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ABSTRACT 
 
Facial attractiveness provides a very powerful motivation for sexual and parental 
behavior. We therefore review the importance of faces to the study of neurobiological 
control of human reproductive motivations. For heterosexual individuals there is a 
common brain circuit involving the nucleus accumbens, the medial prefrontal, dorsal 
anterior cingulate and the orbitofrontal cortices that is activated more by attractive 
than unattractive faces, particularly for faces of the opposite sex. Behavioral studies 
indicate parallel effects of attractiveness on incentive salience or willingness to work 
to see faces. Both work/effort and brain activation to the sight of opposite sex 
attractiveness is more pronounced in men than women, perhaps reflecting the greater 
importance assigned to physical attractiveness by men when evaluating a potential 
mate. Studies comparing heterosexual and homosexual observers indicate the 
orbitofrontal cortex and mediodorsal thalamus are more activated by faces of the 
desired sex than faces of the less preferred sex, independent of observer gender or 
sexual orientation. Infant faces activate brain regions that partially overlap with those 
responsive to adult faces. Infant faces provide a powerful stimulus, which also elicits 
sex differences in behavior and brain responses that appear dependent on sex 
hormones. There are many facial dimensions affecting perceptions of attractiveness 
that remain unexplored in neuroimaging, and we conclude by suggesting that future 
studies combining parametric manipulation of face images, brain imaging, hormone 
assays and genetic polymorphisms in receptor sensitivity are needed to understand the 
neural and hormonal mechanisms underlying reproductive drives. 
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Glossary of terms and abbreviations 
 
Imaging technique terms: 
PET – positron emission tomography 
fMRI – functional magnetic resonance imaging 
MEG – magnetoencephalography 
EEG – electroencephalography 
ERP – event-related potential 
BOLD – blood-oxygen-level dependent 
 
Brain structures: 
FFA – fusiform face area  
FG – fusiform gyrus  
IFG – inferior frontal gyrus  
IOG – inferior occipital gyrus  
mdT – mediodorsal nucleus of the thalamus 
NAcc – nucleus accumbens 
OFC – orbitofrontal cortex  
PFC – prefrontal cortex  
mPFC – medial prefrontal cortex  
vmPFC – ventromedial prefrontal cortex  
STS – superior temporal sulcus  
SDN – sexually dimorphic nucleus of the preoptic area of the hypothalamus 
SLEA – sublenticular extended amygdala 
VTA – ventral tegmental area 
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I. Neural correlates of face perception 

Facial perception is an extremely well developed skill among humans – one that is 

essential for social interactions. We garner a wealth of socially relevant information, 

such as emotion and familiarity, from the face. Behavioral research has demonstrated 

that humans rapidly form a number of social attributions, judging the trustworthiness 

(Stirrat & Perrett, 2010), leadership potential (Re et al., 2013; Rule & Ambady, 2008), 

and health (Coetzee, Perrett, & Stephen, 2009) of individuals based on their faces 

alone. Imaging work exploring the neural correlates of face perception has provided 

evidence that a specialized neural system exists for face perception. This distributed 

cortical network includes multiple regions (Haxby, Hoffman, & Gobbini, 2002, 2000; 

Kanwisher, McDermott, & Chun, 1997) and has a degree of functional lateralization 

to the right hemisphere (Kanwisher et al., 1997).  

 

The face processing system in located primarily in the occipito-temporal cortex in 

both monkeys and humans (Freiwald & Tsao, 2010; Kanwisher & Yovel, 2006; 

Perrett, Hietanen, Oram, & Benson, 1992; Tsao, Freiwald, Tootell, & Livingstone, 

2006). Early work in humans demonstrated consistent activation of a region of the 

lateral fusiform gyrus in response to facial stimuli (Halgren et al., 1999; Kanwisher et 

al., 1997; McCarthy, Puce, Gore, & Allison, 1997). This ‘fusiform face area’ may 

represent a specialized module for facial processing that does not appear to process 

other categories of objects, despite expertise and familiarity (Grill-Spector, Knouf, & 

Kanwisher, 2004; though see Bilalic, Lagner, Ulrich, & Grodd, 2011; Gauthier, Tarr, 

Anderson, Skudlarski, & Gore, 1999). Subsequent work has revealed other posterior 

brain regions that predominantly process facial information (Tsao, Moeller, & 

Greiwald, 2008).   
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More recently, and building on Bruce and Young’s (1986) model of face perception, 

Haxby et al. (2000, 2002) have proposed a model comprised of a “core system” and 

“extended system” (Figure 1). The core system of this model consists of three regions 

in the visual extrastriate cortex: the inferior occipital gyrus (IOG), fusiform gyrus 

(FG, location of the fusiform face area or FFA), and superior temporal sulcus (STS). 

The IOG provides input to the FG and STS, which modulate the representation of 

fixed aspects of the face such as identity and the representation of changeable aspects 

of the face such as biological motion, respectively. While the core system is thought 

to be crucial for the visual analysis of facial stimuli, the extended system is 

considered a component of the neural network of face processing in that regions 

within this system are recruited to process the significance of information ascertained 

from the face. Haxby et al’s extended system consists of neural regions associated 

with other cognitive functions such as attention (i.e., intraparietal sulcus) and speech 

perception (i.e., auditory cortex). In Haxby’s model, key components of the extended 

system are the insula and what they call the limbic system (i.e. regions such as the 

hippocampus, thalamic nuclei, fornix, and cingulate gyrus). Haxby et al. posit that the 

limbic system is involved in emotion perception, which may relate to processing of 

the social significance of facial stimuli.  

 

[INSERT FIGURE 1 ABOUT HERE] 

 

Because of its effective connectivity with the FFA, the orbitofrontal cortex (OFC) 

may also be involved in this extended system for face processing (Fairhall & Ishai, 

2007). Indeed, face-selective neurons in the OFC have been identified in monkeys 
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(Thorpe, Maddison, & Road, 1983), and in humans the OFC responds more strongly 

to images of people than images of non-people (Kawabata & Zeki, 2008).  The OFC 

is a key component of the traditional reward circuitry, implicated in the representation 

of reward value (Kringelbach & Radcliffe, 2005). Activation in the OFC has been 

observed during aesthetic judgements (Ishizu & Zeki, 2013; Jacobsen, Schubotz, 

Höfel, & Cramon, 2006) and the experience of beauty across different sensory 

modalities (Ishizu & Zeki, 2011), suggesting a potential role for this region in the 

aesthetic assessment of faces, including judgements of facial attractiveness. In light of 

research demonstrating activation in brain regions associated with the processing of 

rewards (e.g., the OFC, prefrontal cortex or PFC1, nucleus accumbens or NAcc), 

Senior (2003) proposed an extension of Haxby’s model incorporating specific 

involvement of the reward-system for the processing of facial appearance, especially 

relevant for the perception of facial attractiveness (Figure 1). See Figure 2 for a visual 

representation of the anatomical regions described above. 

 

[INSERT FIGURE 2 ABOUT HERE] 

 

While there is strong evidence for the existence of a general face processing system, 

whether or not all faces are processed in the same fashion remains to be determined. 

