direct qualities 

rather than indirect qualities in a long-term mate appears to have adaptive value, leading to 

increased reproductive success via better survival rates for both women and their children 

(Pettay et al., 2007).   

Accordingly, research indicates that femininity might be a proxy for indirect investment in 

women. For example, facial femininity is related to fertility (Johnston, 2000; Law Smith et 

al., 2006; Rhodes et al., 2005), while high vocal pitch partly reflects age and is perceived as 

more attractive and youthful (Awan, 2006; Collins & Missing, 2003; Feinberg, DeBruine, 

Jones, & Perrett, 2008b; Nishio & Niimi, 2008; Röder, Fink, & Jones, 2013). Moreover, 

feminine body shape, e.g. low waist-to-hip ratio, was associated with reproductive maturity, 

fecundability, regular menstrual cycles, and perception of attractiveness and health (Jasieńska 

et al., 2004; Singh, 1993; Singh & Singh, 2006, 2011), in part because large body fat stores 

are needed for ovulation, pregnancy, lactation, and fetal and infant brain development 

(Jasieńska et al., 2004; Lassek & Gaulin, 2006, 2008; Singh, 1993). Finally, it seems as dance 

also cues to sex hormones. Miller, Tybur, and Jordan (2007) reported that female lap dancers 

earned higher tips in high-fertility days, while Fink, Hugill, and Lange (2012) showed that 

men assessed women‘s dance as more attractive in days of high fertility. Röder, Weege, 

Carbon, Shackelford, and Fink (2015) suggested that female dancers display greater variation 

in their waist and hip to draw men‘s attention to these body areas and their underlying 

qualities. In fact, Doyle (2009) reported a peak shift effect in male attractiveness perception of 

female bodies during movement due to alternating left and right waist and hips side. 

Men‘s emphasis on female physical attractiveness varies with mating context. Selection 

pressures may have increased these associations in short-term mating strategies. More 

precisely, men‘s preference for women‘s physical attractiveness (which cues to indirect 

quality) increased in short-term relationships, especially for features indicating women‘s 

health and fertility (Buss, 1989; Buss & Schmitt, 1993, 2019; Gangestad & Simpson, 2000). 

For instance, men showed higher preference for attractive, feminine faces as short-term mates 
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(Burris, Welling, & Puts, 2011). Similar results were found for women‘s feminine voices 

(Puts, Barndt, Welling, Dawood, & Burriss, 2011).  

In the case of long-term context, men prioritize traits like honesty, warmth, trustworthiness, 

fidelity, intelligence, and likeability (Buss & Schmitt, 1993, 2019; 

Fletcher, Tither, O‘Loughlin, Friesen, & Overall, 2004). Such traits are related to direct 

investment. Moreover, previous research indicates that women‘ feminine faces are also 

important for long-term relationships, because they might cue to fecundity 

(Grammer & Thornhill, 1994; Wagstaff, Sulikowski, & Burke, 2015). For example, when 

given a mutually exclusive choice, men exhibited a stronger preference to see women‘s face 

rather than their body (Confer, Perilloux, & Buss, 2010; Jing Lu & Chang, 2012). In 

accordance, Röder et al. (2015) found that movement harmony judgements predicted men‘s 

perception of the attractiveness of women‘s dance movements in the long-term context, 

because dance could indicate genetic resistance to developmental stressors. However, there 

are still few studies on men‘s preferences for female femininity-masculinity, and some of 

them showed a male preference for female masculinity in long-term relationships (Little, 

Cohen, Jones, & Belsky, 2007a; Pettijohn & Tesser, 2005).  

In summary, research indicates that physical femininity-masculinity influence human mate 

choices, however in a distinct way in accordance with the individual‘s sex and the sexual 

strategies. Women are more prone to choose indirect qualities (i.e. male masculinity) in short-

term context, and direct qualities (i.e. male femininity) in long-term context. Contrarily, men 

seem to pick female femininity in both cases, but for different reasons: especially, cues to 

health and fertility in short-term, and cues to parental investment and fecundity in long-term 

relationships (however, results in the opposite direction for long-term partners are also 

found).  

Nevertheless, indirect and direct investiments are not mutually exclusive and might happen 

simultaneously in the same individual. But Waynforth (2001) argues that it is more likely that 

women and men are prone to show either quality in a stronger intensity. Moreover, especially 

in the case of women, the most preferred mate is the one that display both traits, but it may 

not be possible for most individuals to secure such mate, hence leading to a trade-off between 

indirect and direct investments (Buss & Schmitt, 1993, 2019; Gangestad & Simpson, 

2000; Horgan et al., 2015; Little et al., 2002; Puts et al., 2012).  
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1.2.4 Multimodality of Femininity-Masculinity  

  

As shown before, sex hormones are one of the factors that influence distinct aspects of 

women and men and thus femininity-masculinity can be assessed through multiple traits. In 

fact, in the mating context, various species integrate information from multiple sensory 

modalities for production and perception of cues (Candolin, 2003; Higham & Hebets, 

2013; Hebets & Papaj, 2005; Iwasa & Pomiankowski, 1994; Partan & Marler, 1999). 

Assessing multiple cues of the same underlying mate quality may be adaptive if it aids in the 

selection of higher quality mates. Such multimodal information can be advantageous for both 

the producers and the perceivers. The former may efficiently advertise their own qualities, 

while the latter may increase the fidelity of the received information, reduce the efficacy of 

potentially dishonest cues, and obtain information in situations where only one of the sources 

is available (Candolin, 2003; Rowe, 1999).  

Firstly, multiple cues can comprise unimodal or multimodal information: the former is 

characterized by multicomponent cues to a single sensory modality, while the latter is the 

production of multicomponent cues to multiple sensory modalities (Rowe, 1999). Moreover, 

they characterize either redundant (also known as backup signals), or non-redundant messages 

(also known as multiple message). Redundant cues refer to multiple cues conveying similar 

information through different communication channels. Therefore, they can enhance the 

transmission of information to the recipient and elicit the same response, which reduces the 

probability of making inaccurate assessments of mate quality. On the other hand, the non-

redundant messages claim that different cues carry different information. Hence, they work 

independently and can modulate each other effect, or they can create a combination that 

transmits a difference message (Bro-Jørgensen, 2010; Johnstone, 1996, 

1997; Moller & Pomiankowski, 1993; Partan & Marler, 2005).  

Thus, this discussion raises two important issues: 1) do multiple cues affect both sexes 

similarly?, and 2) how can we differentiate redundant and non-redundant messages? Firstly, 

from the perceiver‘s perspective, it is expected that the sex with higher level of parental 

investment would be more attentive to mating cues of femininity-masculinity in a potential 

partner. As discussed previously, women and men tend to show extensive parental effort and 

thus both sexes are expected to use multiple sensory cues during mating context (Valentova, 

Varella, Havlíček, & Kleisner, 2017). Secondly, correlations between traits are considered as 

evidence of redundancy, whereas uncorrelated traits are considered as evidence of non-
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redundancy (Wells, Baguley, Sergeant, & Dunn, 2013; Wells, Dunn, Sergeant, & Davies, 

2009). 

Accordingly, several characteristics correlat among each other. For example, individuals 

were able to match unknown faces and voices, because ratings of facial femininity-

masculinity correlated with ratings of voices (Smith, Dunn, Baguley, & Stacey, 2016). More 

precisely, women with voices rated as feminine also had faces rated as feminine (Penton-

Voak et al., 2001), and third-party ratings of feminine female voices and faces correlated 

(Fraccaro et al., 2010). Finally, men preferred both women‘s feminine faces and voices 

(Fraccaro et al., 2010; O‘Connor, Fraccaro, Pisanski, Tigue, & Feinberg, 2013), and men‘s 

assessments of women‘s facial and vocal attractiveness also correlated (Collins & Missing, 

2003; Valentova et al., 2017).  

In the case of men‘s stimuli, previous studies found correlated preferences for men‘s 

masculinity among women who rated still images of faces and voices independently 

(Feinberg et al., 2008a; Feinberg, DeBruine, Jones, & Perrett, 2008b), and among women 

who rated dynamic video stimuli in which male faces and voices were simultaneously 

manipulated (O‘Connor et al., 2012). However, the association between men‘s vocal and 

facial attractiveness is not always supported (Lander, 2008; Saxton, Burriss, Murray, 

Rowland, & Roberts, 2009; Valentova et al., 2017; Wells et al., 2013). 

In summary, previous research indicated a positive correlation between ratings of facial 

and vocal femininity-masculinity and attractiveness; however, the said association was found 

in particular for women‘s stimuli. This suggests that female traits are evaluated 

simultaneously to improve information exchange in the context of mate choice. Contrarily, 

men‘s different characteristics can convey different information about the organism, and are 

thus not redundant. Nevertheless, despite the multimodal nature of masculinity and 

femininity, most current studies still focus on isolated cues (Wells et al., 2009), especially 

facial traits. Therefore, other channels of information are neglected (Groyecka et al., 2017; 

Roberts et al., 2011), like dance movements. In line with this reasoning, the current thesis 

examined traits of femininity-masculinity on faces, voices, and dance movements in both men 

and women. 

  

1.3 Influence of Pathogen Threat and Resource Scarcity  
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The current introduction has reviewed some aspects of the evolution of human mate 

choice. More precisely, it has been discussed how sexual strategies (i.e. short-term and long-

term relationships) may influence preferences for intrasexual variations in facial, vocal, and 

behavioral femininity-masculinity of a potential partner of the opposite sex. In the section 

below, we discuss how ecological variables, in particular pathogen threat and resource 

scarcity, can influence human sexual strategies. 

  

1.3.1 Environmental Threats and Sexual Strategies  

  

As previously mentioned, the variation in mating preferences occurs because human mind 

is a set of information-processing mechanisms, and at least some of those have been selected 

to solve adaptive problems throughout our evolutionary history (Cosmides & Tooby, 1997; 

Moura & Oliva, 2009; Tooby & Cosmides, 2015). These problems might have been partly 

posed by environmental constraints, which changed the dynamics of mate choice and 

preferences (Buss & Schmitt, 1993, 2019). Thus, mental mechanisms have allowed their 

owners to process this environmental information and modify behavior in accordance 

(Cosmides & Tooby, 1997; Tooby & Cosmides, 2015). 

Previous research showed evidence that human preferences vary in accordance with 

ecological factors, like conditions of high pathogen load (DeBruine et al., 2010a; Low, 1990; 

Marcinkowska et al., 2014; Nettle, 2009; Penton-Voak et al., 2004) and resource scarcity 

(Batres & Perrett, 2014; Nelson & Morrison, 2005; Penton-Voak et al., 2004; Pettijohn & 

Jungeberg, 2004; Pettijohn, Sacco, & Yerkes, 2009; Pettijohn & Tesser, 1999). This scenario 

causes a trade-off between indirect and direct benefits of femininity-masculinity for 

reproduction and parenting. 

Gangestad and Simpson (2000) argued that in environments where there is a high 

prevalence of pathogens, humans would emphasize traits cueing indirect benefits in a 

potential partner. Parasites are strong selective forces, because they evolve in response to their 

hosts‘ defenses, which can decrease the probability of offspring survival and eventual 

reproduction (Gangestad & Grebe, 2014; Gangestad & Simpson, 2000; Tybur & Gangestad, 

2011). Therefore, indirect investment into reproduction (e.g., genetic quality) might be 

essential to offspring survival. On the other hand, environments with low resource availability 

(e.g., food and water) increase the need for biparental care and commitment to the romantic 

partner, and thus generally humans would seek cues of direct investments into reproduction 
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(Gangestad & Simpson, 2000). Although it has some limits, this reasoning gained some 

empirical support. 

Following the hypotheses of human conditional mating strategies by Gangestad and 

Simpson (2000), previous studies examined the influence of pathogen threat and resource 

scarcity on mating preferences for femininity-masculinity. Firstly, authors have 

examined correlational studies. Women living in countries with high pathogen prevalence 

showed greater preference for masculine male faces (DeBruine et al., 2010a; Penton-Voak et 

al., 2004). Moreover, pathogen disgust predicted women‘s preference for masculinity in 

men‘s faces, voices, and bodies (DeBruine, Jones, Tybur, Lieberman, & Griskevicius, 2010b; 

Jones et al., 2013). Similar results were found for men‘s preferences for women‘s femininity 

(Lee et al., 2013), although few studies have been done. Finally, correlational studies have 

also demonstrated the association between resource scarcity and women's preferences for 

more feminine traits in a potential male partner of the opposite sex (Lee et al., 2013; Stewart, 

Stinnett, & Rosenfeld, 2000), though no research was found for men‘s preferences.  

  

1.3.2 Priming Experiments on Environmental Threats  

  

Priming experiments have been conducted to investigate the influence of pathogen threat 

and resource scarcity on human preferences for femininity-masculinity. Little et al. (2011a) 

presented cues of pathogens to men and women. Their work consisted of composite face 

images, i.e. facial images were averaged from several individual facial photographs of the 

same sex – therefore, the composite photos do not represent real individuals. The composite 

images were shown in pairs: one masculinized and one feminized version of the same 

composite face were shown and participants were asked to choose the most attractive image. 

After presenting a slideshow of images with cues to high pathogen prevalence, women 

preferred more masculine male faces, while men preferred more feminine female faces – no 

changes were observed for the evaluations of the same-sex faces.    

A similar design was used by Lee and Zietsch (2011). Three different questionnaires were 

applied as primes: 1) pathogen prevalence, 2) resource scarcity, and 3) irrelevant threat. After 

completing one of the surveys, women were requested to allocate a limited number of ‗mate 

dollars‘ to construct an ideal partner with traits of indirect benefits (e.g. intelligence, high 

social level) and/or direct benefits (e.g. emotionally warm, high earning potential). Women 

who were primed with cues of pathogen prevalence showed greater desire for traits indicative 
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of genetic quality, while those who were primed with cues of resource scarcity preferred 

features of parental quality.  

Watkins et al. (2012) also used priming questionnaires; however, they only used the 

questionnaires on pathogen prevalence and resource scarcity - having therefore no control 

condition. After answering one of the surveys, women rated pairs of faces – each pair 

consisting of one masculinized and one feminized version of a male face image – choosing 

the most attractive version. Women primed with pathogen threat preferred more masculine 

images than did women primed with resource scarcity. 

Some studies have shown variations in the method of creating cues of pathogen threat and 

resource scarcity and thus Lee and Zietsch (2015) decided to investigate whether experiment 

design could affect results. The researchers employed three distinct experiments. Firstly, 

women were requested to choose one of two composite male facial photos, which were 

manipulated on masculinity and femininity. Moreover, female raters and facial images 

consisted of young and old adults. As a result, the authors found that the association between 

female preference for masculinity and pathogen loaded environment was only found when 

young women rated young men. In the second study, the composite photographs of young 

men were manipulated using templates of older faces, while the opposite occurred with the 

composite images of older men. In this case, no association was found. Finally, in the third 

study, women evaluated natural faces varying in masculinity and age, and they rated the 

attractiveness of each image on a 100-point scale. Once again, no association between male 

masculinity and pathogen threat was found. Therefore, the researchers argued that the age of 

the stimuli and the experiment design might influence the results.  

Finally, Little et al. (2007a) asked participants to imagine themselves in a harsh or a safe 

environment. Then, volunteers were requested to choose the most attractive face as a short-

term or long-term partner between a pair of composite facial photos (varying in femininity-

masculinity). Results showed that women assessed feminized men as more attractive, while 

men preferred masculinized women for long-term relationships. Thus, this study raised doubts 

in men‘s preference for women‘s femininity for a long-term relationship in the context of 

resource scarcity.  

However, only a few studies have tested men‘s preference for female masculinity and the 

association between masculinized women and direct benefits. For instance, Cashdan (2008) 

argued that more masculine features would increase success in resource competition, 

because masculinized women are more competitive (Cashdan, 2003) and aggressive 

(Dabbs & Hargrove, 1997; Harris, Rushton, Hampson, & Jackson, 1996). Moreover, feminine 
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women were assessed as more likely to be unfaithful and pursue short-term relationships 

(Boothroyd et al., 2008). Therefore, more studies are needed to investigate this issue.  

