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Human face and gaze perception is highly context specific and involves 
bottom-up and top-down neural processing 
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A B S T R A C T   

This review summarizes human perception and processing of face and gaze signals. Face and gaze signals are 
important means of non-verbal social communication. The review highlights that: (1) some evidence is available 
suggesting that the perception and processing of facial information starts in the prenatal period; (2) the 
perception and processing of face identity, expression and gaze direction is highly context specific, the effect of 
race and culture being a case in point. Culture affects by means of experiential shaping and social categorization 
the way in which information on face and gaze is collected and perceived; (3) face and gaze processing occurs in 
the so-called ‘social brain’. Accumulating evidence suggests that the processing of facial identity, facial 
emotional expression and gaze involves two parallel and interacting pathways: a fast and crude subcortical route 
and a slower cortical pathway. The flow of information is bi-directional and includes bottom-up and top-down 
processing. The cortical networks particularly include the fusiform gyrus, superior temporal sulcus (STS), 
intraparietal sulcus, temporoparietal junction and medial prefrontal cortex.   

1. Introduction 

Humans are social beings. They thrive through interaction with other 
persons. This interaction is based on verbal and non-verbal communi-
cation. In non-verbal communication the face plays a major role (Bar-
raclough and Perrett., 2011). Other people’s faces easily attract 
attention; they are faster detected than other visual stimuli (Palermo and 
Rhodes, 2007). Also the saccades of the eyes move quicker to faces than 
to animals or vehicles (Crouzet et al., 2010). This quick orienting un-
derlines the importance of the face - and especially the eyes - in social 
interaction (Leopold and Rhodes, 2010; Schilbach, 2015). Actually, the 
eyes serve a double function in social interaction: they are not only used 
to perceive the identity, emotions and intentions of others, they also 
signal to others intentions and future actions (Gobel et al., 2015; Klein 
et al., 2009; Schilbach, 2015). 

The face provides information on identity (including race, age and 
gender), emotional state and – especially via gaze - direction of attention 
and intention (Haxby et al., 2000; Leopold and Rhodes, 2010). During 
the last ten years the complex processes involved in the perception and 

processing of face and gaze have been reviewed in papers addressing 
specific topics, e.g., face recognition (Johnson et al., 2015), facial 
expression (Hinojosa et al. 2015; Jack, 2013; Liu et al., 2021; Spunt and 
Adolphs, 2019), gaze (Burra et al., 2019b; Carlin and Calder, 2013; 
Dalmaso et al., 2020; Northover et al., 2017; Schilbach, 2015) and 
developmental aspects including differences between face and object 
processing (Hoechl and Peykarjou, 2012), the other-race effect (Anzures 
et al., 2013), social categorization (Quinn et al., 2019), the face inver-
sion effect (Cashon and Holt, 2015) and subliminal face processing 
(Jessen and Grossmann, 2020). 

The recent Covid-19 pandemic heightened awareness on how much 
we rely on information of the whole face during social interaction 
(Pavlova and Sokolov, 2021; Pazhoohi et al., 2021). Therefore, the 
current paper aims to review the three facial aspects involved in social 
cognition: perception and processing of face identity, expression and 
gaze. This means that the paper may be regarded as an update of the 
review of Itier and Batty (2009). In addition to being an update, the 
present paper addresses three specific questions: (1) What is the evi-
dence that the perception of facial information has a prenatal origin? (2) 
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Are face and gaze perception and processing context specific? Specific 
attention is paid to the effect of race and/or culture and the potential 
interactive effects of face identity recognition, facial expression and gaze 
direction; (3) Does experience and context only result in changes in the 
bottom-up processing of face and gaze information, or is evidence 
available on a contribution of top-down processing? Accumulating evi-
dence indicates that sensory perception is not only a matter of 
bottom-up processing but also involves anticipatory processes predict-
ing the nature of the perceived stimulus (Bar et al., 2006; O’Callaghan 
et al., 2016). The paper is structured in the following way. Section 2 
addresses face recognition, Section 3 discusses the perception of facial 
expressions of emotion, and Section 4 reviews the perception of gaze. 
Each section includes the following subsections (a) the capacities of the 
human newborn addressing the question of prenatal origin; (b) the 
context dependency – this section pays special attention to the effect of 
culture and/or race as a specific example of the role of context and 
experience; and (c) the neural substrate including the contribution of 
top-down processing. The term ‘race’ is used to refer to a social group 
whose members descended from a common ancestor and who share a 
subset of physical attributes (e.g., skin tone, facial and body shape; 
Chiao et al., 2008). The term ‘culture’ means, according to the Oxford 
English Dictionary, “a society or group characterized by distinctive 
ideas, customs, social behaviour, products”. In fact, culture is the net 
result of interactions between genotype and behaviour over centuries 
resulting in a set of norms, value systems and practices that imposes 
behavioural rules or strategies on individuals (Pilgrim and Pretty, 2010; 
Richerson and Boyd, 2006). In this way the cultural context may induce 
changes in behaviour and cognition. Section 5 contains the concluding 
remarks and suggestions for future research. It reveals that: (1) Some 
evidence is available suggesting that the perception and processing of 
facial information starts in the prenatal period, so that at birth the infant 
has a preference to look at faces with direct gaze. The newborn brain 
recruits during face and gaze perception both subcortical and cortical 
networks; (2) The perception and processing of face identity, facial 
expression and gaze direction strongly depends on experience and is 
highly context specific. The context involves the interdependency of face 
identity, emotional expression and gaze direction, and it includes as-
pects of the expresser, the observer and the external condition. This is 
exemplified by the modulating effect of race and culture on face and 
gaze processing; (3) in the processing of face and gaze signals two neural 
pathways may be distinguished: a subcortical and a cortical one. The 
cortical networks involved in the processing of face and gaze signals 
form part of the so-called ‘social brain’. Which parts of the face and gaze 
networks are primarily recruited depends on the task and its context. 
The network processing involves bi-directional streams of information, 
i.e., it involves both bottom-up and top-down processing, including for 
instance preparatory top-down processing associated with the social 
categorization of faces. 