For instance, some behavioral and neuroimaging studies would suggest that an 

opposite-sex bias in face processing may occur among heterosexual individuals. 

Electrophysiological studies have demonstrated larger centro-parietal N400s and late 

positive components (LPCs, sometimes referred to as the late positive potential or 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Anatomically, the prefrontal cortex (PFC) comprises the ventromedial prefrontal cortex and frontal 
pole (BA10), dorsomedial prefrontal cortex (BA9), orbitofrontal cortex (BA11), and parts of the 
anterior cingulate cortex. These subregions of the prefrontal cortex constitute distinct functional 
modules (Bzdok et al., 2013; Croxson et al., 2005). 
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LPP), components which are thought to represent neural responses to meaningful or 

motivationally relevant stimuli, in response to opposite-sex as compared to same sex 

faces (Proverbio, Riva, Martin, & Zani, 2010a). These responses are indicative of 

heighted attention to and/or memory for opposite-sex faces as compared to same-sex 

faces. Analyses of the intra-cortical source of these responses suggest that many of 

the neural correlates of face processing may demonstrate these sex-biased activation 

patterns.  

 

Although there is some evidence that Haxby’s core system, particularly the FG 

(Proverbio et al., 2010a; Turk et al., 2004) and the STS (O’Doherty et al., 2003) may 

respond more strongly to opposite-sex faces than to same-sex faces in heterosexual 

individuals, in a study of both heterosexual and homosexual individuals, Kranz and 

Ishai (2006) found no evidence that stimulus sex modulated face responses in these 

regions. By contrast, there is more consistent evidence for an opposite-sex bias in 

activation of neural regions associated with Haxby’s extended system. An opposite-

sex biased neural response has been observed in the amygdala (Aharon et al., 2001; 

Fisher et al., 2004; c.f., Kranz & Ishai, 2006), cingulate cortex (Proverbio et al., 

2010a; Turk et al., 2004), insular cortex (Fisher et al., 2004; Turk et al., 2004; c.f., 

Kranz & Ishai, 2006), OFC and regions of the PFC (Ishai, 2007; Kranz & Ishai, 2006; 

Spreckelmeyer, Rademacher, Paulus, & Gründer, 2012; Turk et al., 2004; c.f., 

O’Doherty et al., 2003), mdT (Kranz & Ishai, 2006), as well as in additional reward-

related structures such as the NAcc (Bray & O’Doherty, 2007) and VTA (Aharon et 

al., 2001). Together these findings suggest that, among heterosexual individuals, 

opposite-sex faces may hold greater significance or reward value than same-sex faces. 
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II. Sexual Dimorphisms in Face Processing 

Although the cortical network involved in face processing is bilaterally distributed 

throughout the brain, a right hemisphere dominance has been observed using a 

number of imaging techniques including: electroencephalography (EEG, Bentin, 

Allison, Puce, Perez, & McCarthy, 1996; Halit, Haan, & Johnson, 2000), functional 

magnetic resonance (fMRI, Kanwisher et al., 1997; McCarthy et al., 1997), 

magnetoencephalography (MEG, Itier, Herdman, George, Cheyne, & Taylor, 2006; 

Sams, Hietanen, Hari, Ilmoniemi, & Lounasmaa, 1997), positron emission 

tomography (PET, Rossion et al., 2000), and single-cell recordings (Perrett et al., 

1988).  

 

Interestingly, this right hemisphere lateralization is more apparent in men than in 

women. Using MEG, Tiedt et al. (2013) investigated sex differences in the M170, 

which originates from sources within the FG (Deffke et al., 2007; Halgren, Raij, 

Marinkovic, Jousmäki, & Hari, 2000; Kanwisher et al., 1997), in response to viewing 

faces. A right-lateralized M170 response was observed in men while viewing faces, 

whereas women showed a bilateral M170 response to the same stimuli. Similar 

evidence for a sex difference in lateralization comes from EEG work, which reports 

larger N170 responses to faces in the right than left hemisphere among men, but no 

such right-hemisphere dominance among women (Proverbio et al., 2010b). The 

N170-component is thought to reflect the structural encoding of faces (Bentin et al., 

1996) and parallels with the M170 component observed in MEG recordings (Halgren 

et al., 2000; Liu, Harris, & Kanwisher, 2002). Source localization of this response has 

indicated that the observed activation originated in the FG, although some other 
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studies have suggested that the N170 is influenced by sources in other face-responsive 

regions such as the STS (Itier & Taylor, 2004).  

 

Sex differences have also been observed in lateralization of the P2 component when 

facial stimuli are presented), however these observed sex differences in lateralization 

of the P2 response were not linked to attractiveness of the facial stimuli (van Hooff, 

Crawford, & van Vugt, 2011). Although it is not necessarily face-specific, the P2 

component is thought to relate to the emotional significance of stimuli, as it is 

typically larger for pleasant and unpleasant stimuli as compared to neutral stimuli 

(Amrhein, Mühlberger, Pauli, & Wiedemann, 2004).  

 

Sex differences in brain anatomy may contribute to the sex difference in the 

lateralization of face processing. Across a number of brain regions, sex differences 

have been observed with regards to both structure and function (for reviews, see 

Luders & Toga, 2010; Zaidi, 2010). These sex differences in brain anatomy may 

influence a number of cognitive functions such as spatial tasks and verbal memory 

tasks (Hyde & Linn, 1988; Johnson et al., 2002; Lin & Peterson, 1985; Shaywitz et 

al., 1995). Such structural and functional differences could lead to sexual 

dimorphisms in response to faces in general as well as facial attractiveness, 

specifically. Indeed, women have more white matter than men (Witelson et al., 1995) 

and a larger corpus callosum (Bishop & Wahlsten, 1997; Leonard, Towler, Welcome, 

& et al., 2008), which may allow for greater neural transmission between the two 

hemispheres. 
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Sexual dimorphism also occurs in the opposite-sex bias for face processing; some 

studies suggest the opposite-sex bias exists in only one sex or the other, while others 

indicate that this processing bias may present differently in men and women. For 

example, men exhibit a larger P2 potential response to opposite-sex faces than same-

sex faces over left temporal sites, whereas women exhibit a similar increased P2 

opposite-sex face response over central cites (Suyama et al., 2008). Similarly, 

Spreckelmeyer et al. (2012) found that although there is evidence of an opposite-sex 

bias in neural responses within the reward circuitry, the effect was larger for men than 

women in the NAcc but larger for women than men in the VTA while no sex 

differences were apparent in the vmPFC. 

 

Non-human animal research suggests that hormonal factors, in addition to genetic and 

environmental factors, influence sexual dimorphism in brain structure and function. 