In summary, previous studies examined the influence of pathogen threat and resource 

scarcity generally on women‘s mate preference. The exception was Little et al. (2011a), and 

Little et al. (2007a). However, the former only investigated cues of pathogen incidence (not 

resource scarcity), while the latter examined a general concept of environmental harshness. 

Moreover, the majority of studies used composite faces to test preferences for femininity-

masculinity, with exception of Lee and Zietsch (2015), who studied unmanipulated faces of 

men in their third experiment and found no association between women‘s preference for male 

masculinity and pathogen threat. Further, tests have mainly examined faces. Jones et al. 

(2013) are an exception, as they also studied men‘s voices and bodies; nevertheless, their aim 

was to study pathogen disgust and preferences for femininity-masculinity, and in this 

correlational design they found positive correlations between women‘s pathogen disgust and 

their preferences for masculinity in men‘s voices, faces and bodies. Finally, most studies have 

used the forced-choice paradigm, but Lee and Zietsch (2015) showed that the study design 

might influence the results. 

  

1.4 Aims of the Thesis  

  

Above we briefly outlined selected aspects of human sexual strategies. We focused on 

intrasexual variation in femininity-masculinity and how it could influence women‘s and 

men‘s preferences for a potential partner of the opposite sex. Moreover, we examined how 

external ecological factors, i.e. pathogen threat and resource scarcity, could modify human 

preferences for variation in femininity-masculinity. 

We also showed that there are some limitations in the current literature. Firstly, there is a 

lack of studies examining the association between self-perceptions and third-party perceptions 

of femininity-masculinity, as well as the relationships between subjective perceptions and 

objective measures of femininity-masculinity. Then, considering the third-party ratings, 

studies have also lacked to investigate whether a potential mate perceive the cues to 

femininity-masculinity concordantly across different channels of information. Finally, studies 

have not integrated the influence of environmental threats on women‘s and men‘s preferences 

for femininity-masculinity when searching for long-term and short-term partner of the 

opposite sex. 
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Moreover, there are some general limitations. Past research has usually focused on data 

collected among Americans, Canadians, Australians, and Western Europeans. In addition, 

studies have mainly used manipulated faces as stimuli, neglecting other channels of 

information, like voices and dance movements. Further, men‘s preferences for cues to 

femininity-masculinity in an opposite-sex partner have been poorly tested, as well as general 

conditional male mate preferences. Finally, there is a lack of discussion on the influence of 

study design on the current results. 

To address these limitations, we conducted a bigger research project and from these data 

we wrote three articles that are shown below. ‗3.1 Chapter one‘ addresses the association 

between subjective perceptions and objective measures of femininity-masculinity and 

attractiveness in faces, voices, and dance behavior. The second chapter (see ‗3.2 Chapter 

two‘) discusses the association between third-party ratings on facial, vocal, and behavioral 

femininity-masculinity. Finally, ‗3.3 Chapter three‘ examined the influence of pathogen threat 

and resource scarcity on preferences for femininity-masculinity in faces, voices, and dance 

movements in potential partners for short-term or long-term relationships. In the last study, 

third-party raters assessed the stimuli in a standalone rating design using unmanipulated 

stimuli. Importantly, the three studies were conducted among Brazilians. The three articles 

aimed to fill important gaps in the knowledge on underlying processes of human sexual 

strategies and mate preferences. 
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2 EMPIRICAL RESEARCH 

  

The data collection was divided into two parts, namely three pretests and one experiment. 

The pretests were carried out to test the effectiveness of the priming material (i.e. newspaper-

like articles), and choose facial, vocal, and behavioral stimuli according to femininity-

masculinity. More precisely, ‗pretest 1‘ was conducted to determine which photographs 

should be used in the articles, while ‗pretest 2‘ tested the newspaper-like articles. In both 

cases, it was examined whether the pictures and the articles were effective as primes. 

Moreover, ‗pretest 3‘ was carried out to select the five most feminine and the five most 

masculine facial images, voices, and dance movements of each sex. Finally, the experiment 

tested whether participants‘ preferences for femininity-masculinity were influenced by the 

priming conditions.   

The project was approved by the Institute of Psychology‘s Human Research Ethics 

Committee in April 2016. For the project approval letter, see Annex A. For a summary of the 

study design, see Table 1.  

  

Table 1 – Study design 

  
   Aims  Description  Survey date  

  

  

Pretest 1  

To choose images of pathogen 

threat and resource scarcity to 

be part of the newspaper-like 

articles on pathogen threat and 

resource scarcity.  

14 women and 7 men rated 15 photographs 

related to the Aedes aegypti mosquito and 15 

pictures associated to the economic crisis in 

Brazil. Six photographs (three related to the 

pathogen threat) were selected to be in the 

newspaper-like articles.  

   

From May 

7
th

 2016 to 

May 

15
th

 2016   

  

Pretest 2  

To test whether the 

newspaper-like articles are 

effective as primes.  

15 women and 10 men assessed the newspaper-

like articles on pathogen-priming condition, 

resource-priming condition and control 

condition.  

From May 

23
th

 2016 to 

June 2
nd

 2016   

  

  

Pretest 3  

To select the five most 

masculine and the five most 

feminine stimuli (faces, voices, 

and dances) of each sex.  

43 women and 21 men assessed facial 

photographs, vocal recordings, and dance 

videos of both sexes, according to perceived 

femininity-masculinity.  

From May 

17
th

 2017 to 

August 

28
th

 2017   

  

  

  

Experiment  

To examine whether pathogen 

threat and resource scarcity 

influence participants‘ 

preferences for femininity-

masculinity in long-term and 

short-term 

relationship contexts.  

(A) In the long-term context: 58 women and 45 

men were primed with ‗control + pathogen 

threat‘, while 46 women and 43 men were 

primed with ‗control + resource scarcity‘. (B) 

In the short-term context: 51 women and 33 

men were primed with ‗control + pathogen 

threat‘, while 51 women and 43 men were 

primed with ‗control + resource scarcity‘.  

   

From October 

30
th

 2017 to 

February 

16
th

 2018   

  

2.1 Description of the data collection  
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A more detailed description of the pretexts and the experiment is shown below. The current 

subsection contains further details on the methodology, since the academic journals impose 

word limitations for publication. Section 3 contains the scientific papers written with the data 

collected and that were submitted to publication.  

  

2.1.1 Pretest 1   

   

The main experiment of the current thesis is composed of three newspaper-like articles 

created by the PhD student, following previous methodologies (e.g. 

Hill, Rodeheffer, Griskevicius, Durante, & White, 2012). Hence, it was necessary to test 

whether the priming conditions would influence people‘s perceptions about pathogen threat 

and resource scarcity and thus two pretests were carried out.   

The first pretest was conducted to determine which pictures would be used as visual cues 

on the newspaper-like articles about pathogen threat and resource scarcity. Using a Google 

search, 30 images were selected: (a) 15 photographs represented the 

2015 Aedes aegypti epidemic in Brazil, and (b) 15 photographs showed the 2015 Brazilian 

economic crisis. All selected images can be found in ‗3.3 Chapter three‘.  

Emails were sent to the postgraduate students of the Department of Experimental 

Psychology at the Institute of Psychology, University of Sao Paulo, to request their 

participation in the study. The survey was carried out online using the Qualtrics platform 

(https://www.qualtrics.com/) and it possessed seven pages, including a Free Consent Term, 

some basic demographic questions, the priming images, and some rating scales. The Free 

Consent Term had a brief description of the aims, duration, information about Human 

Research Ethics Committee and the PhD student, and how volunteers could quit in any point. 

Moreover, participants had the possibility of downloading the Free Consent Term at the end 

of the survey, if they wanted. Moreover, the demographic questions were about sex, age, 

education, ethnic origin, sexual orientation, and monthly household income. The Free 

Consent Term and all the questions can be found in Appendix A.  

The images were divided into two blocks: 1) pathogen threat, containing the photos of 

the Aedes aegypti epidemic; and 2) resource scarcity, possessing the photos of the Brazilian 

economic crisis. Below each photograph, participants had to answer three questions on a 10-

point scale. The order of the questions was randomized twice by Qualtrics platform. Firstly, 

both blocks were randomized and thus some participants rated first the images about pathogen 
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threat, while others assessed photos about resource scarcity in the first place. Secondly, each 

block showed the images randomly.   

The survey was collected from May 7
th

 2016 to May 15
th

 2016, and it lasted around 20 

minutes. Twenty-one postgraduate students (14 women and seven men) completed the study. 

After the statistical analyses, three images about pathogen threat and three images about 

resource scarcity were selected to be on the newspaper-like articles. More details are found on 

‗3.3 Chapter three‘.  

   

2.1.2 Pretest 2   

  

The second pretest was designed to determine if the journal articles fitted properly as 

primes. Three articles were written containing the following features: (a) the first information 

was the headline, varying from eight to 11 words, and using font size 20; (b) the line below 

comprised the subheading, from 16 to 25 words, font size 12; (c) one picture were placed 

subsequently with a caption, varying from 12 to 17, using font size 9 – all those elements 

were shown in a single-column format. Then, the text was presented in a two-column format, 

on two pages and contained 700 words, using font size 12. On the second page, the two 

remaining photos were placed – the first one had a caption varying from 11 to 13 words, 

while the second, from eight to 15 words; but both using font size 9. The whole text used 

Times New Roman font. The three articles are shown in ‗3.3 Chapter three‘.  

One article was written to prime the pathogen threat condition and it consisted of 

information about the 2015 Aedes aegypti epidemic in Brazil. Information was collected 

online, from October 2015 to February 2016, on the main Brazilian newspapers using Google 

search. The search comprised information about the mosquito Aedes aegypti, Dengue 

fever, Zika Virus disease, and Chikungunya virus.   

The second article aimed to prime the resource scarcity condition. It contained information 

about the 2015 Brazilian economic crisis, including increasing unemployment rates, industry 

and trade deficit, and a decline in state educational investments. Information was collected 

online, from August 2015 to February 2016, using the same methodology described above.   

The last article was written to prime a control condition. For that reason, it included 

information on lions poisoned in a Kenyan Reserve on December 2015. The subject was 

chosen because it had no association with pathogen threat or resource scarcity. Nevertheless, 

it was also an emotional topic as the previous ones. Information was gathered using the same 
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methodology described above. The control article also contained three pictures that were 

related to the event; however, such photographs did not take part in ‗pretest 1‘.   

‗Pretest 2‘ was conducted in a similar way as ‗pretest 1‘ considering the online platform, 

Free Consent Term, and demographic questions. The survey was divided in three blocks. 

Each block consisted of one newspaper-like article and six questions on a 7-point scale. The 

six questions comprised the same ones presented in ‗pretest 1‘ about the pathogen threat and 

resource scarcity. Once again, the survey was randomized twice, i.e. the three blocks and the 

questions in each block were randomly showed. Such information is found in Appendix B.  

Twenty-five postgraduate students (15 women and 10 men) completed the survey, from 

May 23
th

 2016 to June 2
nd

 2016, and it lasted around 30 minutes. They were recruited at the 

University of Sao Paulo, campus of São Paulo city. Results indicated that the newspaper-like 

articles led people to perceive threats of pathogen and resource differently and thus they were 

used in the experiment as primes. For more details, see ‗3.3 Chapter three‘.   

   

2.1.3 Pretest 3  

  

After the pretests of the newspaper-like articles, the facial, vocal, and behavioral stimuli 

were chosen. Facial photographs, vocal recordings and dance videos were shown to third-

party raters to assess femininity-masculinity. The goal of ‗pretest 3‘ was to select the five 

most masculine and the five most feminine faces, voices, and dances of each sex among a 

previously collected sample.  

The stimuli were collected by Professor Jaroslava V. Valentova and Dr. Marco A. 

C. Varella in 2011, as part of an intercultural study on human mating strategies 

(see Havlíček et al., 2017; Valentova et al., 2017a; Varella et al., 2014).  Back then, 

MS. Kamila J. Pereira was an undergraduate student and she took part in the Brazilian sample 

collection. Participants were recruited at the University of Sao Paulo, campus of Sao Paulo 

city, mostly in the Institute of Psychology surrounds. They were informed about the basic 

aims of the study, and were invited into the laboratory. In the laboratory, volunteers received 

more information and signed a Free Consent Term. The whole procedure took around 60 

minutes. From the initial sample, 41 women and 38 men were selected to provide stimuli for 

‗pretest 3‘. Each volunteer was photographed and had their voices and dance movements 

recorded. More details about the procedure and participants can be found on Chapters 1, 2 and 

3.  
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The photographs consisted of frontal view faces of men and women. They were taken 

under standardized condition in a quiet room and by a single researcher 

(Professor Jaroslava Varella Valentova). The equipment used was a Canon EOS 350D (lenses 

Canon EF 50mm f/1.8) placed on a Velbon Sherpa 600R tripod. Participants worn 

standardized clothes (white T-shirts, and grey pants), and makeup remover and elastic bands 

were provided when needed. Finally, volunteers were requested to stand 1.5 meters away 

from the tripod/camera at a determined spot in front of a standardized grey 

background, and adopt a neutral facial expression. Moreover, to standardize the light 

conditions, two spotlights were used. Subsequently, using Photoshop CS5, each photo was 

placed on a neutral grey background (RGB 191, 191, 191), and were standardized for inter-

pupil distance and height of eyes (Valentova et al., 2017a).  

Then, dance recordings were made using the same clothes and background. Participants 

were requested to dance as naturally as possible on a rhythm played from a computer. The 

final recordings consisted of 10-seconds videos, in which faces were blurred to avoid any 

influence of facial features. For more details, see Chapters 1, 2 and 3.  

Vocal samples were recorded in the previous room by a single researcher (Dr. Marco A. 

C. Varella). Firstly, participants did a small vocal exercise to reduce stress and familiarize 

them with the recording procedure. Then, men and women repeated standardized sentences 

printed on a paper in Portuguese, namely ―Hi, my name is Pedro and I am from Belo 

Horizonte‖, and ―Hi, my name is Ana and I am from Belo Horizonte‖, respectively. The 

record was made with a digital voice recorder and vocal spectrograms were analyzed 

by Praat software (www.praat.org) (Valentova et al., 2017a).    

The stimuli were presented to third-party raters to assess perceived FM on a 100-point 

scale ranging from 0 (very feminine) to 100 (very masculine). Participants were recruited at 

the University of Sao Paulo, campus of Sao Paulo, and comprised 43 women and 21 men. An 

email was sent to the institutes requesting for propaganda among undergraduate and 

postgraduate students.   

‗Pretest 3‘ was conducted similarly to the previous ones regarding the platform, Free 

Consent Term, and demographic questions. After reading the Free Consent Term, participants 

were presented with one photograph, one vocal recording, and one dance video to test 

whether their computer system would show the stimuli properly. Afterwards, faces, voices, 

and dance movements were divided into three distinct blocks, respectively, in a way that 

volunteers assessed each type of stimuli separately. The three blocks were presented in a 

random order, as well as the stimuli inside each block. The Free Consent Term and all the 
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questions can be found in Appendix C. The survey was collected from May 17
th

 2017 to 

August 28
th

 2017, possessed ten pages, and lasted around 80 minutes.  

An average score was calculated and analyzed for each stimulus. No statistical difference 

was found among items and thus the five most feminine and the five most masculine stimuli 

where chosen for each sex (20 facial photographs, 20 vocal recordings, and 20 dance videos 

in total). The choice was also conducted to create homogeneous stimuli and thus avoiding 

some confounding variables: distinct ethnicity, voice pitch, and abnormal dance movements 

were left out. Therefore, we excluded photographs of Asian and Black people, one women‘s 

voice that was too deep in comparison to the other masculine female voices, and dancers who 

turn their backs to the camera.  