2. Face recognition 

The fact that passports carry a photograph of their owner’s face 
underscores how strongly the face is interwoven with identity. In 
identity recognition faces are processed holistically. This means that in 
the brain faces are represented in terms of global patterns or relations 
among parts, and that face recognition is not based on a piecemeal 
processing of the isolated features or parts (Freiwald et al., 2016). The 
latter, feature-based processing is used in the recognition of most com-
mon objects. The holistic processing of faces may be demonstrated by 
the so-called inversion effect: inversion of the face – turning the face 
upside down so that the chin points upwards – impairs recognition much 
stronger than the inversion of objects impairs their recognition (De Haan 
et al., 2003). The face inversion effect indicates that the holistic pro-
cessing of faces is experience depended. This notion is supported by four 
findings. First, the face inversion effect disappears when the contrast 
polarity of a black-and-white picture of the face is reversed - the unusual 

negative contrast polarity hampers the holistic processing of the face 
(Tomalski et al., 2009). Second, adult persons with severe hearing 
impairment from early life onwards strongly rely on visual facial in-
formation during communication. Hence, they can be considered as face 
experts and – indeed - their facial recognition is more hampered by face 
inversion than that of typical adults (De Heering et al., 2012). Third, in 
persons living in a racially relatively homogeneous environment the face 
inversion effect is stronger for the recognition of own-race faces than for 
the recognition of other-race faces (Sangrigoli and de Schonen, 2004). 
Fourth, experts of dogs or landscapes also show an inversion effect in the 
recognition of dogs and landscapes, respectively, whereas this inversion 
effect is absent in non-experts (Diamond and Carey, 1986). 

When adults learn to recognize specific faces, they scan the observed 
face with varied eye movements. Limiting the scanning eye movements 
impairs this learning process (Henderson et al., 2005). Which parts of 
the face are scanned preferentially, depends on the scanner’s culture, the 
emotional expression displayed by the face (see Sections 2.2.1, 3.2.2 and 
3.2.2.1) and whether the face belongs to a talking person or not. During 
scanning of faces of talking persons both the mouth and eye region are 
fixated, but most scanning movements dwell in the mouth region 
(Rennig and Beauchamp, 2018). In non-talking faces the eye region is 
more fixated than the mouth region; this is true for memory and 
recognition tasks (McKelvie, 1976; Vinette et al., 2004). The human 
preference for the eye region is specific for human faces and does not 
hold true for faces of macaques (Dahl et al., 2009). Likewise macaques 
have a preference to scan the eye region of faces of conspecifics, while 
lacking a similar preference for human faces (Dahl et al., 2009; Gothard 
et al., 2009). Humans and macaques lose the preference for the eye re-
gion when the faces are inverted or blurred (Dahl et al., 2009). The 
leading role of the eye region in the human recognition of non-talking 
faces was demonstrated elegantly with the use of the Bubbles tech-
nique. The latter means, that faces had to be recognized while a large 
part of the face was hidden, except for a peephole revealing a small part 
of the face. Faces were most quickly recognized (within 47− 94 ms) 
when the Bubble peephole revealed the left eye. The finding that it was 
the left eye and not the right, most likely reflects the dominance of the 
right cortical hemisphere in face processing (Vinette et al., 2004). The 
human’s preference for the eyes in the face may also be illustrated by the 
finding that all over the world selfies centre on the eyes, in particular on 
the left eye (Bruno et al., 2019). In addition, faces with larger eyes are 
perceived as more attractive (Geldart et al., 1999; Hugenberg and Wil-
son, 2013). 