Indeed, greater sexual dimorphism is seen in brain regions that show greater levels of 

sex steroid receptors during cerebral development (Goldstein et al., 2001). For 

example, the sexually dimorphic nucleus (SDN) of the preoptic area of the 

hypothalamus, which is involved in mating behavior, is larger in male than female 

rats (Raisman, 1971), but it is possible to reduce this sexual dimorphism in size by 

exposing males to the sex steroid hormones estrogen and progesterone (Bloch et al., 

1981). Similar hormonal modulation of neural development may also occur in 

humans in brain regions important for face processing and emotional expressions such 

as the visual cortex and amygdala. The amygdala develops at different rates in males 

and females and may be sexually dimorphic due to early androgen influences. 

Specifically, the superficial nuclei group of the amygdala, which demonstrates 

coactivation with the insula, IFG, and NAcc, may influence sexually dimorphic 
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responses to faces as this region has been implicated in the processing of social 

stimuli and is linked to olfactory areas important for the processing of reproductive 

cues such as pheromones (Bzdok et al., 2013).Additionally, both the visual cortex and 

the amygdala are densely populated with androgen receptors (Hamann et al., 2005; 

Nunez et al., 2000, 2003). Such differences in androgen receptor density may account 

for sex differences in basic perceptual processes (Abramov, Gordon, Feldman, & 

Chavarga, 2012). These hormonally influenced sexual dimorphisms in structural 

development may contribute to the sexually dimorphic responses observed in the face 

processing neural network. 

 

III. Neural responses to facial attractiveness 

One important form of information ascertained from faces is physical attractiveness. 

Evolutionary theories posit that the psychological mechanisms underlying 

attractiveness judgments reflect adaptations that have evolved to aid in the selection 

of high quality mates. Such a hypothesis is founded upon the notion that physical 

attractiveness reflects the presence of certain traits or features that are indicative of 

health or overall mate quality (i.e., cues to both direct and indirect benefits). That 

perceptions of facial attractiveness show a high level of agreement between 

individuals, across cultures and age-groups, as well as across the sexes is evidence 

that preferences for attractiveness may, at least in part, reflect adaptations for social 

bonding (see Langlois et al., 2000 for meta-analysis). Such agreement does not imply 

innate preferences since agreement may reflect common learning, yet the faculty of 

learning itself can be considered an adaptation.  
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Facial attractiveness has been positively related to reproductive success (Jokela, 2009; 

Rhodes, Simmons, & Peters, 2005), health and longevity (Henderson & Anglin, 2003; 

Shackelford & Larsen, 1999), immunocompetence (Jones, Little, Tiddeman, Burt, & 

Perrett, 2001; Scheib, Gangestad, & Thornhill, 1999), immune function (Klein, 2000; 

Lie, Rhodes, & Simmons, 2008; Roberts et al., 2005; Roney, Hanson, Durante, & 

Maestripieri, 2006), and healthy ageing and diet (Fink, Grammer, & Thornhill, 2001; 

Jones, Little, Burt, & Perrett, 2004; Matts, Fink, Grammer, & Burquest, 2007; 

Stephen, Oldham, Perrett, & Barton, 2012). 

 

Facial attractiveness strongly influences the impressions we form of unknown 

individuals. Attractiveness carrys positively valenced stereotypes such as ‘what is 

beautiful is good’ (i.e., the attractiveness halo effect; Dion, Berscheid, & Walster, 

1972; Nisbett & Wilson, 1977). Indeed, attractive individuals are perceived as more 

competent (Mobius & Rosenblat, 2006), more intelligent (Zebrowitz, Hall, Murphy, 

& Rhodes, 2002), more interesting (Berscheid & Walster, 1974), and as possessing 

more positive personality traits in general compared to unattractive individuals 

(Snyder, Tanke, & Berscheid, 1977). These perceptions can even influence real world 

outcomes. Attractive individuals are more likely to be hired (for a meta-analytic 

review, see Hosoda, Stone-Romero, & Coats, 2003), tend to earn more money 

(Hamermesh & Biddle, 1994), and experience greater dating success (Walster, 

Aronson, Abrahams, & Rottman, 1966; Woll, 1986) and social success (Prestia, 

Silverston, Wood, & Zigarmi, 2002) than their less attractive counterparts. 

 

In light of the marked effects attractiveness can have on social interactions, it is 

important to determine if facial attractiveness influences face processing. Attractive 
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faces have been shown to capture attention (Chen, Liu, & Nakabayashi, 2012; Leder, 

Tinio, Fuchs, & Bohrn, 2010) and bias subsequent cognitive processes (Olson & 

Marshuetz, 2005) to a greater extent than unattractive faces. EEG studies have shed 

light on the temporal dynamics of attractiveness processing, indicating that 

attractiveness may begin to exert effects as early as the structural encoding stage. 

Early indices of visual processing, including the early posterior negativity (EPN) and 

N170 components, are modulated by facial attractiveness (Marzi & Viggiano, 2010; 

Pizzagalli et al., 2002; Schacht, Werheid, & Sommer, 2008; van Hooff et al., 2011; 

Werheid, Schacht, & Sommer, 2007; Zhang & Deng, 2012). This early effect of 

attractiveness is apparent over frontal and posterior sites. In addition to the early 

structural encoding stage of face processing, attractiveness appears to have effects in 

later stages whereby affective and identity information is extracted from faces. The 

parieto-central LPC, which is thought to reflect heightened processing linked to 

motivation and attention, is modulated by facial attractiveness (Johnston & Oliver-

Rodríguez, 1997; Marzi & Viggiano, 2010; Oliver-Rodríguez, Guan, & Johnston, 

1999; Werheid et al., 2007; Zhang et al., 1995; Zhang & Deng, 2012). 

 

The FG is thought to be the cortical source of the N170 response sensitive to facial 

attractiveness (Pizzagalli et al., 2002). A number of studies have provided evidence 

for a positive correlation between facial attractiveness and activation in the FG 

(Chatterjee, Thomas, Smith, & Aguirre, 2009; Cloutier, Heatherton, Whalen, & 

Kelley, 2008; Kranz & Ishai, 2006; Pochon, Riis, Sanfey, Nystrom, & Cohen, 2008; 

Winston, O’Doherty, Kilner, Perrett, & Dolan, 2007; c.f., Iaria, Fox, Waite, Aharon, 

& Barton, 2008; Tsukiura & Cabeza, 2011). Indeed, recent meta-analyses confirmed 

that increased activation in the FG for attractive faces as compared to unattractive 
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faces is highly consistent across studies (Bzdok et al., 2011; Mende-Siedlecki, Said, 

& Todorov, 2013). Activation of the FG also appears to be stronger for assessments 

of attractiveness than other assessments, such as tallness (Kedia, Mussweiler, Mullins, 

& Linden, 2013). There is mixed evidence, however, for attractiveness effects within 

the remaining components of Haxby’s core system (i.e., the IOG and STS). While two 

studies found a positive relationship between IOG activation and facial attractiveness 

(Kranz & Ishai, 2006; Vartanian, Goel, Lam, Fisher, & Granic, 2013), another found 

a negative relationship (O’Doherty et al., 2003). Similarly, Kranz and Ishai (2006) 

found evidence that activation in the STS was modulated by facial attractiveness 

while Iaria et al. (2008) found that STS activation did not differ for attractive and 

unattractive faces.   