  

2.1.4 Experiment  

   

 The newspaper-like articles and the chosen stimuli of faces, voices, and dance behavior 

comprised the main experiment of the current thesis. Three hundred seventy individuals (206 

women and 164 men) were recruited online among public and private universities across the 

state of Sao Paulo to examine the influence of pathogen threat and resource scarcity on the 

preference for femininity-masculinity. The sampling strategy involved a multi-modal 

approach: 1) emails were sent to the institutes requesting for propaganda among students; 2) 

messages were spread among the universities‘ Facebook groups; and 3) via snowball 

sampling.  

The experiment was carried out similarly as previous pretests regarding the online 

platform, Free Consent Term, and demographic questions. After reading the Free Consent 

Term, similarly to ‗pretest 3‘ volunteers saw one photograph, one vocal recording, and one 

dance video to check whether their computer system would show the stimuli properly. 

Afterwards, participants were randomly assigned to either short-term or long-term context. In 

the former, they were requested to assess the attractiveness of each stimulus as a potential 

short-term partner (e.g. one-night stand, uncommitted relationship). In the latter, the stimulus 

should be assessed as a potential long-term partner (e.g. dating, engagement, or marriage). 

Finally, in both cases, volunteers were asked to make the assessment according to first 

impressions caused by the stimuli.  

Participants were, then, randomly assigned to either the pathogen-priming or resource-

priming condition. In both cases, they were exposed to the control condition as well. 
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Moreover, conditions were shown randomly. After reading one of the newspaper-like articles, 

volunteers assessed stimuli of the opposite sex (picked on ‗pretest 3‘) according to 

attractiveness on a 100-point scale. Finally, at the end of the survey, additional explanations 

on the purpose of the experiment were provided for participants, as requested by the Ethics 

Committee.   

The whole experiment lasted around 40 minutes and it happened from October 

30
th

 2017 to February 16
th

 2018. The Free Consent Term and all the questions can be found in 

Appendix D. More details are found in ‗3.3 Chapter three‘.  
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3 CHAPTERS  

  

The pretexts and the experiment were written as three scientific articles and they have 

been submitted to three international journals. The articles are shown below 

as Chapter 1, Chapter 2, and Chapter 3. ‗3.1 Chapter one‘ comprised the article on the 

association between subjective perceptions and objective measures of femininity-masculinity 

and attractiveness. It was submitted to Personality and Individual Differences in February 

2019 and named ‗Femininity-masculinity and attractiveness – associations between self-

ratings, third-party ratings and objective measures‘. For submission details see Annex B. The 

second chapter consisted of the article called ‗Positive association between facial and vocal 

femininity/masculinity in women but not in men‘. It was submitted to Behavioural Processes 

in April 2018 and it examined if women‘s and men‘s femininity-masculinity is concordantly 

perceived by third-party raters from faces, voices, and dance movements. Submission details 

are provided in Annex C. Lastly, ‗3.3 Chapter three‘ comprised the scientific paper about the 

influence of pathogen threat and resource scarcity on women‘s and men‘s preferences for 

femininity-masculinity in potential long-term and short-term partners of the opposite sex. It 

was submitted to Evolution and Human Behavior in February 2019 and named ‗The influence 

of resource scarcity on multimodal preference in long-term, but not pathogen threat in short-

term relationships‘. See Annex D for submission details.  

   

3.1 Chapter one  

 

Femininity-masculinity and attractiveness – associations between self-ratings, third-party 

ratings and objective measures 

 

3.1.1 Introduction 

 

Perception of human attractiveness has been shaped by both culture and evolution.  

Attractiveness thus provides cues to both social and reproductive qualities of possible mates 

(Cunningham, Barbee, & Philhower, 2002).  Alexander (1979) suggested that self-awareness 

in humans evolved as a way to compare ourselves with potential reproductive rivals. The 

accurate assessment of a potential mate‘s quality and one‘s self-perceived mate value would 

help avoid wasting resources on valuable mates one could not attain, or on less valuable mates 
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who would reduce one‘s reproductive success (Miller, 2000; Regan, 1998a). Thus, potential 

reproductive success depends on accurate calibration of self- and other-perception. In line 

with this reasoning, we can expect that people perceive their own attractiveness and other 

evolutionary relevant characteristics in accordance with other people‘s judgments.   

Previous research mostly used either self-rated or other-rated attractiveness, but 

studies rarely examined the association between self-perceptions and third-party perceptions. 

For example, in women, some research found that self-rated and other-rated attractiveness 

correlate positively (Weeden & Sabini, 2007), but other studies reported a negative (Clark, 

2004) or non-significant correlation (Mulford, Orbell, Shatto, & Stockard, 1998). Further, 

some studies showed that self-rated and other-rated attractiveness are differently related to 

objective predictors of attractiveness. For example, female self-perceived facial attractiveness 

was predicted by BMI and fluctuating asymmetry, while female facial attractiveness rated by 

men was predicted more by maturity (Muñoz-Reyes, Iglesias-Julios, Pita, & Turiegano, 

2015). Thus, both measurements of attractiveness are, at least to some degree, dissociated, 

and more studies are needed to investigate these associations. Further, studies have mostly 

examined the association between self-ratings and other-ratings of facial appearance (e.g., 

Muñoz-Reyes et al., 2015), overlooking other domains, e.g. voice, body, or behavior. 

Similarly, associations between self- and other-perceived evolutionary relevant characteristics 

other than attractiveness, such as femininity-masculinity, health, or social status, should be 

explored more.  

In particular, feminine and masculine (FM) characteristics influence preferences for 

potential mates. Physical traits indicating exposure to sex hormones cue to fertility, 

reproductive value, and health and thus are relevant for assessing mate qualities (Jasieńska et 

al., 2004; O‘Connor et al., 2013). Indeed, women‘s femininity is usually perceived as 

attractive (Rhodes, 2006). In contrast, there appears to be a trade-off between benefits 

associated with male masculinity and cost related to perceived aggression (Carré & 

McCormick, 2008) and lower parental investment (Mascaro et al., 2013).  This can explain 

the mixed results for preferences of men's masculinity (e.g., DeBruine et al., 2006; Valentova, 

Roberts, & Havlíček, 2013). 

However, studies use different methods to measure FM, including objective 

measurements (e.g., facial morphology, voice pitch, and body circumferences), ratings by 

others, or self-ratings. Thus, to analyze whether others accurately assess self-evaluations and 
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whether perceived appraisals accurately reflect objective measures, it is important to test the 

association between self-rated, other-rated, and objectively measured FM in both men and 

women.  

 

3.1.1.1. Aims 

 

In this study, we examined possible associations between subjective perceptions (i.e., 

self-ratings and other-ratings) and measures of facial, vocal, and behavioral attractiveness and 

femininity-masculinity. We tested whether self-reports correlated with third-party ratings and 

whether subjective perceptions of faces, voices, and dance videos correlated respectively 

with: (a) facial sexual shape dimorphism, (b) vocal fundamental frequency, and (c) dance 

movements. 

 

3.1.2 Material and methods 

 

3.1.2.1 Participants 

 

The target sample consisted of 41 women (mean age = 24.0 years, SD = 5.05, range 

18-35) and 38 men (mean age = 23.6 years, SD = 3.28, range 19-32). Participants were 

Brazilian heterosexual students, comprising undergraduates (76.0%), postgraduates (20.2%), 

and postdocs (3.8%); 74.7% rated themselves as white, 17.7% as mixed race, 5.1% as black, 

with no response from 2.5%. 

 

3.1.2.2 Procedure 

 

Participants were approached and invited to the laboratory, or came after reading 

information sheet spread around the Sao Paulo campus of the University of Sao Paulo. They 

read and signed a consent form and then had their faces photographed, voices recorded and 

dance movements videotaped. Volunteers wore standardized white T–shirts and light grey 

trousers. Makeup and accessories were removed, and hair bands were provided when needed. 
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No financial reward was given. The IRB of the Institute of Psychology at the University of 

Sao Paulo (Nr 53719416.5.0000.5561) approved the experiment. 

 

3.1.2.3 Objective measures 

 

Photographs and recordings, were taken under standardized conditions, for details, see 

(Valentova et al., 2017a). For the rating session, images consisted of frontal facial 

photographs placed on a neutral grey background using Photoshop, and voices consisted of 

the following sentence read by participants in Portuguese ―Hi, my name is Ana/Pedro and I 

am from Belo Horizonte‖ – ―Ana‖ for all women, and ―Pedro‖ for all men.  

Behavior recordings consisted of participants dancing to a standard rhythm (130 beats 

per minute), which was generated using an automatic random rhythmic generator in 

Max/Msp. Participants danced for around 40 seconds in a 1 m
2
 space in front of a 

standardized grey background. Videos were recorded on a JVC Everio digital video camera 

placed on a Velbon Sherpa 600R tripod, which were located 2.5 meters in front of the 

participants.  

Each video was digitally edited using Videomux software. Firstly, any sound was 

excluded, videos were converted to black and white, and contrast was increased. For the 

rating session, we extracted a 10 second-video from the original 40 second-footage using the 

middle part to avoid some confounding variables (e.g. standstill, anxiety in the beginning, and 

tiredness in the end). Finally, Adobe Premiere Pro CC was used to cover participants‘ faces, 

but leaving head movements and position still recognizable. Part of pixelated layer (i.e. mask) 

with Mosaic effect was inserted on top of original video layer and mask tracking and frame-

by-frame manual correction was carefully positioned, so that the whole face and a majority of 

hair was pixelated and indistinguishable. Mask feather (i.e. the strength of the effect) was set 

on value 16. By using this mosaic density, participants‘ faces were blurred. 

 

3.1.2.4 Subjective perceptions 

 

The subjective perceptions consisted of self-ratings and other-ratings of attractiveness 

and femininity-masculinity (FM). Target participants were asked to rate attractiveness and 
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FM of their own faces, voices, and behavior on a 7-point scale (1 = very feminine/not at all 

attractive; 7 = very masculine/very attractive). 

Then, targets‘ photographs, vocal recordings, and dance videos were assessed on a 

100-point scale (0 = very feminine; 100 = very masculine) by 43 women (mean age = 24.1 

years, SD = 4.56, range 18-34) and 21 men (23.9 years, SD = 4.62, range 18-34).  Further, 28 

women (mean age = 23.8 years, SD = 3.8, range 18-34) and 23 men (mean age = 23.6 years, 

SD = 3.56, range 18-30) rated attractiveness of the opposite-sex stimuli on a 7-point scale (0 = 

not at all attractive; 7 = very attractive). 

Third-party raters were unrelated to the target participants. Raters of FM were mostly 

students of the University of Sao Paulo recruited by email. Data were collected online via 

Qualtrics software, version 2017.  Raters of attractiveness were recruited personally at the 

University of Brasilia, and they completed their ratings in the lab. In both cases, the stimuli 

were shown in three blocks (i.e., blocks of faces, voices, and dances separately). Each block 

and the stimuli were presented randomly.  

Raters of FM assessed stimuli of both sexes. Spearman test indicated a strong 

correlation between women‘s and men‘s ratings of all stimuli (all ρ‘s ≥ 0.85, all p‘s < 0.001), 

and thus the mean scores of FM for each target across all raters were used for analysis. 

Finally, Cronbach‘s alphas of FM ratings were high for facial (α = 0.78), vocal (α = 0.83) and 

behavioral (α = 0.89) ratings. Similarly, Cronbach‘s alphas of attractiveness ratings were high 

for facial (female raters‘ α = 0.93, male raters‘ α = 0.96), vocal (female raters‘ α = 0.94, male 

raters‘ α = 0.87) and behavioral (female raters‘ α = 0.90, male raters‘ α = 0.96) ratings. 

 

3.1.3 Analyses 

 

3.1.3.1 Bivariate correlations 

 

Data were analyzed with SPSS 21.0. A Shapiro-Wilks test indicated that some 

variables violated the normality assumption of distribution and thus Kendall rank correlation 

was chosen. First, we analyzed the association between age and all the variables. We only 

found a positive correlation between women‘s age and femininity of dance (τb = .246, p = 

.04) and thus age did not enter into the subsequent analyses. 
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We defined 72 landmarks on each facial portrait using tpsDig2 software (Version 

2.31). The definition of landmarks (including 36 semilandmarks) was adopted from our 

previous studies (Danel, Dziedzic-Danel, & Kleisner, 2016; Danel et al., 2018). Landmark 

configurations were subsequently superimposed by Generalized Procrustes Analysis (GPA) 

using the ―gpagen‖ function within Geomorph package in R (Adams & Otárola-Castillo, 

2013). The positions of semilandmarks were optimized by an algorithm based on minimizing 

the bending energy. To measure the individual degree of development of sexually dimorphic 

traits in the human face, i.e. Facial Sexual Shape Dimorphism (FSShD), we calculated 

average facial configuration separately for faces of men and women. Subsequently we 

projected all individual faces on an axis connecting male and female average facial shape. The 

projections of all faces on this axis are represented as one-dimensional scores and used as an 

objective measure of individual degree of facial sexual dimorphism (Mitteroecker, 

Windhager, Müller, & Schaefer, 2015; Komori, Kawamura, & Ishihara, 2011; Valenzano, 

Mennucci, Tartarelli, & Cellerino, 2006). Higher positive FSShD scores indicate increasing 

maleness whereas higher negative scores imply increasing femaleness. 

 

3.1.3.2 Vocal analyses 

 

All voice samples were analyzed using Praat software. The average fundamental 

frequency (F0) was measured using Praat‘s autocorrelation algorithm with parameters set to a 

pitch floor of 75 Hz and a pitch ceiling of 300 Hz for men, and a pitch floor of 100 Hz and a 

pitch ceiling of 500 Hz for women, with all other values set to default. The F0 ranged from 92 

to 177 Hz in men (mean 125 Hz), and from 177 to 253 Hz in women (mean 209 Hz).   

 

3.1.3.3 Behavioral analysis 

 

Shoulders and hip movements were analyzed through Interact software (Version 

16.0.0), because higher hip movements are associated with female sex-typicality, and higher 

shoulders movements, to male sex-typicality (Johnson, Gill, Reichman, & Tassinary, 2007). 

Video analysis was performed in two stages using an ethogram composed of two types of 

body movements, and three levels of intensity (see Table 2).  
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Table 2. Ethogram of hip and shoulders movements. 

  Body Movements 

  Shoulders Hip 

 

 

 

Intensity 

Low Little lateral motion, and little or no front-

back motion combined with up-down motion 

Little or no lateral motion combined 

with no up-down motion or front-back 

motion 

Medium Higher degree of lateral motion, and a 

medium degree of front-back motion 

combined with up-down motion 

Lateral motion combined with 

longitudinal motion, but no front-back 

motion 

High Higher degree of lateral motion, and a high 

degree of front-back motion combined with 

up-down motion 

Three-dimensional motion 

 

 

First, two evaluators of both sexes observed eight videos (four videos of women 

dancing) according to the ethogram. The duration of shoulders and hip movements was 

computed separately in seconds, and the intensity of body movements was computed on a 3-

point scale (0 = low; 3 = high). Then, duration was multiplied by intensity to generate one 

single score, and the results were analyzed through Lin‘s Concordance correlation coefficient. 

After reaching a moderate agreement (hip‘s ρc = 0.68; shoulders‘ ρc = 0.73) between the 

evaluators‘ responses, the male evaluator observed and coded the remaining videos. Finally, 

for each participant, the final score of hip movement was subtracted from the final score of 

shoulders movements and thus positive results indicate a masculine pattern of dance, while 

negative results suggest a feminine pattern of dance. 

 

3.1.2. Results  

 

Table 3. Kendall correlations between self-rated, other-rated, and measured facial femininity-masculinity and 

attractiveness. Correlations for women‘s subsample are reported above diagonal and for men‘s subsample below 

diagonal. 