 

While evidence for the involvement of the entirety of Haxby’s core system in the 

processing of facial attractiveness may be equivocal, there is strong support for 

involvement of the so-called extended system, including Senior’s (2003) addition of 

reward-related brain structures. While an early study using PET revealed greater 

activity in the left medial frontal cortex and left insular and orbitofrontal cortices for 

attractive as compared to unattractive faces (Nakamura et al., 1998), perhaps the most 

consistently reported finding is increased activity in the OFC for attractive as 

compared to unattractive faces (Aharon et al., 2001; Bray & O’Doherty, 2007; 

Cloutier et al., 2008; Hampshire, Chaudhry, Owen, & Roberts, 2012; Iaria et al., 

2008; Ishai, 2007; Kawabata & Zeki, 2004; Kim, Adolphs, O’Doherty, & Shimo, 

2007; Kranz & Ishai, 2006; Liang, Zebrowitz, & Zhang, 2010; Nakamura et al., 1998; 

O’Doherty et al., 2003; Smith et al., 2010; Tsukiura & Cabeza, 2011a, 2011b; 

Winston et al., 2007; Zaki, Schirmer, & Mitchell, 2011). The OFC is thought to index 
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the reward value of stimuli; activity in this region increases with monetary gain in 

humans (O’Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001) and with the 

sucrose content of juice rewards among non-human primates (Roesch & Olson, 

2004). Notably, a positive association with attractiveness has most often been 

observed in the medial region of the OFC, whereas a negative association has been 

observed in the lateral OFC (Cloutier et al., 2008). This pattern of results is supported 

by non-face research indicating involvement of the medial OFC in reward and the 

lateral OFC in punishment (Kringelbach & Rolls, 2004). Additional elements of the 

reward circuitry responds positively to facial attractiveness; stronger responses have 

been observed for attractive compared to unattractive faces in the VTA (Aharon et al., 

2001; Aron et al., 2005), PFC (inferior PFC and mPFC: Chatterjee et al., 2009; 

mPFC: Cloutier et al., 2008; ventrolateral PFC: O’Doherty et al., 2003), basal ganglia 

(caudate: Bray et al., 2007; Pochon et al., 2008, putamen: Liang et al., 2010), ventral 

striatum (Kampe et al., 2001) and the NAcc (Aharon et al., 2001; Bray et al., 2007; 

Cloutier et al., 2008; Kim et al., 2007; Liang et al., 2010; Smith et al., 2010’ Zaki et 

al., 2011). The thalamus and cingulate cortex also tend to respond more strongly to 

attractive faces than unattractive faces (Cloutier et al., 2008; Kawataba et al., 2004; 

Kranz & Ishai, 2006; Liang et al., 2010; O’Doherty et al., 2003; Pochon et al., 2008; 

Tsukiura et al., 2011a; Winston et al., 2007), although there is some evidence that the 

cingulate may respond in a non-linear fashion (Tsukuira et al., 2011a). Similarly, the 

amygdala appears to respond non-linearly to facial attractiveness, with greater 

activation in response to highly attractive or highly unattractive faces compared to 

average faces (Liang et al., 2010; Mende-Siedlecki et al., 2012; Winston et al., 2007), 

although other studies have observed a positive linear response to attractiveness in 

this region (Aharon et al., 2001; Iaria et al., 2008; Kranz & Ishai, 2006). 
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That brain regions associated with reward respond to facial attractiveness suggests 

physical attractiveness may hold incentive salience (Berridge & Robinson, 2003) and 

influence behavior. Indeed, Wilson and Daly (2004) demonstrated that men will 

discount high future rewards in exchange for lesser immediate rewards after viewing 

attractive opposite-sex faces (i.e., temporal discounting). Some evidence suggests that 

facial attractiveness may even be a stronger reward stimulus than money; Zeng et al. 

(2012) found that for men, viewing attractive women resulted in a larger LPC 

response than winning money did, a result they attribute to the possibility that 

attractive potential mates may be more direct rewards than monetary gain.  

 

Using an effort-based key-pressing task, Aharon et al., (2001) measured the incentive 

salience of facial attractiveness in a group of men, while additional groups viewed the 

same faces during fMRI scanning or provided aesthetic ratings of the faces. General 

attractiveness effects, whereby greater BOLD responses were observed when 

contrasting attractive versus unattractive faces, were seen in the VTA, sublenticular 

extended amygdala (SLEA), and OFC. This attractiveness effect interacted with sex 

of face, such that the attractive – unattractive contrast was larger for opposite-sex 

faces than same-sex faces, in the NACC, VTA, and SLEA. Effort expended in the 

key-pressing task more accurately mirrored the pattern of activation seen in reward-

related brain regions (i.e. the interaction between attractiveness and sex of face) than 

did aesthetic ratings, leading to the conclusion that this key-press task may be an 

behavioral measure of the reward value of “beauty”. Further support for this link 

between key-pressing behavior and incentive salience comes from work with 

prosopagnosics (Iaria et al., 2008) and individuals suffering from post-traumatic stress 
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disorder (Elman et al., 2005). These individuals either suffer from perceptual deficits 

or anhedonia, both of which should impact the incentive salience of facial 

attractiveness. Indeed, both groups were found to significantly differ from control 

participants in that they did not exert greater effort to view attractive as compared to 

unattractive faces. These data highlight the involvement of a distributed neural 

network, including both the core and extended systems of Haxby’s model, for 

processing and interpreting facial attractiveness. 

 

Is attractiveness a temporally invariant or a dynamic aspect of facial appearance? The 

nature of attractiveness as a fixed or fluid aspect of appearance is a question that 

remains unanswered. Involvement of the core system implies that attractiveness may 

be a fixed or invariant aspect of faces. In light of the considerable evidence that the 

extended system, including Senior’s (2003) addition of reward-related structures, also 

responds differentially to facial attractiveness suggests that attractiveness may be a 

variable aspect of faces. Indeed, there is behavioral (Jones, Debruine, Little, Conway, 

& Feinberg, 2006; Main, DeBruine, Little, & Jones, 2010; Quist, DeBruine, Little, & 

Jones, 2012) and neurobiological (Kampe, Frith, Dolan, & Frith, 2001; O’Doherty et 

al., 2003) evidence that facial attractiveness is not simply a consequence of 

aesthetically pleasing characteristics, but rather an integration of multiple cues 

including physical appearance, inter-personal engagement, and emotional expression.  

 

It is notable that the neural correlates of the processing of facial attractiveness share a 

very high degree of overlap with those seen for the processing of facial 

trustworthiness (Bzdok et al., 2012; Mende-Siedlecki et al., 2012), suggesting that the 

same facial cues may influence multiple aspects of face processing and social 
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judgments. Oosterhof and Todorov (2008) argue that faces are assessed on two 

orthogonal dimensions, namely valence and dominance. Under this two dimensional 

analysis attractiveness aligns quite closely to the valence dimension, though 

attractiveness is also positively related to dominance. Yet attractiveness is more than 

valence since it is also affected by cues to health, sexual dimorphism, age, etc. Indeed, 

while O'Doherty et al. (2003) report that the orbitofrontal cortex is activated by both 

positive facial expressions and physical attractiveness, other brain systems responsive 

to beauty are unaffected by valence. Moreover most studies of brain responses to 

facial attractiveness use images that have neutral expressions and therefore limited in 

differences in valence. 

 

A shortcoming of the current model of face perception (Figure 1) is that it does not 

explicitly define the invariant and variable aspects of faces beyond identity and 

emotion or movement, respectively, nor does it specify the temporal conditions of 

variant features. Skin color, for example, is a changeable aspect of facial appearance 

that influences a number of social judgments and can change over the course of 

several weeks with dietary changes (Whitehead et al., 2012), days with current health 

and blood perfusion changes (Stephen, Coetzee, Law Smith, & Perrett, 2009), or mere 

seconds with emotions and arousal (Hahn, Lefevre, & Perrett, 2013; Hahn, 

Whitehead, Albrecht, Lefevre, & Perrett, 2012; Levenson, 2003). Emotional 

expression and facial movements which the model (Haxby et al., 2000; Yovel & 

Belin, 2013) defines as variable aspects of the face again change over a very fast time 

course (and expressions and eye contact affect the attractiveness and rewarding nature 

of faces (Jones, Debruine, Little, Conway, & Feinberg, 2006; Kampe, Frith, Dolan, & 

Frith, 2001; O’Doherty et al., 2003). While these aspects undergo rapid variation, 
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identity, an invariant feature, is fixed across the lifespan. The morphological structure 

of the face is relatively unchanging (with the exception of facial growth during 

childhood an adolescence), but can be affected by variations in facial adiposity, and 

by skin texture changes. These physical aspects of facial appearance need to be 

defined within the model in order to gain a better understanding of the neural 

correlates of face perception and, in turn, the perception of facial attractiveness and 

other social cues.  

 

IV. Sex differences and similarities in responses to attractiveness 

Evolutionary theories of human mate preferences posit that physical attractiveness is a 

desirable trait in a potential mate in that it signals underlying quality, thus providing 

direct and indirect benefits to the individual. Both men and women rate physical 

attractiveness as an important characteristic in a potential mate, however a sex 

difference exists such that physical attractiveness is somewhat more important for 

men than it is for women when considering a potential mate (Buss & Barnes, 1986; 

Buss, 1989). This sex difference may arise because physical attractiveness can signal 

different aspects of “quality” in males and females. There is some evidence that the 

link between attractiveness and health is stronger in females than males (Hume & 

Montgomerie, 2001; Weeden & Sabini, 2005). Attractiveness of women is more 

closely related to young adult age than in men since fertility and fecundity are limited 

in women by menopause. Conversely, socioeconomic status during childhood is the 

best predictor of male physical attractiveness (Hume & Montgomerie, 2001). As such, 

physical attractiveness may be an indirect indicator of men’s physiological quality, in 

addition to the direct benefits. Women place additional importance on traits not 

related to physical attractiveness such as social status (Buss & Schmitt, 1993). Cues to 
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current social status and resources during development may communicate information 

about men’s resource provisioning abilities, thus influencing female preferences. 

When considering a potential mate, women must make trade-offs between genetic 

fitness indicators and indicators of the likely investment the male may make in the 

relationship as well as in future offspring (Gangestad & Simpson, 2000). 

Attractiveness preferences among women have been shown to vary with mating 

strategy – those women interested in short-term mating opportunities show increased 

preferences for physical attractiveness while those most interested in securing a long-

term relationship show increased preferences for the man’s earning potential 

(financial prospects) presumably to support a family (Buss & Schmitt, 1993). In light 

of these sex differences in the importance of physical attractiveness, sexual 

dimorphism may occur in the incentive salience of facial attractiveness. 

 

Behavioral work utilizing the key-press paradigm has provided some evidence for sex 

differences in response to facial attractiveness. Both men and women will exert 

greater effort to view attractive than unattractive faces (Aharon et al., 2001; Dai, 

Brendl, & Ariely, 2010; Hahn, Xiao, Sprengelmeyer, & Perrett, 2013; Iaria et al., 

2008; Levy et al., 2008) and there is some evidence that both sexes exert greater effort 

for opposite-sex faces than same-sex faces overall (Hahn, Xiao, et al., 2013; Iaria et 

al., 2008). Same-sex faces in general, however, may hold greater incentive salience 

among women than men (Dai et al., 2010; Hahn, Xiao, et al., 2013; Iaria et al., 2008; 

Levy et al., 2008), although attractiveness does impact on both the incentive salience 

of both same-sex and opposite-sex faces (e.g. Dai et al., 2010; Elman et al., 2005).  
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There is high agreement between the sexes on ratings of facial attractiveness, 

suggesting men and women perceive facial attractiveness similarly, but does the male 

brain and female brain respond the same way to attractive faces? Sex differences have 

been observed in some neural responses to facial attractiveness. For example, there is 

ERP evidence for a sex difference in the effect of facial attractiveness on the LPC 

component, with a larger effect in men than women (Oliver-Rodríguez et al., 1999; 

van Hooff et al., 2011). However, despite the evidence for sex differences in the 

processing of faces in general and the theoretical support for sexually dimorphic 

responses to attractiveness, men and women may process facial attractiveness 

similarly. This is true of the core and extended systems, including the processing of 

reward value of attractiveness within the NAcc and other ventral areas. Indeed, there 

is surprisingly limited evidence that this sex difference in the motivational aspect of 

attractiveness is mirrored in activation within the brain’s reward circuitry. The only 

consistently reported sex difference appears to be in the higher order processing of 

reward related decisions that occurs in the OFC, where men have greater responses to 

facial attractiveness than do women. Using attractive and unattractive opposite-sex 

faces, Cloutier et al. (2008) found a sex difference in the OFC but not the NAcc or 

mPFC. Although Cloutier et al. (2008) did not find a sex difference in the cingulate 

response to facial attractiveness, Winston et al. (2007) observed a larger response for 

men than women in this region. Sexually dimorphic responses to facial attractiveness 

in the OFC may reflect underlying sex differences in the way in which men and 

women use information conveyed by attractiveness differently in mating related 

choices. Many studies have failed to find any evidence of a sex difference in 

responses to facial attractiveness (Chatterjee et al., 2009; Liang et al., 2010; 

O’Doherty et al., 2003; Vartanian et al., 2013). The apparent lack of sexual 
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dimorphism in response to facial attractiveness may be the result of faces being 

treated as a single stimulus category. When considering the sex of face presented, we 

begin to see evidence of potential sex differences. For opposite-sex faces, both men 

and women exhibit greater neural activity in response to attractive faces than 

unattractive faces (Kim et al., 2007), however men show a stronger effect in the 

prefrontal cortex than do women (mPFC: O’Doherty et al., 2003; OFC: Cloutier et al., 

2008). For same-sex faces women, but not men, show increased activation of the 

NAcc in response to attractiveness (Kim et al., 2007). 