 Self-rated FM Other-rated FM Facial shape 

FM 

Self-rated 

ATTR 

Other-rated 

ATTR 

Self-rated FM  .143 .049 -.250 -.143 

Other-rated FM .481**  .255* -.016 -.590** 

Facial shape 

FM 

.073 0.70  -.003 -.210 

Self-rated 

ATTR 

-.097 -.051 .091  .041 

Other-rated 

ATTR 

-.064 .029 .069 .162  

Note. FM = femininity-masculinity. ATTR = attractiveness. * = p < .05. ** = p < .01 
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As shown in Tables 3, 4, and 5, men‘s self-rated facial and vocal masculinity are 

positively correlated with other-rated masculinity, while no such association is found in 

women. In women, facial, vocal, and behavioral other-rated femininity were correlated with 

other-rated attractiveness and only other-rated femininity was correlated with feminine facial 

and vocal measures. Moreover, women‘s self-reports of vocal femininity were associated with 

self-reported attractiveness. In men, self- and other-ratings of vocal masculinity were 

associated with low fundamental frequency and other-rated attractiveness, and only other-

ratings of vocal masculinity were correlated with self-rated attractiveness. Finally, vocal and 

behavioral self-rated attractiveness were associated with other-rated attractiveness. 

 

Table 4. Kendall correlations between self-rated, other-rated and measured vocal femininity-masculinity and 

attractiveness. Correlations for women‘s subsample are reported above diagonal and for men‘s subsample below 

diagonal. 

 Self-rated FM Other-rated FM F0 Self-rated 

ATTR 

Other-rated 

ATTR 

Self-rated FM  .194 -.168 -.289* .028 

Other-rated FM .343**  -.380** .074 -.393** 

F0 -.436** -.280*  .030 -.023 

Self-rated 

ATTR 

.051 .312* .151  -.102 

Other-rated 

ATTR 

.244* .676** -.184 .308*  

Note. FM = femininity-masculinity. ATTR = attractiveness. F0 = vocal fundamental frequency. * = p < .05. ** = 

p < .01 

 

3.1.3 Discussion 

 

Table 5. Kendall correlations between self-rated, other-rated and measured behavioral femininity-masculinity 

and attractiveness. Correlations for women‘s subsample are reported above diagonal and for men‘s subsample 

below diagonal. 

 Self-rated FM Other-rated FM Dance FM Self-rated 

ATTR 

Other-rated 

ATTR 

Self-rated FM  .080 -.140 -.086 -.066 

Other-rated FM .110  .049 -.024 -.482** 

Dance FM -.125 -.208  .000 -.076 

Self-rated 

ATTR 

.200 -.030 .021  -.003 

Other-rated 

ATTR 

-.032 .128 .039 .261*  

Note. FM = femininity-masculinity. ATTR = attractiveness. Dance FM = femininity-masculinity obtained from 

ethogram of dance videos. * = p < .05. ** = p < .01 

 

The current study examined the association between self-rated and other-rated 

attractiveness and femininity-masculinity (FM), and objectively measured FM in three 
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domains: faces, voices, and non-verbal behavior (dance). Other-ratings on women's facial and 

vocal femininity were associated with facial sexual shape dimorphism and high fundamental 

frequency, respectively. Further, in women other- and self-rated femininity in all three 

domains were mostly associated with other- and self-rated attractiveness. However, no 

women‘s self-ratings correlated with other-ratings or measured FM in any of the domains. In 

contrast, men‘s self-ratings and other-ratings were mostly in accordance. Moreover, self-rated 

vocal masculinity in men was associated with low voice pitch and with other-rated 

attractiveness.  

Self-rated attractiveness and sex typicality significantly influence decision making in 

several contexts, including mate preferences (e.g. Vukovic et al., 2008). Such self-concepts 

are susceptible to social pressures and comparisons, particularly among women (Ben Hamida, 

Mineka, & Bailey, 1998; Little & Mannion, 2006). Indeed, we did not find any statistically 

significant correlation between self- and other-rated FM and attractiveness among women, 

while in men self- and other-rated facial and vocal FM were correlated. Moreover, self- and 

other-rated attractiveness were not associated either in men or women; the exception being 

men‘s voices.  

In line with previous studies, we showed that women‘s self-perceived and third-party 

rated attractiveness are, in least in part, independent variables (Feingold, 1992; Muñoz-Reyes 

et al., 2015), and we expanded these findings to the ratings of FM and vocal and behavioral 

(dance) stimuli. This finding has implications for theoretical concepts and research on 

attractiveness and FM in women. Studies systematically show that people agree on what is 

attractive and what is not, in particular when judging facial appearance (e.g. Chatterjee, 

Thomas, Smith, & Aguirre, 2009). As we showed, women‘s FM rated by others is more 

connected to objective measures, but self-ratings seem to be independent. It was shown that 

attractiveness applied to self is flexible and can be altered rapidly by context (e.g. Little & 

Mannion, 2006). The influence of social environment on women‘s self-image (Ben Hamida et 

al., 1998; Little & Mannion, 2006) can explain the lack of association between self-

assessments and objective physical measures of faces and voices. Therefore, female self- and 

other-perceived attractiveness or FM should not be used interchangeably in research. 

In contrast, other-ratings of women‘s facial and vocal FM were associated with 

objective measures and other-ratings of attractiveness. This is in line with previous research 

(Rhodes, 2006), suggesting that feminine physical traits can provide cues to reproductive 

value and health (Jasieńska et al., 2004; O‘Connor et al., 2013). Interestingly, we found no 
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correlation between other-ratings of female attractiveness and objective measures of FM. 

Thus, although perceived female femininity is associated with attractiveness and with 

objective measures of femininity, attractiveness is not linked to objective measures of 

femininity. It seems that components, such as skin quality, eye color, maturity, adiposity, 

voice timber, or any other trait that is not directly connected to femininity contribute to female 

attractiveness. Sadly, these were not explored in this study.  

In men, despite self- and other-rated FM of faces and voices being positively 

associated, only voice pitch was positively correlated with both subjective perceptions of 

vocal masculinity. First, other factors, such as symmetry (Mogilski & Welling, 2017) and the 

amount of facial hair (e.g. Valentova, Varella, Bártová, Štěrbová, & Dixson, 2017b), could 

have influenced third-party ratings of male faces.  This could explain the lack of association 

between subjective perceptions of facial FM and facial shape. On the other hand, previous 

studies suggested that men‘s voices provide cues to dominance (Rezlescu et al., 2015), which 

is relevant for men‘s mate value (Ben Hamida et al., 1998) and it thus explains the association 

between subjective perceptions of masculinity and masculine (i.e. low) voice pitch. Further, 

ancestral men faced stronger intrasexual competition (Puts, 2010), and they would thus 

benefit from having a more realistic self-perception regarding masculinity in order to avoid 

disadvantageous conflicts compared to women.  

Interestingly, although men with lower voice pitch were perceived as more masculine, 

men‘s attractiveness did not correlate with voice pitch (see Namibian sample in Šebesta et al., 

2017). Male masculinity is associated with indirect investments into reproduction (health, 

genetic quality), but also with aggressiveness (Carré & McCormick, 2008). Therefore, women 

face a trade-off between masculine and feminine male traits (reviewed in Buss & Schmitt, 

2019), which could explain the lack of association between masculinity and attractiveness.  

For dance movements, subjective perceptions of FM and attractiveness did not 

correlate with the behavioral analysis of hip and shoulders movements, and we were thus not 

able to replicate the association between body movements and the perception of FM reported 

earlier (Troje, 2003). Nevertheless, previous studies showed that static measures of bodies are 

correlated with the subjective perception of FM, such as the BMI, waist-to-hip ratios, and 

breast size (Brooks, Shelly, Jordan, & Dixson, 2015; Havlíček et al., 2017; Swami & Tovée, 

2005) and thus such features could influence raters‘ assessments and explain the association 

between men‘s self- and other-rated attractiveness. Moreover, since dance is a complex and 

universal set of rhythmic body movements influenced by culture (Niemitz, 2010; Weege, 
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Lange, & Fink, 2012), we can speculate that it develops via distinct processes than facial and 

vocal physiology and morphology, which could also explain the association between men's 

self- and other-rated attractiveness. 

Present study had some limitations. First, dances were recorded in an unnatural 

situation, which could have influenced participants‘ spontaneous behavior. Moreover, we did 

not test for variables which might have influenced self-ratings of FM or attractiveness, such as 

relationship context or experiment design (Chen, Jiang, Fan, Yang, & Ren, 2018). Finally, our 

samples were not diverse, as most of our participants were students from a middle economic 

class who considered themselves white (Henrich, Heine, & Norenzayan, 2010) and thus a 

more representative Brazilian sample should be explored to support the existing results. 

However, accessing this Brazilian sample of men and women to examine FM and 

attractiveness through distinct channels of information (faces, voices, and dance movements) 

are novelties that broaden the scope of the literature.  

To sum up, in general men and third-party raters assessed men‘s femininity-

masculinity and attractiveness concordantly, and voice pitch was associated with subjective 

perceptions of vocal FM.  In women, there was no association between self-ratings and 

ratings by others, or between self-ratings and objective measures of femininity-masculinity. 

Thus, self-perception and other-ratings probably follow different cues in women and different 

methods used to measure female attractiveness should reflect upon this discrepancy. 

  

3.2 Chapter two  

  

Positive association between facial and vocal femininity/masculinity in women but not in 

men  

  

3.2.1 Introduction  

  

Animals communicate with intraspecific and interspecific individuals in distinct 

contexts, such as parental care (e.g. Redondo & Castro, 1992), predator deterrence 

(e.g. Zuberbühler, & Jenny, 1999), and mate choice (e.g. Lardner & Bin Lakim, 2002; 

Sweeney, Jiggins, & Johnsen, 2003). Some characteristics, such as sex dimorphic traits, can 

cue to the producers‘ health, fertility, hormonal status and/or other qualities (Gallup & 
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Frederick, 2010). Humans are sexually dimorphic in several aspects (see, Puts, 2016), such as 

in facial and vocal characteristics (Puts et al., 2012), and behavior (Berenbaum & Beltz, 

2011). Among other factors, levels of reproductive hormones influence development of 

feminine and masculine traits (e.g. Feinberg, 2008), thus affecting communication. For 

instance, estrogen is associated with higher vocal pitch (Raj, Gupta, Chowdhury, & Chadha, 

2010), facial feminine features (Law Smith et al., 2006), and maternal behavior (Law Smith et 

al., 2012). Testosterone is linked to lower vocal fundamental frequency (Evans, Neave, 

Wakelin, & Hamilton, 2008), masculine facial characteristics (Penton-Voak & Chen, 2004), 

and aggressive behavior (Batrinos, 2012).   

Masculine and feminine traits that coevolved with perceptual propensities of potential 

mates are important cues in the mate choice process. Indeed, men find more attractive sex 

hormone-dependent characteristics of female body and behavior, such as feminine faces 

(Moore, Law Smith, Taylor, & Perrett, 2011; Perrett et al., 1998; Rhodes et al., 2003), voices 

(Apicella & Feinberg, 2009; Puts et al., 2011; Re, O‘Connor, Bennett, & Feinberg, 2012), and 

dance (Röder et al, 2016). However, studies are inconsistent about women‘s preferences for 

male masculinity (e.g. DeBruine et al., 2006; Fink & Penton-Voak, 2002; Re et al., 2012; 

Rhodes, Hickford, & Jeffery, 2000; Stephen et al., 2012).  

In real life context, usually the traits are not evaluated separately, but rather 

holistically using multimodal information that can improve information exchange. In women, 

perception of distinct sensory cues (e.g. faces and voices) is intercorrelated, thus, different 

modalities seem to carry concordant information about fertility and genetic quality (e.g. 

Collins & Missing, 2003; Fraccaro et al., 2010; Wheatley et al., 2014). Again, mixed results 

were found for intercorrelation of perception of male stimuli (Feinberg et al., 2008a; 

Little, Connely, Feinberg, Jones, & Roberts, 2011b; Valentova et al., 2017a). Despite the 

multimodal nature of masculinity and femininity in humans, most of the current research still 

focuses on isolated cues, e.g. either faces or voices (for a review, see Wells et al., 2009). 

Thus, more research on perceptions from multiple channels of information is needed.   

Further, most research has studied facial traits, neglecting other channels of 

information, such as voice and odor (for further discussion, see Groyecka et al., 2017). 

Moreover, body movements, such as dance or gait, have been rarely studied in the mate 

choice context (Fink, Weege, Neave, Pham, & Shackelford, 2015), despite dance behavior 

being an important part of courtship in many human societies. To the best of our knowledge, 

no study yet has tested a possible correlation between perception of faces, voices and dance 

movements. Finally, studies have usually analyzed samples from the USA and Europe. 
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However, some cultural differences have been found regarding the sensory preference 

(e.g. Havlíček et al., 2008; Marcinkowska et al., 2014; Scott et al., 2014), thus showing the 

necessity of studies from different localities and cross-cultural research.  

  

3.2.1.1. Aims  

  

In the current study, we tested whether femininity-masculinity (FM) is concordantly 

perceived from faces, voices, and dance behavior in a sample of Brazilian women and men. 

We hypothesized that, at least in women, perceived FM of faces, voices and behavior would 

be intercorrelated.  

  

3.2.2. Material and methods  

  

Sixty women and 56 men were recruited at the University of Sao Paulo, Brazil. Those 

who identified themselves as bisexual and homosexual (3-6 on Kinsey scale) were excluded 

as they possess slightly distinct morphology and behavior (Johnson et al., 

2007; Valentova, Rieger, Havlíček, Linsenmeier, & Bailey, 2011; Valentova, Kleisner, 

Havlíček, & Neustupa, 2014; Wang & Kosinski, 2018). Moreover, one foreign student, and 

participants who did not complete the survey were also excluded. The final sample consisted 

of 38 men (age M = 23.55, SD = 3.28) and 41 women (age M = 24.00, SD = 5.05). Self-

reports indicated that most participants were undergraduates (70.9%) and white (74.7%). 

Mann-Whitney U test showed no significant age difference between sexes (U = 790, p = 

0.76).  

  

3.2.2.1. Procedure  

  

Participants were informed about general aims of the study and invited to the laboratory. 

Subsequently, they read and signed a consent form. The procedure was part of a larger 

intercultural study on human mating strategies (for other details, see Havlíček et al., 

2017; Valentova et al., 2017a; Varella et al., 2014), and lasted 40-60 minutes. The experiment 

consisted of a set of questionnaires, basic body measurements, standardized facial 

photographs, and vocal and dance recordings. Participants were asked to wear standardized 

white T–shirt and grey trousers in three sizes, and were given privacy to change their clothes. 
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Makeup was removed, and hair band was provided when needed. No financial reward was 

given. The IRB of University of Sao Paulo (Nr. 53719416.5.0000.5561) and Charles 

University (Nr. 2011/7) approved the experiment.  

  

3.2.2.2. Photographs and recordings  

  

A standardized photographic equipment, camera distance, light, background, and 

clothes were used for facial photographs and video recordings. Participants were instructed to 

adopt a neutral facial expression for the facial pictures. Subsequently, using Photoshop 

software each photograph was placed on a neutral grey background (Valentova et al., 2017a). 

For videos, participants were instructed to dance as naturally as possible under a standard 

simple rhythm (130 beats per minute) that was synthesized using an automatic random 

rhythmic generator in Max/Msp. Each video comprised 40 seconds, but only ten seconds of 

the middle part of the recordings were used for the rating session. Each video was cut and 

digitally edited using Videomux software, so that black and white videos with higher contrast 

were obtained. Finally, faces were covered (blurred) using Adobe Premiere Pro CC. Voices 

were recorded in a quiet room and participants were instructed to repeat the following 

sentence in Portuguese ―Hi, my name is Pedro/Ana and I am from Belo Horizonte‖ – ‗Pedro‘ 

for all men, and ‗Ana‘ for all women (for details see, Valentova et al., 2017a).  

  

3.2.2.3. Facial, vocal, and behavior ratings  

  

The stimuli were presented to a distinct and unrelated sample of 30 men and 58 women 

to assess FM on a 100-point scale ranging from 0 (very feminine) to 100 (very masculine). 

Participants were recruited online from students of University of Sao Paulo and were directed 

to Qualtrics platform (https://www.qualtrics.com). Non-heterosexuals (scoring 3 to 6 on 

Kinsey scale), one pregnant woman, and individuals older than 35 years were excluded, 

leaving a sample comparable to the target sample. The final sample comprised 21 men (age M 

= 23.86, SD = 4.62) and 43 women (age M = 24.14, SD = 4.56), composed mostly of 

undergraduate (57.8%) and white (71.9%) students. The sexes did not differ significantly in 

age (U = 470, p = 0.79).  

Participants completed a basic demographic questionnaire and assessed the stimuli of 

both sexes in three randomized blocks (ratings of facial, vocal and behavioral stimuli). Within 
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each block, the individual stimuli were also randomized. Thus, participants judged each 

stimulus in a randomized order and only once. There was a strong correlation between males‘ 

and females‘ ratings in all rated stimuli (all ρ‘s ≥ 0.85, all p‘s < 0.001) and 

the Cronbach‘s alphas of FM ratings were reasonably high for facial (α = 0.78), vocal (α = 

0.83) and behavioral (α = 0.89) ratings.  

  

3.2.2.4. Analyses  

  

Shapiro-Wilks test was used to check the normality of data. Since some variables 

departed from normality, Spearman rank correlation was used to examine the relation between 

all the modalities ratings. All data were analyzed via SPSS 21.0 (IBM Corp.). Data were 

transformed into Z-Scores to perform a figure using OriginPro 9.5 (OriginLab).  

  

3.2.3. Results and Discussion  

  

As shown in Figure 1, in women, we found a significant correlation between the 

mean perceived facial and vocal femininity-masculinity (FM) (N = 41, ρ = 0.33, p = 0.03). 

However, there was no significant correlation between behavioral FM and facial (N = 41, ρ = 

0.09, p = 0.59) or vocal FM (N = 41, ρ = 0.08, p = 0.62).  

 In men, there was no significant correlation between facial and vocal FM (N = 38, ρ = -

0.02, p = 0.89), behavioral and facial (N = 38, ρ = 0.14, p = 0.40), or behavioral and 

vocal FM (N = 38, ρ = 0.02, p = 0.93).  
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Figure 1. Correlations of femininity-masculinity ratings between facial, vocal, and behavioral stimuli separately 

for male and female targets.  

   

  

In women, we have replicated the positive association between perceived FM of faces 

and voices (Fraccaro et al., 2010; Feinberg et al., 2005; Smith et al., 2016). The current results 

indicate that female facial and vocal FM can offer concordant underlying information. Rowe 

(1999) argues that multicomponent stimuli increase information reception. Studies suggest 

that women‘s femininity indicates health, fertility, and parenting skills (Feinberg, 

2008; Jasieńska et al., 2004; Law Smith et al., 2012). Accordingly, feminine traits are 

assessed as more attractive (Moore et al., 2011; Perrett et al., 1998; Valentova et al., 2017a), 
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and are preferred by men (Re et al., 2012). Additionally, facial and vocal attractiveness 

predicted the overall attractiveness ratings of women (Wells et al., 2013), and attractiveness 

ratings of feminine faces increased when presented along with vocal femininity (O‘Connor et 

al., 2013).   

In men, faces and voices show no concordance and can, thus, indicate different qualities 

of the individual. Wells et al. (2013) showed that men‘s faces and voices contribute 

independently to attractiveness. Accordingly, Varella et al. (2014) found that women 

preferred men with a mosaic of masculine and feminine traits. In the same line, women‘s 

ratings of male attractiveness increased with a negative covariance between girth, and facial 

and vocal masculinity (Hill et al., 2013). Thus, testosterone synthesis and mechanisms of 

tissue response in different parts of the body and behavior may have evolved independently 

(Hau, 2007).  

Men‘s non-concordant information may be adaptive and reflect women‘s highly flexible 

preferences for FM. Previous studies show that women‘s mate choice varies according to 

stage of menstrual cycle, resource and pathogen exposure, relationship status, 

or women‘s own mate quality (Brooks et al., 2011; Gildersleeve, Haselton, & Fales, 2014; 

Little et al., 2011b; Lyons, Marcinkowska, Moisey, & Harrison, 2016; Moore et al., 2013), 

indicating a variable preference for indirect (e.g. genetic quality) and direct (e.g. parental 

care) paternal investment according to the context (Gray et al., 2002; Kruger & Fitzgerald, 

2011).  

We found no correlation between ratings of FM of dance videos and FM rated from 

voices and faces, either in men or women. Thus, dance has no concordance with the 

other variables, and may thus convey different messages. We can 

speculate that complex behavior, such as dance, which is aerobically costly, represents 

and develops via distinct process than facial and vocal display. Indeed, FM of behavior is 

emergent already during early childhood, while vocal and facial FM develops largely through 

exposure to sex hormone during puberty (Hines, 2011; Puts et al., 

2012; Rieger, Linsenmeier, Gygax, & Bailey, 2008).  

In summary, we found a positive correlation between perception of women‘s facial and 

vocal FM, but that did not occur in men. Furthermore, dance was not associated with either 

vocal or facial FM in either men or women. The current study thus advanced the discussion 

concerning the use of multiple sensory modalities in the context of assessing masculinity-

femininity. Differently from previous research, besides studying facial and vocal perception, 

we also focused on complex behavior, dancing (for further discussion, see Groyecka et al., 
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2017). As our study sample was relatively small and conducted on a specific population 

(Brazilian men and women), further studies are needed. Different populations can show 

distinct results in perception of faces, voices, and other sensory modalities, as shown by 

previous studies (e.g. Havlíček et al., 2008; Marcinkowska et al., 2014). Further, we collected 

samples in artificial environment, and recruited mostly university students. Future studies, 

thus, should investigate higher diversity of indicators, ideally in cross-cultural and more 

realistic mate choice settings.   

 

3.3 Chapter three 

  

The influence of resource scarcity on multimodal preference in long-term, but not pathogen 

threat in short-term relationships 

 

3.3.1 Introduction 

 

Human mate preferences are far from random but the specific mechanisms of partner 

choice are still a matter of discussion and empirical testing. Women‘s mate preferences have 

been shown to be sensitive to both personal (e.g., relationship status, phase of menstrual 

cycle, own attractiveness) (Gildersleeve et al., 2014; Kandrik & DeBruine, 2012; Lyons et al., 

2016) and environmental contexts (e.g. resource scarcity, pathogen threat, economic status of 

the population, health of the population) (DeBruine et al., 2010a; Lee & Zietsch, 2011; 

Watkins et al., 2012). Studies focusing on environmental contexts showed that in their 

potential long-term male partners, women in resource scarcity conditions preferred rather 

feminine morphological traits associated with willingness and abilities to invest, and with 

partnering and parenting skills. In contrast, in environments characterized by poor health and 

high mortality, women preferred rather masculine characteristics in men which presumably 

provide cues to better immunity system and health. Such findings were corroborated in both 

correlational (DeBruine et al., 2010a; DeBruine et al., 2010b; Feinberg et al., 2012; Jones et 

al., 2013; Stewart et al., 2000) and priming studies (Lee et al., 2013; Lee & Zietsch, 2011; 

Little et al., 2007a; Watkins et al., 2012), although see also (Lee et al., 2013; Lee & Zietsch, 

2015) for null results.   
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Variation in men‘s preferences is, however, only rarely studied. Similarly to results in 

women, previous research showed that men preferred more feminine female faces in a 

pathogen threat condition (Lee et al., 2013), but such a context was only tested in a 

correlational design. For contexts of poorer resources and lower socioeconomic status, men 

preferred women with higher BMI (Nelson & Morrison, 2005; Swami & Tovée, 2006); 

nevertheless, studies investigating men‘s preferences for women‘s femininity-masculinity 

were not found. 

These results are in line with findings showing that men with masculine characteristics 

and women with feminine characteristics are perceived as healthy (e.g. Rhodes et al., 2003; 

Scott et al., 2008; Gray & Boothroyd, 2012; Singh & Singh, 2006), and may provide cues to 

actual health and fertility (e.g. Dunson et al., 2002; Gangestad et al., 2010; Jasieńska et al., 

2004; Kirchengast & Gartner, 2003; Rantala et al., 2012; Rhodes et al., 2003; Roberts et al., 

2004; Thornhill & Gangestad, 2006; Venners et al., 2006). Thus, such characteristics are 

preferred in particular in environments of poor health. In contrast, environments with resource 

scarcity raise the need for biparental care (Buss & Schmitt, 2019; Gangestad & Simpson, 

2000) and privileged are men who are willing to invest directly, and women who are able to 

find and secure resources.  

Importantly, preferences for masculine and feminine characteristics are also influenced 

by the temporal context of the relationships. As humans evolved a cooperative mating system, 

in which both women and men provide parental care, and both actively choose their mates 

(Campbell, 2004; Sear, 2016), a higher selectiveness of potential mates is expected in 

particular for long-term relationships that are characterized by higher investments. However, 

due to gestation, birth, lactation and raising offspring (Jasieńska, 2009) women have a higher 

initial investment and higher risk in reproduction than men, and a high selectiveness is 

expected also in short-term relationships. Thus, environmental conditions can influence 

preferences for masculinity and femininity particularly in long-term relationships in both 

sexes, and potentially also short-term relationships in women. Previous research investigating 

environmental effects on mate preferences mostly did not specify the temporal context of the 

relationships (Lee et al., 2013; Lee & Zietsch, 2011; Nelson & Morrison, 2005; Swami & 

Tovée, 2006; Watkins et al., 2012). The exception was Little et al. (2007a), but they only 

examined facial cues. Thus, it would be of importance to incorporate the temporal context of 

mate choice into the question of environmental effects on preferences for masculinity and 

femininity. 
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Interestingly, past research investigating the effect of environmental conditions on 

mate preferences mostly focused on facial stimuli (for exceptions, see for example Lee & 

Zietsch, 2011 and Lee et al., 2013, who assessed preferences for cognitive and physical 

characteristics, and social status). Although facial appearance is highly important in the 

formation of the first impressions and in mate evaluations, potential influence of 

environmental conditions on preferences for more dynamic behavioral traits is yet to be 

studied. Moreover, facial stimuli used in previous studies comprised composite faces, i.e., 

facial photographs that were digitally manipulated to vary according to femininity-

masculinity (Lee et al., 2013; Little et al., 2007a; Little et al., 2011b; Watkins et al., 2012). It 

would be of a great importance to use more ecologically valid stimuli, such as photographs of 

natural faces. In addition, participants were mainly exposed to a forced-choice design in 

which they had to choose between the masculine and the feminine stimuli. As an exception, 

Lee and Zietsch (2015) and Lee et al. (2013) allowed participants to rate the stimuli 

individually but they did not find any significant effect in the pathogen threat condition. Thus, 

different methodologies would strengthen the previous conclusions which were submitted to a 

valid critique (see Scott et al, 2012, Scott et al., 2014).   

Finally, conclusions on mate preferences for femininity-masculinity under different 

environmental conditions were mostly based on data collected among North Americans, 

Australians and Western Europeans (e.g., Feinberg et al., 2012; Jones et al., 2013; Lee et al., 

2013; Lee and Zietsch, 2011; Little et al., 2007a; Lyons et al., 2016; Watkins et al., 2012) 

which are well developed countries with relatively high standards of living. Thus, it is 

important to study the influence of environmental threats on women‘s and men‘s preferences 

for femininity-masculinity in developing countries with different socio-economic conditions, 

in particular where environmental threats are more common. 

 

3.3.1.1. Aims 

 

In the current study, we tested whether a pathogen condition and a resource-scarcity 

condition influence preferences of Brazilian women and men for masculine and feminine 

faces, voices, and dance videos of opposite-sex individuals in short-term and long-term 

relationship contexts. Based on previous literature, we predicted that (1) when primed with 

cues of pathogen threat in a short-term context, both women and men would increase their 
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preference for partners with greater indicators of indirect investment, i.e., feminine traits in 

women and masculine traits in men. On the other hand, (2) when primed with cues of 

resource threat in a long-term context, both women and men would increase their preference 

for partners with greater indicators of direct investment, i.e., feminine men and women, 

respectively. 

 

3.3.2 Material and methods  

 

The current study consisted of three pretests and one experiment. The pretests were 

performed to create and test the facial, vocal, and behavioral stimuli and priming conditions, 

while the experiment examined the main hypotheses. Each volunteer participated in only one 

of the phases. No financial reward was given and the study was approved by the IRB of 

University of Sao Paulo, Brazil (Nr. 53719416.5.0000.5561).  

 

3.3.2.1 Participants  

 

The experiment was completed by 516 volunteers, but only participants aged between 

18 and 35 years and exclusively or predominately heterosexuals (0-2 on Kinsey scale) were 

analyzed, because age (Lee & Zietsch, 2015) and sexual orientation (Glassenberg et al., 2010; 

Valentova et al., 2013) influence preferences for femininity-masculinity (FM). Our final 

sample comprised 206 women (M age = 25.02, SD = 3.89) and 164 men (M age = 25.01, SD 

= 4.47). The participants were students (undergraduates = 42.7%, graduates =15.1%, 

postgraduates = 39.7%, postdocs = 2.5%) from universities across the state of Sao Paulo, 

Brazil. Finally, most participants (77%) reported to be white (13.8% reported to be of a mixed 

origin, called pardo in Brazilian Portuguese, 3.8% reported to be blacks, 3% Asians, and 

2.4% others), and most of them (84.6%) earned one to ten Brazilian minimum salary per 

month ($290.00 to $2900.00 in 2017). 

 

3.3.2.2. Stimuli 
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Stimuli comprised facial photographs, vocal recordings, and dance videos of 41 

heterosexual women (M age = 24.0 SD = 5.05) and 38 heterosexual men (M age = 23.5, SD = 

3.28). Participants were recruited at the University of Sao Paulo campus of Sao Paulo city, by 

a snowball method or an approach in the public places of the university. Stimuli from bisexual 

and homosexual individuals (3-6 on Kinsey scale) were excluded, because their faces, voices 

and behavior can differ from their heterosexual counterparts (e.g., Fasoli & Maass, 2018; 

Johnson et al., 2007; Valentova & Havlíček, 2013; Valentova et al., 2014; Valentova et al., 

2011; Wang & Kosinski, 2018). The sample consisted of Brazilian students (mostly 

undergraduates = 76.%), who mostly self-reported as white (74.7%). 

Stimuli were collected in a quiet room by the same researchers. Facial images 

consisted of frontal facial photographs with a neutral expression. Subsequently, each 

photograph was placed on a neutral grey background to be shown to the third-party raters. For 

vocal recordings, participants were instructed to repeat the following sentence in Portuguese: 

―Hi, my name is Ana/Pedro and I am from Belo Horizonte‖ – ―Ana‖ for women, and ―Pedro‖ 

for men. Details were published elsewhere (Valentova et al., 2017a).  

Dance was recorded on a JVC Everio digital video camera placed on a Velbon Sherpa 

600R tripod, which was located 2.5 meters away from participants. Volunteers were 

instructed to dance as naturally as possible according to a standard simple rhythm (130 beats 

per minute), which was generated by an automatic random rhythmic generator in Max/Msp. 

Volunteers wore white t-shirts and light grey trousers, and they danced for around 40 seconds 

in a 1 m
2
 space and in front of a standardized grey background. Videos were cut and digitally 

edited using Videomux software. Any sound was removed, color was changed to black and 

white, and contrast was increased. Moreover, ten seconds of the middle part of the recordings 

were selected. Finally, participants‘ faces were digitally covered using Adobe Premiere Pro 

CC. Part of pixelated layer (i.e. mask) with Mosaic effect was inserted on top of original 

video layer and by using mask tracking and frame-by-frame manual correction was carefully 

positioned, so that the whole face and a majority of hair was pixelated and indistinguishable. 