 

Why are people motivated by attractiveness in same-sex faces? There are a number of 

evolutionarily driven explanations for this finding. Firstly, it may be that this behavior 

reflects the monitoring of competitors. Given that attractive people have high ‘market 

value’ (Hughes, Harrison, & Gallup Jr., 2004; Pawlowski & Dunbar, 1999; Michael 

Stirrat, Gumert, & Perrett, 2011), and are perceived as posing a greater threat to 

partner sexual fidelity (O’Connor & Feinberg, 2012), attractive individuals of either 

sex may be rivals for new mating opportunities or pose a threat to a current 

relationship. Alternatively motivations to view attractive individuals regardless of sex 

may reflect effort to identify valuable social partners (e.g., individuals who could act 

as friends/allies, who will cooperate, or who do not pose a disease threat). Exerting 

effort to view attractive individuals of either sex may also reflect a form of social 

comparison used to establish one’s own market value, or social learning used to 

acquire fashion tips on how to improve one’s market value. Notably, these are not 

mutually exclusive explanations; it may be that one or all of these factors drive 

motivation to view attractive individuals in addition to the mate-relevant aspects of 

facial attractiveness (i.e., sexual interest). 
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V. Babies on the brain: An infant face-specific neural response? 

Due to the importance of parental care in the survival of human infants, the 

processing of infant faces may be somewhat distinct from that of adult faces. Infant 

facial morphology differs from that of adult faces, with the lower half of the face 

proportionately smaller in infant faces than it is in adult faces. Infants and young 

children have a characteristically short and wide face due to skeletal differences 

between infancy and adulthood; infants have a broad basicranial template, with an 

otherwise vertically short face because the nasal and mandibular regions are small due 

to their small body size and lesser pulmonary requirements (Bergersen, 1966; Enlow 

& Hans, 1996). These features typical of infants (i.e., large, bulbous forehead, large 

eyes, close-set features positioned low on the face, small chin, as well as some body 

features such as short limbs and chubbiness) form the ‘baby schema’. Lorenz 

proposed the Kindchenschema as an innate releasing mechanism for care-taking 

behavior, affective orientation toward infants, and decreased aggression, which is 

triggered by infant’s morphological and behavioural features (Lorenz, 1943). Note 

that these stereotypical visual features form the baby schema, whereas Lorenz’s 

Kindchenschema refers to the caretaking mechanism triggered by the baby schema, 

which includes both sensory and behavioral infant characteristics. 

  

Behavioral studies have demonstrated that humans are drawn to this baby schema; 

infant faces are attentionally prioritized above adult faces and other social stimuli 

(Brosch, Sander, & Scherer, 2007; Hodsoll, Quinn, & Hodsoll, 2010; Proverbio, 

2011). Preferences for the baby schema are evident in young children as well as adults 

(Sanefuji, Ohgami, & Hashiya, 2007). These preferences extend across species 
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(Archer & Monton, 2011; Lehmann, Huis in’t Veld, & Vingerhoets, 2013; Little, 

2012; Lorenz, 1943) and have been observed for inanimate objects such as cars and 

toys (Hinde & Barde, 1985; Miesler, Leder, & Herrmann, 2011). Some work even 

suggests that face processing limitations, such as the other-race effect, may not affect 

infant faces (Proverbio, 2011; but see Hodsoll et al., 2010). 

 

A number of recent studies have explored the neural basis of processing differences 

for infant and adult faces. This neuroimaging work has provided evidence of an 

infant-specific neural response. Both ERP and fMRI work has suggested that infant 

faces may be perceived more rapidly than adult faces. Early structural encoding 

responses are larger for infant faces than adult faces (Proverbio et al., 2010b; 

Proverbio, Riva, Zani, & Martin, 2011); source localization techniques suggest that 

these differences may originate in the FG, cingulate, and OFC. There is some 

evidence for the OFC as a source of the infant-specific neural response. Using MEG, 

Kringelbach et al. (2008) observed early activity at approximately 140ms in response 

to infant faces but not adult faces in the OFC. This infant-specific OFC response is 

diminished when viewing infants suffering from facial anomalies, such as cleft lip, 

that disrupt the baby schema (Parsons et al., 2013). Viewing both adult and infant 

faces elicited similar activation patterns, initiated in the posterior visual cortex and 

spreading along both ventral and dorsal visual pathways. An enhanced infant face-

response was observed initially in the OFC at 130ms after face presentation, whereas 

responses in the FFA were similar in magnitude for adult and infant faces until 160ms 

after presentation. Kringelbach et al. suggest that this result indicates the OFC may 

provide a top-down amplification of the activity in the FFA specifically related to 
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infant faces and is evidence of a specific and rapid neural signature for the parental 

instinct, evident in both parous and nulliparous individuals.  

 

The role of Haxby’s core system in the preferential processing of infant faces is 

currently unclear. Kringelbach et al. (2008) did not find any evidence of a baby-

specific response in the neural regions of the core system, however other studies have 

indicated that viewing infant faces correlates with increased activation in the FG and 

IFG (Bartels & Zeki, 2004; Caria et al., 2012; Glocker et al., 2009; Noriuchi, Kikuchi, 

& Senoo, 2008; Ranote et al., 2004; Strathearn, Li, Fonagy, & Montague, 2008; 

Swain, 2008). Methodological differences, as well as differences in the imaging 

technique used, may contribute to this discrepancy; many studies investigating neural 

responses to infant faces are conducted on parous populations, while others are 

conducted using nulliparous samples.  

 

Parental status may modulate neural (Seifritz et al., 2003) and behavioral (Lehmann et 

al., 2013) responses to infants. ERP evidence demonstrates that neural responses to 

infant faces are smaller in nulliparous individuals than parous individuals (Proverbio, 

Brignone, Matarazzo, Del Zotto, & Zani, 2006; Weisman, Feldman, & Goldstein, 

2012), and that nulliparous women may exhibit a more right-lateralized response, 

similar to that seen in men, to infant faces than parous women (Proverbio et al., 

2006). Within parous individuals, responses appear to be stronger to stimuli depicting 

own-infant compared to unfamiliar infants. Although this pattern has been observed 

in the core system (Lenzi et al., 2009; Noriuchi et al., 2008), it is especially true of 

responses in the extended system, including the brain’s reward circuitry (Nitschke et 

al., 2004; Noriuchi et al., 2008; Ranote et al., 2004; Strathearn et al., 2008; Swain, 
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Lorberbaum, Kose, & Strathearn, 2007; Wittfoth-Schardt et al., 2012). Increased 

activation in response to own- versus unfamiliar-infants has been observed in the 

OFC, PFC, insula, cingulate, putamen, VTA, as well as the NAcc and ventral 

striatum. Some researchers have proposed that activation of core system neural 

components, such as the IFG and STS, may relate to empathizing with the infant, thus 

reflecting activation of the mirror neuron system, rather than face processing 

differences, specifically (Kuo, Carp, Light, & Grewen, 2012; Lenzi et al., 2009).  