Mask feather (i.e. how strong is the effect presence) was set on value 16. By using this mosaic 

density, participants‘ faces are blurred, but head movements and position are still 

recognizable. 

To assess FM of the faces, voices and behavior, the stimuli were rated online on a 100-

point slide scale (0 = very feminine; 100 = very masculine) via Qualtrics platform (version 

2017, Provo, UT) by 43 heterosexual women (M age = 24.1, SD = 4.56) and 21 heterosexual 
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men (M age = 23.9, SD = 4.62), who were primarily undergraduate (57.8%), white (71.9%) 

students from the University of Sao Paulo, and mostly earned one to ten Brazilian minimum 

salaries per month (70.4%). 

Stimuli were divided into three blocks (faces, voices, and dances, respectively). The 

blocks and stimuli inside each block were randomized. Men and women judged stimuli of 

both sexes. Ratings showed good internal consistency for the three categories of stimuli 

(Cronbach‘s alphas ≥ 0.78). Moreover, Spearman‘s tests showed strong positive correlations 

between males‘ and females‘ ratings for all rated stimuli (all ρ‘s ≥ 0.85, all p‘s < 0.001) and 

thus ratings of both sexes were analyzed together. After calculating average ratings for each 

individual stimulus, we selected the five most masculine and the five most feminine male and 

female faces, voices, and dances (20 faces, 20 voices, and 20 videos in total). This method 

was used in previous research (DeBruine et al., 2010b; Jones et al., 2013). 

 

3.3.2.3. Priming conditions 

 

Priming conditions consisted of three newspaper-like articles that were tested in two 

pretests. This priming method was used in previous research (Hill et al., 2012).  

 

 

3.3.2.3.1 Pretest of priming images 

 

First, images depicting cues of pathogen threat (PT) and resource threat (RT) were 

chosen using Google search (see Supplementary Material) (McIntosh et al., 2017). For PT, 15 

images were selected representing the 2015 Aedes aegypti epidemic in Brazil, including 

pictures of Aedes aegypti mosquito, its mosquito-borne diseases (e.g. muscle weakness, skin 

rash, bleeding, joint swelling, inflammation of the eye, and babies with microcephaly), and 

generalized spraying with insecticides. To pretest these stimuli, we recruited 14 female and 7 

male students (M age = 31.2, SD = 4.20) from the University of Sao Paulo (postgraduates = 

61.9%), mainly whites (76.2%), and heterosexuals (85.7%), who earned one to ten Brazilian 

minimum salary per month (76.2%). Participants judged, on 10-point scales (1 = not at all; 10 

= very much), to what extent each photo made them feel insecure/anxious for themselves or 
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their important others about (a) contagious diseases, (b) health, and (c) their surroundings. For 

RT, 15 images were chosen about the 2015 Brazilian economic crisis, including photos of 

unemployment lines, commercial property for rent, stock market crash, poverty, and families 

worrying about bills. Participants rated on 10-point scales to what extent each picture made 

them feel concerned/anxious for themselves or their important others (a) to buy basic 

products, (b) to find/keep a job, and (c) about their salary. Participants rated both blocks of 

images randomly using Qualtrics platform.  

For each photo, an average score was computed and analyzed. Ratings showed good 

internal consistency for both PT and RT (Cronbach‘s alphas ≥ 0.902), and there was no 

significant difference among images of PT (χ
2
(14) = 19.6, p = 0.14), or among images of RT 

(χ
2
(14) = 15.6, p = 0.34). We randomly selected three pictures from PT and RT, respectively, 

to compose the final priming material. 

 

3.3.2.3.2 Pretest of priming texts 

 

Second, three newspaper-like articles were written (see Supplementary Material). All 

of them included: (1) a headline (from eight to 11 words; font size 20), (2) a subheading (16 

to 25 words; font size 12), (3) three pictures, (4) three figure captions (from eight to 17 words 

each; font size 9), and (5) a two columns-text (around 700 words each; font size 12). 

One article described the 2015 Aedes aegypti epidemic in Brazil, and included 

information about Aedes aegypti mosquito, Dengue fever, Zika virus disease, and 

Chikungunya virus. The second article focused on the 2015 Brazilian economic crisis, and 

included data on increasing unemployment rates, industry and trade deficit, and decline in 

state educational investment. Finally, a third article was written as a control condition (CC) 

that contained information on an unrelated topic (lions poisoned in a Kenyan Reserve in 

2015). A pretest was performed with 15 women and 10 men (M = 29.7, SD = 4.65) from the 

University of Sao Paulo. Participants consisted of Brazilian students (mostly postgraduates = 

56%), who mostly self-reported as heterosexual (80%), white (64%), and earning one to ten 

Brazilian minimum salaries per month (92%).  

Each article was followed by the same six questions used for the pretest of priming 

images (see Section 2.3.1. Pretest of priming images). Texts were divided into three blocks 

and presented randomly. For each article, two composite variables were computed by 
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averaging participants‘ answers of the questions about PT and RT, respectively. Ratings 

showed good internal consistency for the six variables (Cronbach‘s alphas ≥ 0.794). In the 

resource-scarcity condition, there was a significant difference between values of RT and PT 

(Z = -4.14, p < 0.001), indicating higher distress with resources. Similar results were found 

for the pathogen condition (Z = 4.37, p < 0.001), indicating higher distress with diseases. 

Finally, there was no significant difference between RT, PT and CC (Z = 1.60, p = 0.11). 

Furthermore, we compared the three newspaper-like articles. In RT (χ
2
(2) = 44.7, p < 0.001) 

and PT (χ
2
(2) = 35.2, p < 0.001), there was a significant difference between the articles, 

indicating that they led people to perceive both threats differently. 

 

3.3.2.4 Procedure  

 

Figure 2 – Summary of the procedure. 

 

Note: 1st R = first randomization; 2nd R = second randomization; 3rd R = third randomization; LT = long-term 

relationship context; ST = short-term relationship context; CC = control condition; RT = resource threat; PT = 

pathogen threat. First randomization refers to participants being exposed to either mating strategy (LT or ST). In 

the second randomization, volunteers saw the control and the threat-prime conditions randomly. Finally, the flat 

dashes indicate the third randomization, in which raters were exposed to either environmental threat (RT or PT).  

 

In total, 370 individuals (206 women and 164 men) were recruited online and they 

were directed to Qualtrics platform. We carried out the research online, because previous 

studies have shown that online and laboratory studies on visual, and vocal preferences 

produce equivalent results (e.g., Feinberg et al., 2008a; Fraccaro et al., 2010; Jones et al., 

2010; Little et al., 2007b). Moreover, research showed a high accuracy in FM online ratings 

(Feinberg et al., 2008b; Welling et al., 2007).  
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Participants were randomly divided according to: (a) mating strategy, and (b) 

environmental threat. For the former, participants judged either stimuli of a short-term (ST) 

(e.g., one-night stand, uncommitted relationship) or long-term (LT) (e.g., dating, engagement, 

or marriage) relationship context. For the latter, participants were exposed in a randomized 

order to the control-priming condition (control article), and to one of the threat-priming 

conditions (PT or RT) (Watkins et al., 2012). For example, a female participant would rate 

FM of all the randomized male stimuli (faces, voices and dances) for a long-term mating 

context in the control-priming condition, and then in the resource-scarcity condition. Figure 2 

shows a summary of the procedure.  

 

Table 6. Distribution of participants according to mating strategy and environmental threat. 

 Pathogen-threat condition Resource-scarcity condition 

Long-term relationship 58 women 

45 men 

46 women 

43 men 

Short-term relationship 51 women 

33 men 

51 women 

43 men 

 

After reading a newspaper-like article (control or experimental), participants judged 

stimuli of the preferred sex on a 100-point scale ranging from zero (not at all attractive) to 100 

(very attractive) (Abend, Pflüger, Koppensteiner, Coquerelle, & Grammer, 2015; Lee & 

Zietsch, 2015). Volunteers were instructed to answer according to their first perception. The 

stimuli comprised randomly presented masculine and feminine facial images, vocal 

recordings, and dance videos selected previously. They were judged twice: after volunteers 

were exposed to (1) CC, and (2) the threat-priming condition. In both conditions, raters 

examined the same stimuli within the same mating strategy. One hundred two women and 76 

men judged the faces, voices, and dance videos for the short-term relationship, while 104 

women and 88 men assessed the stimuli for the long-term relationship (more details in Table 

6).  

 

3.3.2.5. Analysis 

 

Data were analyzed with SPSS (version 21.0). An average score of attractiveness for 

each stimulus was calculated and Shapiro-Wilks showed that many items departed from 

normality. However, parametric tests were still used, since the central limit theorem indicates 
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that the average of infinite samples of a population tends towards a normal distribution, and 

each experimental group had at least more than 30 participants (Ghasemi & Zahediasl, 2012).  

 

Table 7 – Mean values for the subtraction of environmental conditions from control condition. 

    Faces Voices Dances 

 RS ET FM Ms SDs Ms SDs Ms SDs 

 

 

 

Short-

Term 

 

Men 

PT Fem -0.42 13.24 -0.15 13.36 0.13 15.13 

Mas -0.33 9.17 -1.08 13.65 2.03 11.97 

RT Fem -2.51 12.72 -1.25 15.83 -1.32 15.99 

Mas -2.33 11.31 -1.26 16.39 -0.24 15.54 

 

Women 

PT Fem -0.57 12.42 1.27 19.28 -0.31 15.80 

Mas 0.90 12.41 1.33 16.95 1.67 15.87 

RT Fem 1.30 13.57 -0.02 19.37 -0.01 16.78 

Mas -0.25 11.27 1.43 16.11 -0.24 16.96 

 

 

 

Long-

Term 

 

Men 

PT Fem 1.05 16.54 0.31 16.69 0.92 16.88 

Mas -0.30 11.15 1.73 15.52 2.83 16.31 

RT Fem -0.25 13.72 1.15 16.46 -1.81 16.19 

Mas 1.31 9.07 -0.86 14.44 1.19 12.49 

 

Women 

PT Fem -0.92 12.25 -2.30 19.05 -0.46 16.95 

Mas -1.27 12.31 -2.46 18.68 -1.79 17.83 

RT Fem 1.46 12.11 -1.04 20.28 -1.82 17.50 

Mas -0.42 10.00 1.14 22.75 -0.30 16.82 

Note. RS = raters‘ sex. ET = environmental threat. PT = pathogen threat. RT = resource threat. FM = femininity-

masculinity. Fem = feminine. Mas = masculine. 

 

Analyses were conducted separately according to mating strategies (LT vs. ST). For 

each participant, the score of the environmental threat was subtracted from the control 

condition (i.e., the score of CC minus the score of environmental threat). The results were 

considered as the independent variable. The dependent variables were FM (feminine or 

masculine), environmental threat (pathogen or resource), and raters‘ sex (female or male). 

Since participants assessed attractiveness on a 100-point scale on each stimulus, a Linear 

Estimation Equations Model was performed. The model used the Wald χ
2
 Test, and the 

covariance matrix for repeated measures was defined by the smallest QIC.  

Table 7 shows the mean values for the subtraction of the environmental threat from 

CC, and their standard deviations. Women and men had similar scores in both conditions, 

despite the mating strategy; i.e. the averages were small, considering the scales varied from 

zero to 100. Negative scores indicate that raters gave higher scores to the stimuli in the 

environmental threat (PT or RT) compared to CC, while positive means show that participants 

assessed the stimuli in CC as more attractive than in the environmental threat. The Wald χ
2
 

Test was then carried out to investigate whether FM, environmental threat, and raters‘ sex 
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influenced the attractiveness of facial, vocal, and behavioral stimuli of women and men. Table 

8 presents the results. 

 

Table 8 – Results of Wald χ
2
 Test for facial, vocal, and behavioral stimuli (dfs = 1). 

 Faces Voices Dances 

 Model Wald χ
2
s ps Wald χ

2
s ps Wald χ

2
s ps 

 

 

 

Long-

Term 

Intercept 0.291 0.590 0.251 0.617 0.101 0.751 

RS 1.632 0.201 2.261 0.133 3.673 0.055 

ET 0.148 0.700 0.451 0.502 1.180 0.277 

FM 0.764 0.382 0.187 0.666 2.313 0.128 

RS * ET 1.603 0.205 2.024 0.155 1.334 0.248 

RS * FM 0.066 0.797 0.605 0.437 1.967 0.161 

ET * FM 0.438 0.508 0.106 0.745 1.383 0.240 

RS * ET * FM 4.194 0.041 2.976 0.084 0.275 0.600 

 

 

 

Short-

Term 

Intercept 1.920 0.166 0.004 0.947 0.184 0.668 

RS 5.234 0.022 3.692 0.055 0.017 0.898 

ET 1.236 0.266 0.377 0.539 1.802 0.179 

FM 0.006 0.937 0.032 0.859 2.514 0.113 

RS * ET 2.500 0.114 0.000 0.984 0.283 0.595 

RS * FM 0.021 0.884 0.595 0.440 0.168 0.682 

ET * FM 1.572 0.210 0.535 0.464 1.032 0.310 

RS * ET * FM 1.750 0.186 0.021 0.886 0.216 0.642 

Note. RS = raters‘ sex. ET = environmental threat. FM = femininity-masculinity. 

 

3.3.3 Results 

 

3.3.3.1 Long-term relationship context 

 

The analysis revealed a significant interaction among raters‘ sex, environmental threat, 

and FM for faces (see Table 8). To parse the interaction, we examined the 95% confidence 

intervals (CIs). The 95% CIs showed differences in women‘s assessments for resource threat 

(RT). Female raters found masculine male faces more attractive after being primed with RT 

compared to the control condition (CC), while women perceived more feminine male faces as 

more attractive after being primed with CC (see Table 9). 

For voices, the equivalent analysis indicated a close-to-significant effect among raters‘ 

sex, environmental threat, and femininity-masculinity (see Table 8). The 95% CIs indicated 

that both sexes presented distinct results for RT (see Table 9). Men assessed masculine female 

voices as more attractive after being primed with RT in comparison to CC, while feminine 

voices were judged as more attractive after being primed with CC compared to RT. In 
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contrast, women preferred feminine male voices after being primed with RT, and masculine 

male voices after being primed with CC. 

 

Table 9 – Significant results of the 95% confidence intervals for long-term relationship. 

Stimuli RS ET FM Ms SEs 95% CIs 

Lower Upper 

 

 

 

Faces 

 

Men 

PT Fem 2.773 2.848 -2.809 8.356 

Mas 0.298 1.224 -2.101 2.697 

RT Fem -0.247 1.246 -2.689 2.196 

Mas 1.312 0.612 0.112 2.512 

 

Women 

PT Fem -1.455 1.033 -3.479 0.568 

Mas -1.266 0.855 -2.941 0.410 

RT Fem 1.457 1.021 -0.545 3.458 

Mas -0.417 0.650 -1.692 0.857 

 

 

 

Voices 

 

Men 

PT Fem 0.307 1.425 -2.487 3.100 

Mas 1.733 1.232 -0.680 4.147 

RT Fem 1.149 1.245 -1.292 3.590 

Mas -0.856 0.873 -2.568 0.856 

 

Women 

PT Fem -2.303 1.221 -4.696 0.089 

Mas -2.462 1.242 -4.897 -0.027 

RT Fem -1.039 1.523 -4.024 1.945 

Mas 1.144 2.281 -3.326 5.613 

Dances Men   0.782 0.688 -0.566 2.130 

Women   -1.092 0.695 -2.455 0.270 

Note. RS = raters‘ sex. ET = environmental threat. PT = pathogen threat. RT = resource threat. FM = femininity-

masculinity. Fem = feminine. Mas = masculine. 

 

Dance behavior was influenced marginally by raters‘ sex (see Table 8). The 95% CIs 

showed that men perceived women‘s behavior as more attractive in CC compared to the 

environmental threat, while women judged men as more attractive in RT compared to CC (see 

Table 9). 

 

3.3.3.2 Short-term relationship context 

 

Both facial and vocal preferences were only influenced by raters‘ sex, with no 

significant effect of FM or interaction (see Table 8); however vocal stimuli reached a 

marginal significance. CIs showed that men assessed women‘s faces and voices as more 

attractive in the pathogen threat (PT) compared to CC. In contrast, women perceived men‘s 

faces and voices as more attractive after being primed with CC compared to the 

environmental threat (see Table 10). Finally, no main effects or interaction were significant 

for dance behavior. 
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Table 10 – Significant results of the 95% confidence intervals for short-term relationship. 

Stimuli RS Ms SEs 95% CIs 

Lower Upper 

Faces Men -1.397 0.601 -2.576 -0.218 

Women 0.343 0.466 -0.569 1.256 

Voices Men -0.934 0.687 -2.281 0.412 

Women 1.001 0.737 -0.443 2.445 

Note. RS = raters‘ sex. 

 

3.3.4 Discussion 

 

The current study examined the influence of pathogen threat and resource threat on 

preferences for femininity-masculinity (FM) in the opposite-sex faces, voices, and behavior 

(dances). Women and men rated attractiveness of the stimuli either for a short-term (ST) or 

long-term (LT) relationship context but the priming conditions only influenced preferences in 

LT context. In particular, in the resource-scarcity condition, women preferred masculine male 

faces and feminine male voices, while men preferred masculine female voices. 

 

3.3.4.1 Long-term (LT) relationship context 

 

In the LT relationship context, women preferred sex atypical (feminine) male voices, 

and similarly men preferred sex atypical (masculine) female voices, when primed with 

resource threat. On a South American population, we thus replicated the preference for 

feminine male voices under a resource-scarcity condition (Pisanski & Feinberg, 2013; Puts, 

2005), and showed that similar preferences can work in men. Nevertheless, in our study 

women simultaneously preferred masculine male faces, contrary to the previous findings (Lee 

et al., 2013; Little et al., 2007a).  

Male masculinity can present some advantages not only for ST but also for LT 

relationships. First, masculine faces provide cues to higher immunocompetence (Folstad & 

Karter, 1992; Foo et al., 2017), which increases indirect benefits to offspring (Kokko et al., 

2003; Li et al., 2011). Second, Buss (2006) argues that women have a similar desire for 

resource acquisition, and physical protection in long-term and short-term partners. Both 

aspects are cued by faces (Little et al., 2011a). Therefore, masculinity is preferred in 
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circumstances like poorer health (DeBruine et al., 2010a), higher threat (Reeve et al., 2018), 

and extrapair sex (Lyons et al., 2016).  

However, women face a trade-off since masculine facial traits are judged as less warm, 

caring, having less interest in long-term relationships, and providing lower paternal 

investment (Dixson et al., 2016). Therefore, in order to secure both indirect (e.g., genetic) and 

direct (e.g., parental) qualities, women prefer a mosaic of masculine and feminine traits in a 

potential partner (Buss & Shackelford, 2008; Varella et al., 2014).  

It has been suggested that testosterone synthesis and mechanisms of tissue response in 

different parts of the body and behavior might have evolved independently, and be 

independent to some degree (Hau, 2007). Intrasexual variation in the distribution of androgen 

receptors and timing of masculinization and/or defeminization could explain such results 

(Bastir, 2008; Bastir et al., 2013; Bastir & Rosas, 2009). These arguments are supported by 

the lack of association between male faces‘ and voices‘ attractiveness (Hill et al., 2013; 

Valentova et al., 2017; Wells et al., 2013). Moreover, Rezlescu et al. (2015) argue that 

preference for men‘s feminine faces and masculine voices is expected, because masculine 

voices are associated with intra-sexual dominance, while feminine faces relate to pro-social 

characteristics in men. As we showed, such preferences were not replicated in the resource-

scarcity condition,  

Finally, men primed with resource threat preferred more masculine female voices for 

LT relationships. Similarly, previous studies found that men preferred more masculine female 

faces in harsh environments, when examining ST versus LT relationship (Little et al., 2007a; 

Pettijohn & Tesser, 2005). Furthermore, lower access to resources (e.g. running water) and 

pessimistic social and economic conditions predicted preference for masculine female faces in 

El Salvador (Batres & Perrett, 2014), and in American movie actresses (Pettijohn & Tesser, 

1999).  

Men‘s preferences for masculine women can be adaptive. Firstly, more masculine 

women can have advantages in terms of resource competition and acquisition, which may 

benefit both parents when raising offspring, particularly under stressful and difficult 

circumstances. In accordance, Cashdan (2003) showed that more masculine women were 

more likely to express competition through verbal aggression. Previous studies also found that 

traditionally feminine women have rather poor adjustment (e.g., low self-esteem, high 

anxiety, low education and lower socioeconomic status), while more masculine women have 
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higher education, socioeconomic status and income (e.g., Hoffman & Fidell, 1979), which are 

characteristics advantageous particularly in conditions with resource scarcity. Moreover, 

masculine women report higher number of sexual partners (Mikach & Bailey), and can thus 

secure resources from more than one male partner. In line with this, polyandry is more 

common in harsh environmental and resource-scarcity conditions (reviewed in Kenrick & 

Griskevicius, 2015), and according to life history theory (Hill, 1993), women who are 

exposed to harsh environments in their childhood adjust their reproductive strategies to a 

more short-term oriented strategy (Belsky, Steinberg, & Draper, 1991). In summary, some 

masculine features in women and some feminine traits in men can contain qualities that, under 

specific conditions, can increase social, economic and reproductive success. 

 

3.3.4.2 Short-term (ST) relationship context 

 

Contrary to our hypotheses, the environmental conditions did not influence 

preferences for FM in the ST relationship context. Previous studies reported that women and 

men preferred higher sexual dimorphism after primed with ST context (Dixson et al., 2016; 

Lee and Zietsch, 2011; Little et al., 2011a; Little et al. 2002), or after cues of pathogen threat 

(DeBruine et al., 2010b; Jones et al., 2013; Lee et al., 2013; Watkins et al., 2012). 

However, a growing number of studies showed no significant preference for sexual 

dimorphism after primed with pathogen threat (Dixson et al., 2017; Holzleitner & Perrett, 

2017; Lee & Zietsch, 2015, Study 3; McIntosh et al., 2017; Zietsch et al., 2015). For example, 

Lee and Zietsch (2015, Study 3) found no interaction between pathogen threat and women‘s 

preference for facial masculinity. Therefore, we have expanded their findings for voices, 

dance movements, and men‘s preferences.  

The study design can explain such differences. Previous research used a forced-choice 

design, in which participants had to choose between a more masculine and a more feminine 

version of the same stimulus. Contrarily, the current study and those who could not replicate 

the influence of pathogen threat on mating preferences (e.g., Lee et al., 2013; Lee & Zietsch, 

2015) pursue a standalone-rating design. Lee and Zietsch (2015) argued that the forced-choice 

design may convey a different aspect of preferences for FM (e.g., conscious awareness) and 

thus be more powerful in such circumstances.  
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In accordance, Zietsch et al. (2015) found that among identical and non-identical 

twins, genetic variation explained 38% of the variance in women‘s facial FM preferences, 

while sociosexuality, fertility, and pathogen disgust explained less than 1% of the variance. 

Accordingly, participants from non-WEIRD (Western, Educated, Industrialized, Rich, and 

Democratic) societies showed low or null association between pathogen threat and preference 

for sexually dimorphic faces, despite potentially higher exposure rates to pathogen burden 

(Dixson et al., 2017; Scott et al., 2014). Finally, previous results found that preferences for 

facial FM increased with the level of urbanization and thus human preferences for sexual 

dimorphism may be a recent manifestation for the context of large, urban societies to increase 

sensitivity to minor variations (Buss & Schmitt, 2019; Scott et al., 2014). In this scenario, 

forced-choice studies could access the influence of pathogen threat more easily. Therefore, 

our study reinforces that the influence of pathogen condition on preference for FM in short-

term relationships is rather small and specific to study design. 

 

3.3.4.3 Dance behavior 

 

Dance is defined as an universal set of body movements (Niemitz, 2010), which are 

composed of patterned sequences with rhythm, intention, and purpose and plays a role in 

courtship practices of many cultures (Hanna, 1988, 2010; Kaeppler, 1978; Kurath, 1960; 

Wade et al., 2015). Dance is argued to be a sexually selected mechanism that display an 

individual‘s qualities (Hanna, 1988, 2010). In fact, dance movements can reveal person‘s sex 

(Saunders et al., 2010), and it was shown that FM of dance movements influences 

attractiveness ratings (Weege et al., 2012). Therefore, we hypothesized that pathogen threat 

and resource threat would influence raters‘ preference for FM of dance movements. However, 

results did not confirm our hypotheses. Women preferred men's dance in general after primed 

with environmental threat, suggesting that other variables not studied in the current 

experiment are influencing raters‘ responses. 

Despite the influence of hormones on behavior (Hines, 2011; Puts et al., 2012), dance 

is largely influenced by social aspects. For example, Weege et al. (2012) found that women 

assessed good male dancers as more masculine, while other studies showed that male dancers 

were perceived as more feminine (Risner, 2002; Spence & Buckner, 2000). Therefore, the 

stereotype of dance behavior as a feminine activity can influence the assessment of a potential 
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partner, at least in westernized populations with recent style of living (Crawford, 1994; 

Lueptow et al., 1995; Risner, 2002; Spence & Buckner, 2000). 

Thus, our results indicate that dance is not perceived in the mating context through the 

dimension of masculine and feminine characteristics. Nevertheless, dance movements might 

cue other important aspects to mate choice, such as synchrony of the movement, symmetry, 

and rhythmicity. Indeed, Bläsing et al. (2012) argued that professional dancers exhibit limb 

coordination, strength, flexibility, and aesthetic qualities. They can also learn complex 

sequences of movements, and synchronize their actions to changing musical speed and 

rhythm. Moreover, Fink et al. (2014) argued that professional dancers have higher physical 

and cognitive abilities. These characteristics may be associated with indirect qualities and 

socio-cultural functions, like coalition and social bonding (Hanna, 1988). Perception of 

femininity-masculinity through dance movements needs more research. 

The current study showed some limitations. First of all, participants were recruited 

mainly among the middle-class university student population across the richest state of Brazil. 

Therefore, studies possessing a more diverse Brazilian population are needed to examine the 

generalizability of the current findings. Finally, future studies should also examine the 

influence of other factors that can influence FM preferences in specific environmental 

conditions, like self-perceived and rated attractiveness (Little et al., 2001; Kandrik & 

DeBruine, 2012; O‘Connor et al., 2012), partnership status (Lyons et al., 2016), menstrual 

cycle (Gildersleeve et al., 2014), and self-perceptions of health (Feinberg et al., 2012).  

 

3.3.5 Conclusion 

 

In summary, we found that women preferred a mosaic of masculine male faces and 

feminine male voices when primed with the resource-scarcity condition in long-term 

relationship context. In the same condition, men preferred women‘s masculine voices. In the 

short-term relationship context, we found no influence on participants‘ preferences for 

femininity-masculinity. Finally, no association was found for dance videos in either mating 

context.  

Firstly, we partly corroborated the research using an experimental design with 

unmanipulated stimuli in a standalone-rating. Secondly, previous results were drawn 

primarily from data collected among participants living in North American, Australian and 
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West European countries. Here we showed that, in the long-term relationship context, 

Brazilian women preferred a mosaic of FM in men to acquire direct and indirect benefits, 

while men preferred masculine female voices to improve resource acquisition. Our results can 

differ from previous studies because Brazilian population has some peculiarities. In particular, 

the disease (Barreto et al., 2011; Murray & Schaller, 2010) and homicide (Murray et al., 

2013) rates are relatively high in Brazil, as well as socioeconomic differences within the 

population which together with the current economic crisis show the instability of the 

resource availability. Our sample is thus daily exposed to very specific environmental threats, 

and can show different reactions during laboratory experiments. 

Furthermore, despite the multimodal nature of FM in humans, most of the current 

research still focused on isolated cues, especially facial photographs (Lee & Zietsch, 2015; 

Little et al., 2011b; McIntosh et al., 2017; Watkins et al., 2012). The current study is the first 

to examine faces, voices and especially dance movements with such study design. Finally, we 

examined the influence of pathogen threat and resource scarcity not only on women‘s 

preferences for femininity-masculinity in men (Lee & Zietsch, 2015; McIntosh et al., 2017), 

but also on men‘s mate preferences. 

 

3.3.6 Supplementary material 

 

A – Images of pathogen threat selected on Google Images for the ‗pretest of priming images‘ 

 

P1   
 



81 
 

P2  

 

P3  
 

P4  
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P5  
 

P6  
 

P7  
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P8  
 

P9  
 

P10  
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P11  
 

P12  
 

P13  
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P14   
 

P15  

 

 

B – Images of resource scarcity selected on Google Images for the ‗pretest of priming images‘ 

 

R1   
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R2   
 

R3   
 

R4   
 

R5   
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R6   
 

R7   
 

R8  
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R9  
 

R10  
 

R11  
 

R12   
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R13   
 

R14  
 

R15  
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C – Newspaper-like article on pathogen threat 

 

 



91 
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D – Newspaper-like article on resource scarcity 
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E – Newspaper-like article on control condition 
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4 CONCLUSION 

 

The current thesis aimed to investigate the subjective perception of intrasexual variations 

in femininity-masculinity and how third-party's perception is influenced by environmental 

threats (i.e. pathogen threat and resource scarcity) in distinct sexual strategies (i.e. short-term 

and long-term relationship contexts). Since femininity-masculinity associates with distinct 

mate qualities, women and men have faced trade-offs between preferences for feminine and 

masculine traits in a potential partner of the opposite sex. The trade-offs suggest recurring 

sexual problems faced by our ancestor throughout evolution. Therefore, psychological 

mechanisms have been selected because they have helped individuals to reply adaptively to 

significant environmental information (Buss, 2006; Buss & Schmitt, 1993, 2019; Giudice, 

Gangestad, & Kaplan, 2015; Tooby & Cosmides, 2015). 

Femininity-masculinity is firstly developed because of the intersexual difference in the 

level of sex hormones, which produces a differentiation between women and men in faces, 

voices, and behavior (e.g. Grammer et al., 2003; Puts, 2010; Saunders et al., 2010), for 

instance. However, individuals are differently influenced by the processes of 

masculinization/defeminization and feminization and thus creating intrasexual variation in 

femininity-masculinity in both sexes. Since both women‘s and men‘s femininity and 

masculinity are linked with direct (parental care) (e.g. Vukovic et al., 2011; Cashdan, 2003) 

and indirect (genetic quality) (e.g. Foo et al., 2017; O‘Connor et al., 2013) investments into 

reproduction, respectively, feminine and masculine traits indicate mate qualities. 

Previous studies suggest that men's masculinity seems advantageous in circumstances of 

short-term relationships and environments with high levels of pathogen prevalence (Buss & 

Schmitt, 1993, 2019; Gangestad & Simpson, 2000; Li & Kenrick, 2006). In contrast, male 

femininity seems important in the context of long-term relationships and resource scarcity 

(e.g. Buss & Schmitt, 1993, 2019; Gangestad & Simpson, 2000; Lee & Zietsch, 2011).  On 

the other hand, research indicates that women‘s femininity is advantageous for the context of 

short-term relationships and pathogen threat (Buss & Schmitt, 1993, 2019; Gangestad & 

Simpson, 2000). However, mixed results are found for women‘s traits in the context of long-

term relationship and resource scarcity context (e.g. Cashdan, 2003, 2008; Law Smith et 

al., 2012; Nelson & Morrison, 2005; Swami & Tovée, 2006). 