 

Evidence that the extended system exhibits a baby-specific response comes from 

studies of both parous and nulliparous individuals, as well as animal models of 

parental behavior (Lavi-Avnon et al., 2008; Michael Numan, 2007). In mice, the 

display of parental behavior has been observed to be unaffected by lesions in the 

neocortex provided the septum is spared (Carlson & Thomas, 1968). Similarly, in rats 

infant-related cues trigger dopamine release in reward related structures such as the 

NAcc (Champagne et al., 2004) and maternal behavior is disrupted following lesions 

along mesocorticolimbic pathways (Hansen, 1994;  Numan & Numan, 1997). 

Similarly, reward circuitry in humans has been associated with parental attachment 

(Glocker et al., 2009; Kringelbach et al., 2008; Ranote et al., 2004; Swain et al., 

2007). In studies using parous samples, neural activation in response to infant faces 

has been observed in the thalamus and cingulate (Bartels & Zeki, 2004), the ventral 

striatum, including the NAcc (Bartels & Zeki, 2004; Mascaro, Hackett, & Rilling, 

2013; Ranote et al., 2004; Strathearn, Fonagy, Amico, & Montague, 2009; Strathearn 

et al., 2008; Swain, 2008) and OFC (Bartels & Zeki, 2004; Nitschke et al., 2004). 

Similarly, in samples of exclusively nulliparous individuals, neural activation in 

response to infant faces has been observed in the thalamus and cingulate (Caria et al., 
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2012; Glocker et al., 2009), the ventral striatum, including the NAcc, (Glocker et al., 

2009), and the OFC (Glocker et al., 2009). Overall, in light of the consistently 

observed activation of reward-related brain regions, there is strong evidence that 

infant faces may hold particularly strong incentive salience. 

 

VI. Sexually dimorphic responses to infants 

Although the baby-specific neural response has been observed in both men and 

women, there is some evidence that it may be a sexually dimorphic response. The 

baby schema effect on early indices of visual processing is stronger in women than 

men (Proverbio et al., 2006, 2010b, 2011), although one study observed this sex 

difference in parous, but not nulliparous, individuals (Proverbio et al., 2006). Source 

localization of these ERP components implicates the FG, hippocampus, thalamus, 

cingulate, and the OFC, and fMRI studies have confirmed that components of both 

Haxby’s core system and the so-called extended system show sex differences with 

respect to the magnitude of the baby-specific response (Glocker et al., 2009; Seifritz 

et al., 2003). 

 

These sex differences in neural responses to infant stimuli are also evident in 

behavioral measures of the incentive salience of infants. A number of studies utilizing 

the effort-based key-press task described previously have shown that infant faces hold 

greater incentive salience for women than they do for men. This has been shown 

when infant faces were provided as viewing options along with same-sex and 

opposite-sex adult faces (Hahn et al., 2013; but see Parsons, Young, Kumari, Stein, & 

Kringelbach, 2011) as well as when animal faces were used as additional viewing 

options (Charles, Alexander, & Saenz, 2013). Similarly, infant faces have been shown 
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to capture women’s attention to a greater extent that same-sex or opposite-sex faces, 

whereas infant faces capture men’s attention more so than same-sex faces, but much 

less than opposite-sex faces (Cárdenas, Harris, & Becker, 2013; but see Brosch et al., 

2007).  

 

VII. Infant cuteness 

Physical attractiveness may also influence neural and behavioral responses to infant 

faces. Many studies have demonstrated that this baby schema (i.e., large, bulbous 

forehead, large eyes, close-set features positioned low on the face, small chin) is 

directly related to perceptions of cuteness or attractiveness (Alley, 1981; Boukydis, 

1981; Brooks & Hochberg, 1960; Glocker et al., 2008; Hildebrandt & Fitzgerald, 

1979; Hildebrandt, 1978; Lehmann et al., 2013; Little, 2012; Sternglanz, Gray, & 

Murakami, 1977). According to Lorenz’s (1943) Kindchenschma, cuter infants would 

receive more care and positive interaction, as well as experience decreased 

aggression. These behavioral outcomes would have obvious advantages for infant 

survival rates among species with high levels parental care, such as humans. Indeed, 

infant attractiveness or cuteness is linked to positive affective responses (Hildebrandt, 

1978; Langlois, Ritter, Casey, & Sawin, 1995; Power, Hildebrandt, & Fitzgerald, 

1982; Stephan & Langlois, 1984), motivation to care for the infant (Alley, 1983; Badr 

& Abdallah, 2001; Glocker et al., 2008; Maier, Holmes, Slaymaker, & Reich, 1984; 

Volk, Lukjanczuk, & Quinsey, 2005; Volk & Quinsey, 2002; Waller, Volk, & 

Quinsey, 2004; Weiss, 1994), and reduction in negative affective responses to infants  

(Frodi, 1978; Langlois et al., 1995). Exposure to cute infants and young animals has 

also been shown to stimulate increased carefulness or tenderness (Nittono, 

Fukushima, Yano, & Moriya, 2012; Sherman, Haidt, & Coan, 2009). 
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Importantly, infant cuteness may be indicative of underlying health or viability. 

Infants suffering from low birth weight or other health defects are perceived as less 

cute (Volk, Lukjanczuk, & Quinsey, 2005; Waller, Volk, & Quinsey, 2004), and in 

normal infants perceptual ratings of cuteness have been found to correlate with 

perceptual ratings of health (Volk & Quinsey, 2002). The link between baby schema 

and perceptions of cuteness extends to the age of about 4.5 years (Luo, Lee, & Li, 

2011), which may reflect a decreased reliance on parental care with age. The link 

between cuteness, health, and caretaking motivation may serve an adaptive function – 

that is, to optimize allocation of parental resources according to perceived offspring 

quality or viability as a sick infant simultaneously increases the cost of parental 

investment and decreases the chances of investment payoff. Although all infants 

stimulate caretaking responses, there is evidence that cuteness can stimulate 

disproportionate affection. 

 

To date, only one study has explored the modulatory effects of cuteness on neural 

responses to infant faces. Glocker et al. (2009) found that experimentally 

manipulating the level of baby schema within individual infant faces directly affected 

activation in the cingulate cortex, precuneus, left FG, and the NAcc. In each of these 

regions, greater activation was observed for faces with high baby schema compared to 

unmanipulated faces or those with low baby schema. The impact of baby schema, or 

cuteness, on activation within the extended system could directly impact caregiver 

behavior. For example, modulation of the NAcc response could affect approach-

avoidance behavior, impacting upon urges to interact with the infant and engage in 

physical contact, which may positively feedback to enhance the mother-infant bond. 
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Similarly, modulation of activation in attentional systems, including areas such as the 

precuneus (Le, Pardo, & Hu, 1998) may influence the attention-capturing effects of 

the baby schema. 