Since women and men can show high levels of biparental care, it is expected that an 

accurate assessment of a potential mate‘s quality and one‘s self-perceived mate value have 

been selected to avoid wasting resources on inadequate mates (Regan, 1998a, 1998b). 
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However, previous studies have mainly focused on the subjective perception of attractiveness 

(e.g. Muñoz-Reyes et al., 2015), neglecting. Therefore, we examined the association between 

self-reports and third-party ratings of femininity-masculinity and attractiveness. Moreover, we 

assessed the correlation between such subjective perceptions and objective measures of 

femininity-masculinity. 

A second concern addressed in the current thesis was the multiple channels to inform third-

party raters on cues of femininity-masculinity. Previous research indicated that female faces 

and voices seemed to carry concordant information (e.g. Collins & Missing, 2003; Fraccaro et 

al., 2010; Wheatley et al., 2014); however, mixed results were found for the male stimuli 

(Feinberg et al., 2008a; Little et al., 2011a; Valentova et al., 2017a). Further, most studies 

neglected other channels of information, such as body movements. Therefore, we addressed 

the correlation between facial, vocal, and behavioral (dance) femininity-masculinity in both 

sexes. 

Finally, we also investigated the influence of environmental threats on third-party's 

perceptions of femininity-masculinity. Previous studies have examined the influence of prime 

conditions on the participants‘ preferences for femininity-masculinity, i.e. researchers have 

presented stimuli simulating environments containing high levels of pathogen load and/or 

issues with resource acquisition to test whether such circumstances change women‘s and 

men‘s preferences for feminine and masculine traits in a potential partner of the opposite sex. 

Results indicated that prime conditions were able to change volunteers‘ assessment in the 

context of pathogen threat (e.g. Lee & Zietsch, 2011; Little et al., 2007a; Little et al., 2011a; 

Watkins et al., 2012) and resource scarcity (e.g. Lee et al., 2013; Lee & Zietsch, 2011; Little 

et al., 2011a).  

However, these studies showed some limitations. Firstly, they emphasized the 

investigation of women‘s sexual strategies and the context of pathogen threat (Lee et al., 

2013; Lee and Zietsch, 2011; Little et al., 2007a; Watkins et al., 2012). Then, they used 

manipulated faces as primary stimulus, especially with studies containing forced-choice 

designs between feminine and masculine traits (Lee et al., 2013; Little et al., 2007a; Watkins 

et al., 2012). Finally, they performed most experiments among Americans, Canadians, 

Australians and Western Europeans (e.g., Feinberg et al., 2012; Jones et al., 2013; Lee et al., 

2013; Lee and Zietsch, 2011; Little et al., 2007a; Lyons et al., 2016; Watkins et al., 2012). 

Therefore, the current study aimed to examine whether pathogen-prime and resource-prime 

conditions influence women‘s and men‘s preferences for feminine and masculine facial 

photographs, voices, and dance movements of potential partners of the opposite sex. 
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Participants were Brazilians, who assessed unmanipulated stimuli on a standalone-rating 

design.  

To achieve such goals, three pretests and one experiment were performed. The first pretest 

aimed to select six photographs related to pathogen threat and resource scarcity to compose 

later the newspaper-like articles. The ‗pretest 2‘ examined if the articles about the Aedes 

aegypti epidemic and the economic crisis were effective as pathogen-prime and resource-

prime conditions, respectively. Then, ‗pretest 3‘ were conducted to select the five most 

feminine and the five most masculine stimuli among a sample of facial photographs, vocal 

recordings, and dance videos of both sexes. Lastly, the experiment was carried out to examine 

the influence of the prime conditions on participants‘ preferences for femininity-masculinity. 

From this methodology, three scientific articles were written and submitted to international 

journals. A summary of them can be found in Table 11 and Table 12. 
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Table 11 – Summary of aims and procedures. 

 Aims Procedures 

Chapter 

1 

Humans have faced a trade-off between 

feminine and masculine characteristics, 

since they cue to distinct parental 

investments. Nevertheless, previous 

studies lack to examine the association 

between subjective perceptions and 

objective measures of femininity-

masculinity and how they are linked to 

attractiveness across facial, vocal, and 

behavioral stimuli. 

Forty-one women and 38 men had their faces 

photographed and their voices and dance movements 

recorded. Subjective perceptions comprised self-

reports and third-party ratings on femininity-

masculinity and attractiveness. Sixty-four (43 

women) and 51 (28 women) participants 

independently rated facial, vocal and 

behavioral femininity-masculinity and attractiveness, 
respectively Both assessments consisted of two 7-

point scales, varying from ‗1‘ (very feminine/not at 

all attractive) to ‗7‘ (very masculine/very attractive). 

Finally, objective measures consisted of facial sexual 

shape dimorphism, vocal fundamental frequency, and 

an ethogram of shoulders and hip movements. 

Chapter 

2 

Previous research showed that men prefer 

and rate women‘s feminine traits as more 

attractive. However, studies are 

inconsistent about men‘s masculine traits. 

Thus, it was tested whether third-party 

raters perceived femininity-masculinity 

concordantly in women‘s and men‘s faces, 

voices, and dance behaviors. 

Standardized facial photographs, vocal recordings 

and dance videos of 41 women and 38 men were 

rated by 43 female and 21 male female students on 

100-point scale (0 = very feminine; 100 = very 

masculine). Participants were Brazilian 

undergraduates from the University of Sao Paulo, 

aged 18-35 years, and mostly identified as white. The 

third-party raters assessed the stimuli of both sexes in 

three randomized blocks. 

Chapter 

3 

Studies indicated that women‘s femininity 

and men‘s masculinity are linked to 

indirect benefits (e.g. genes, health, 

fertility). Thus, they might be preferred in 

conditions of pathogen threat and short-

term relationships. However, male 

masculinity is linked to undesired 

behaviors to long-term mates and therefore 

male femininity/direct benefits (e.g. 

parental care) are preferred by women in 

conditions of resource scarcity and long-

term relationships. But there is a lack of 

studies and inconsistent results about 

men‘s preferences for female femininity in 

such conditions. Thus, it was examined 

whether environmental threats (i.e. 

pathogen threat and resource scarcity) 

influenced women‘s and men‘s 

preferences for femininity-masculinity in 

faces, voices, and dances of the opposite 

sex. The pathogen-prime condition was 

presented in the short-term relationship 

context, while the resource-prime 

condition was showed in the long-term 

relationship context. 

Stimuli: after the procedure of ‗Chapter 2‘, the five 

most masculine and the five most feminine male 

faces, voices, and dances were selected for both 

sexes. 

Prime conditions: firstly, 14 women and seven men 

analyzed 15 images of pathogen threat and 15 images 

of resource scarcity. Then, three images of the former 

and three images of the latter were selected. They 

were then included on priming texts. Three 

newspaper-like articles were written on pathogen 

threat, resource scarcity, and control condition. They 

were pretested with 15 women and ten men. All 

participants were students from the University of Sao 

Paulo, aged 18-35 years, who mostly reported as 

white and heterosexual. 

Experiment: 206 female and 164 male students from 

universities across the state of Sao Paulo, evaluated 

the stimuli of the preferred sex on a 100-point scale 

(0 = not at all attractive; 100 = very attractive). 

Volunteers were heterosexual and mostly white. The 

ratings occurred in either a short-term or long-term 

relationship context. Stimuli were rated twice: after 

participants were primed with the control condition 

and with the environmental threat (either pathogen 

threat or resource scarcity). The conditions were 

presented randomly. 

 

Results of ‗3.1 Chapter one‘ showed that there was a discrepancy between women‘s self-

reports and third-party raters on assessing women‘s facial and vocal femininity and 

attractiveness. These results reinforce previous studies (Feingold, 1992; Muñoz-Reyes et al., 

2015) showing that women‘s self-perceived and third-party measures of attractiveness are 
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independent variables. We suggest that our female sample had their self-concepts on 

femininity influenced by social context (Little & Mannion, 2006; Ben Hamida et al., 1998) 

more than objective measures. According Ben Hamida et al. (1998), women‘s mate value is 

more related to less controllable variables, like youth and reproductive potential. Such 

scenario has selected women who are more aware of their social performance and are more 

influenced by it (Kavanagh & Scrutton, 2015). This is corroborated by the lack of association 

between facial shape and vocal fundamental frequency and women‘s self-reports on 

femininity and attractiveness. 

In contrast, third-party raters assessed women‘s facial and vocal femininity according to 

their feminine facial shape and vocal frequency. Further, other-rated femininity also 

correlated with third-party ratings on attractiveness. Therefore, we replicated the association 

between female femininity and attractiveness (Rhodes, 2006). Since female femininity is 

related to fertility and genetic quality (e.g. Wheatley et al., 2014), our results suggest that men 

were selected to perceive such traits in a potential female partner, while women was selected 

to perceive potential female competitors.  

Women‘s results in ‗3.1 Chapter one‘ are corroborated by the positive association between 

feminine female faces and feminine female voices in ‗3.2 Chapter two‘. Such results suggest 

that women‘s faces and voices are providing concordant cues to third-party raters regarding 

female femininity. Nevertheless, we found no correlation between facial and vocal objective 

measures and female attractiveness. This indicates that social factors are also influencing in 

some extent third-party ratings of attractiveness. 
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Table 12 – Summary of hypotheses and results. 

 Hypotheses Results 

Chapter 

1 

Firstly, we assumed that self-reports and third-

party ratings of femininity-masculinity and 

attractiveness would be associated. Secondly, we 

hypothesized that subjective perceptions and 

objective measures of femininity-masculinity and 

attractiveness would be related. 

Men‘s self-reports on femininity-

masculinity and attractiveness were 

associated with third-party ratings. Masculine 

male voice pitch correlated with subjective 

perceptions of femininity-masculinity. In 

women, there was no association between 

self- and other-rated femininity and 

attractiveness, or between subjective 

perceptions and objective measures. For 

behavioral stimuli only men‘s subjective 

perceptions on attractiveness correlated. 

Chapter 

2 

We hypothesized that women‘s faces, voices, and 

dances would be perceived concordantly as cues 

to femininity-masculinity, but men‘s traits would 

not. 

As predicted, a positive correlation between 

women‘s faces and voices was found. In men, 

faces and voices showed no concordance. No 

correlation was found among dance behavior 

and the previous traits in both sexes. 

Chapter 

3 

We predicted that both women and men would 

increase preference for faces, voices, and dances 

with indicators of indirect investment (i.e. 

feminine female and masculine male traits) when 

primed with cues of pathogen threat in a short-

term context. When primed with cues of resource 

threat in a long-term context, both women and 

men would increase preference for faces, voices, 

and dances with indicators of direct investment 

(i.e. feminine female and male traits). 

Results partially confirmed the hypotheses for 

the long-term relationship context: women 

found men‘s masculine faces and feminine 

voices more attractive, while men rated 

masculine female voices as more attractive. 

For the short-term relationship context, 

pathogen-prime condition and femininity-

masculinity however did not influence the 

results of both sexes. No effect was found for 

dance behavior in both contexts. 

 

In the case of masculine male perception, men‘s self-perception and third-party ratings on 

facial and vocal masculinity associated. However, men‘s self-perception and third-party 

ratings on facial masculinity were not influenced by the objective measures studied, i.e. facial 

sexual shape dimorphism. Moreover, subjective perceptions did not associate with self-

perception and third-party ratings on facial attractiveness. Previous studies show that facial 

perception is influenced by other aspects (e.g. Valentova et al., 2017b) besides masculinity 

and thus other traits influenced both perceptions on facial masculinity and attractiveness.  

For men‘s voice, we found that masculine vocal pitch associated with the self-perception 

and third-party ratings on male masculinity, suggesting that voice could be a better indicator 

of male masculinity than faces and dance movements. In fact, previous studies suggest that 

vocal masculinity cue to dominance (Rezlescu et al., 2015), which is relevant since men‘s 

mate value is more associated with status-relevant characteristics (Ben Hamida et al., 1998). 

Nevertheless, only subjective perceptions of vocal masculinity associated with subjective 

perception of vocal attractiveness, while vocal pitch did not correlate with vocal 

attractiveness. Those results suggest that other factors are influencing third-party raters on 
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assessing men‘s vocal attractiveness, such as the trade-offs faced by women between men‘s 

indirect and direct investments (reviewed in Buss & Schmitt, 2019). 

Moreover, the different results found between men‘s faces and voices in ‗3.1 Chapter one‘ 

were corroborated by the lack of association between masculine male faces and voices in ‗3.2 

Chapter two‘. Our results thus reinforce a growing number of studies indicating that male 

faces and voices cue distinct characteristics (Rezlescu et al., 2015; Varella et al., 2014; Wells 

et al., 2013). 

For dance movements, we only found that other-rated femininity of women‘s dance 

movements correlated with other-rated attractiveness, and men‘s self-reports on attractiveness 

associated with third-party ratings on attractiveness. Therefore, we partially replicated the 

association between body movements and attractiveness (Fink et al., 2015), but we did not 

replicate the link between body movements and the perception of FM (Troje, 2003). This 

result is corroborated by the fact that dance movements did not associate with feminine 

female faces or voices in ‗3.2 Chapter two‘. 

Moreover, we found an association between women‘s youth and higher levels of hip 

movements. The reason might be related to the influence of sex hormones in the body 

composition (Jasieńska et al., 2004). Women develops permanent stores of fat around the 

buttocks, and thighs (Puts, 2010), i.e., wider hips compared to the waists. In addition, 

feminine bodies were associated with reproductive maturity, and fecundability (Jasieńska et 

al., 2004). Therefore, our results suggest that dance behavior develops by distinct processes 

than faces and voices, and that women‘s dance movements might be related to other objective 

measures, like waist-to-hip ratios (Röder et al., 2015). 

Finally, we examined the influence of pathogen threat and resource scarcity on third-party 

perceptions of femininity-masculinity. In the long-term relationship context, we reinforced the 

female preference for a mosaic of men‘s masculine and feminine traits after the resource-

prime condition (Buss & Shackelford, 2008; Varella et al., 2014). Women, thus, ensure the 

access to male indirect and direct investments. In the case of men‘s preferences, we showed 

that they preferred masculine female voices. Previous studies suggest that masculine women 

could have better access to resources through competition (Cashdan, 2003). Moreover, 

feminine women were assessed as more likely to be unfaithful and pursue short-term 

relationships (Boothroyd et al., 2008), and to have rather poor adjustment to long-term 

relationship context (Hoffman & Fidell, 1979). Therefore, our results suggest that men might 

also face a trade-off between masculine and feminine female traits.  
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For the short-term relationship context, we found no influence of pathogen threat in 

women‘s and men‘s preferences for femininity-masculinity in a potential partner of the 

opposite sex. Our results replicate some studies that did not find any association when using a 

standalone-rating design (e.g. Lee et al., 2013; Lee and Zietsch, 2015), because human 

preferences for sexual dimorphism may be a recent manifestation (Scott et al., 2014). For 

further discussion see ‗3.3 Chapter three‘. 

The current study showed some limitations. Firstly, our sample consisted of only university 

students across Sao Paulo State. Further, dance videos were recorded in a scientific 

laboratory, which might have influenced participants‘. Moreover, we only analyzed results of 

heterosexual women and men. Therefore, future studies should examine the influence of a 

more diverse Brazilian sample, regarding ethnics, social class, education, and sexual 

orientation. Moreover, it is necessary to further investigate how femininity-masculinity 

influences dance behavior. Finally, future research should further examine the influence of 

study design and unmanipulated stimuli on results.  

Despite the limitations, the current study advanced the discussion concerning the 

subjective perception of femininity-masculinity and how human preferences for such traits 

vary according to environmental threats. We have also introduced the dance movements in 

such experimental design. Finally, our samples were collected among Brazilian, increasing 

the discussion about the influence of culture in such topic. 
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