 

VII. Sexual dimorphisms in responses to infant cuteness 

Although sexual dimorphisms in the modulation of neural responses by infant 

cuteness have yet to be explored, there is behavioral evidence that these sexual 

dimorphisms exist. They have been observed in sensitivity to the baby schema, with 

women typically showing greater perceptual discrimination than men for faces that 

have been subtly manipulated along the baby schema (Berman, 1980; Fullard & 

Reiling, 2013; Glocker et al., 2008; Hildebrandt, 1978; Maestripieri & Pelka, 2002; 

Sprengelmeyer et al., 2009). Using computer graphic techniques to subtly manipulate 

the baby schema, thereby increasing or decreasing cuteness within an individual 

infant face, two studies have found that women outperform men in terms of ability to 

detect changes to the baby schema, suggesting that women may be more sensitive to 

infant facial cues (Lobmaier, Sprengelmeyer, Wiffen, & Perrett, 2010; Sprengelmeyer 

et al., 2009). Importantly, these sex differences were not observed for sensitivity to 

face cues of infant age or emotion (Lobmaier et al., 2010). In addition to this sex 

difference in discrimination, women also tend to rate infants as cuter than men do, 

overall (Lehmann et al., 2013; Parsons, Young, Kumari, et al., 2011). Additionally, 

there may be a hormonal link to sensitivity to infant cuteness; Sprengelmeyer et al. 

(2009) observed increased perceptual discrimination in pre-menopausal compared to 

post-menopausal women, as well as in pre-menopausal women using hormonal 

contraceptives (which artificially elevate estrogen and progestogens) compared to pre-

menopausal naturally cycling women.  
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Infant cuteness also influences a number of behavioral outcomes differently among 

men and women. For example, the baby schema can elicit stronger urges to protect 

children in women than in men (Alley, 1983), and stronger caretaking motivation in 

women than in men (Glocker et al., 2008). The observed sex differences in caretaking 

motivation due to infant cuteness would suggest that the motivational value, or 

incentive salience, of infant cuteness is also sexually dimorphic. Indeed, cuteness has 

been shown to strongly predict the motivation to view infant stimuli (Sprengelmeyer, 

Lewis, Hahn, & Perrett, 2013). There is mixed evidence, however, as to whether or 

not sex differences exist in the incentive salience of infant cuteness. Using a set of 

infant faces that had been manipulated to appear more or less cute (i.e., high vs low 

baby schema), Hahn et al., (2013) found that both men and women exert differential 

effort based on infant cuteness. Conversely, Parsons et al. (2011) did not find any 

evidence for sex differences in the incentive salience of infant faces with low, 

average, or high baby schema. When using infant faces with deformities, such as cleft 

palate, Yamamoto et al. (2009) found that women spent significantly less time 

viewing abnormal infants than men did, suggesting these faces may be more aversive 

to women (but see Parsons, Young, Parsons, et al., 2011). To date, these key-pressing 

studies have not explored effects of parental status on the incentive salience of 

infants.  

 

Importantly, there may also be hormonal correlates of interest in infants. Oxytocin, 

prolactin, and vasopressin have long been known to influence parental responsiveness 

(Delahunty, McKay, Noseworthy, & Storey, 2007; Feldman, Gordon, Schneiderman, 

Weisman, & Zagoory-Sharon, 2010; A S Fleming, Ruble, Krieger, & Wong, 1997; 
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Gordon, Zagoory-Sharon, Leckman, & Feldman, 2010; Storey, Walsh, Quinton, & 

Wynne-Edwards, 2000). Similarly, estrogen has been shown to be linked to maternal 

drive in female primates, including humans (Law Smith et al., 2012; Ramirez, Bardi, 

French, & Brent, 2004). Recent work has also suggested men and women with 

children have lower testosterone than those without (Gettler, McDade, Feranil, & 

Kuzawa, 2011; Kuzawa, Gettler, Huang, & McDade, 2010), and an inverse 

relationship between testosterone and paternal caregiving behaviors among fathers 

(Fleming, Corter, Stallings, & Steiner, 2002; Gettler et al., 2011; Mascaro et al., 

2013). A recent model proposed by van Anders et al. (2001, the Steroid/Peptide 

Model) purports that testosterone regulates both nurturant and protective responses to 

infants (van Anders, Goldey, & Kuo, 2011). Hahn and colleagues recently (2014) 

proposed and additional role of testosterone in modulating differential responses to 

infant cuteness, given their evidence that women’s endogenous testosterone levels are 

linked to the reward value of infant cuteness.  Neural responses to infant stimuli, both 

visual and auditory, have also been linked to testosterone levels, particularly in the 

caudate (Kuo et al., 2012) and thalamocingulate circuit (Bos, Hermans, Montoya, 

Ramsey, & van Honk, 2010), respectively. Future work may provide a better 

understanding of the links between hormones, neural responses, and behavioral 

responses to infant-related stimuli. 

 

Overall, there is converging evidence for heightened processing of the baby schema 

within components of the dopaminergic motivational system, as well as some aspects 

of Haxby’s core face processing system. These results suggest there may be increased 

attention to infant as compared to adult faces or other social stimuli. Additionally, 

these general responses to infants appear to be stronger in parents than non-parents 
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and stronger in women than in men, however individual differences in responses to 

infant faces have yet to be explored. Sex differences are apparent in a number of 

behavioral responses to infant cuteness, and future neuroimaging work may illuminate 

the neural correlates of such sex differences. 

 

VIII. Conclusions 

Facial perception, and the perception of attractiveness, relies on a distributed cortical 

network involving both visual and reward systems. Neuroimaging work has provided 

converging evidence for sex differences in general face perception, especially with 

regards to the lateralization of neural responses to facial stimuli. Although 

evolutionary theories of mate preferences would support the notion of sex differences 

in neural responses to facial attractiveness, there is surprisingly little evidence for 

such sex differences in the imaging work reviewed here. Any differences are 

potentially complicated by differences in the sexual orientation of men and women 

with respect to the stimuli; hence, there is a need to consider same-sex and opposite-

sex faces separately. While it is commonly posited that attractiveness in a potential 

mate matters more to men than it does to women, physical attractiveness, and 

especially facial attractiveness, is an important characteristic for both men and women 

when assessing potential mates and potential rivals. Perhaps it is unsurprising then 

that both men and women exhibit increased neural activation in the dopaminergic 

motivational system when viewing attractive as compared to unattractive faces.  

 

Indeed, attractive facial stimuli are powerful motivators, yet the neural basis of 

attractiveness not been studied extensively. Here, we have reviewed behavioral and 

neural responses to both adult and infant faces. These may seem disparate topics, yet 
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both are powerful motivational stimuli. Furthermore there is evidence emerging that 

sexual interest in adult men and desire for infants are linked in heterosexual women 

(Batres et al., 2014). Hence a unified reproductive drive, perhaps mediated by sex 

steroid hormones, could be affecting the response of the dopaminergic reward 

systems to both attractive faces and cute infant facial features. 
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Figure 1. The distributed neural network for face processing as described by Haxby 
et al. (2000) and Senior (2003). 

 

Figure 2. Schematic figure depicting the approximate anatomical locations of the 
brain regions involved in face processing (both physical attractiveness and faces 
more generally). Image courtesy of Parsons et al. (2010), Progress in Neurobiology. 
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