Humans share the preference for looking at the eye region with the 
bonobos (Pan paniscus), but not with the other Pan species, the chim-
panzees (Pan troglodytes; Kano et al., 2015, 2018). Chimpanzees, who 
are less socially gifted than bonobos (De Waal, 2009; Hare, 2017), look 
significantly less to the eye region than bonobos do (Kano et al., 2015, 
2018). 

2.1. Face recognition capacities in the human newborn 

The study of Reid et al. (2017) suggested that the postnatal learning 
process to recognize faces starts from an innate preference for face-like 
stimuli: foetuses of 33–36 weeks postmenstrual age move their head 
significantly more often towards a face-like stimulus (a configuration of 
three lights, with two in the upper row and one below) than towards a 
non-face stimulus with similar contrasts. The findings of Reid’s chal-
lenging but also debated study (Scheel et al., 2018; Reid et al., 2018) 
correspond to the multiple reports of the newborn’s preference to look at 
human faces and face-like stimuli (Cashon and Holt, 2015; Macchi 
Cassia et al., 2004; Grossmann and Johnson, 2007; Hoehl and Pey-
karjou, 2012; Johnson, 2005; Johnson et al., 2015; Simion and Giorgio, 
2015), a preference that is present as early as ten minutes after birth 
(Goren et al., 1975). Thus, it is conceivable that the newborn’s prefer-
ence for face-like stimuli has a prenatal origin. Yet, this does not imply 
that the preference is based solely on reading of the genetic script; most 
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likely also prenatal experience is involved (see Section 2.3). The ability 
to recognize faces rapidly improves with increasing infant age (Hoehl 
and Peykarjou, 2012; Quinn et al., 2019). This improvement is largely 
facilitated by the infant’s frequent exposure to faces in daily life (Fausey 
et al., 2016; Jayaraman and Smith, 2019). 

2.2. Context dependency of face recognition 

How easily people recall and recognize faces does not only depend on 
experience but also on social category formation (Bernstein et al., 2007). 
It is well known that human beings rapidly categorize other persons as 
belonging to a specific social group, such as gender, race and age 
(Hugenberg et al., 2012). Face recognition is – also independent of 
experience - easier for in-group members than for out-group members 
(Anastasi and Rhodes, 2006; Bernstein et al., 2007; Herlitz and Lovén, 
2013; Hugenberg et al., 2012; Meissner and Brigham, 2001). 

Human beings more easily learn to recognize faces on the basis of 
dynamic faces moving at natural speed, for instance during speech or 
emotional expression, than on the basis of static faces (O’Toole et al., 
2002). But also the emotional expression of still faces affects identity 
recognition: in particular happy expressions facilitate face recognition, 
an effect due to a better encoding and recall (Chen et al., 2015; D’Ar-
gembeau and Van der Linden, 2007; Liu et al., 2014). Other studies have 
indicated that also fearful expressions may facilitate face recognition 
(Righi et al., 2012; Sergerie et al., 2004). In addition, it has been shown 
that gaze direction affects face identity recognition: it is easier to learn to 
recognize faces exhibiting direct gaze than faces with averted gaze; 
again the effect is attributed to better encoding and better recall (Hood 
et al., 2003; Mason et al., 2004). 

2.2.1. Face recognition: the other-race effect 
The other-race effect refers to the phenomenon that same-race faces 

are more easily recognized than other-race faces among individuals 
living primarily in mono-racial societies (Hugenberg et al., 2010). The 
effect has been demonstrated across races (Meissner and Brigham, 
2001). Also recognition memory for same-race faces is better than that 
for other-race faces (Golby et al., 2001). Levin (2000) found evidence 
that the difference in the recognition of own- and other-race faces was 
based on different visual coding strategies for social categories: in 
own-race faces cognitive focus is on the in-group individual, in 
other-race faces on the out-group social category. As a result an 
other-race face is more easily detected among own-race faces than an 
own-race face among other-race faces (Levin, 2000). 

Interestingly, Caharel et al. (2011) demonstrated that reaction time 
to recognize same-race faces was longer than that to other-race faces. As 
this face-race difference was absent when the faces were inverted, the 
authors concluded that the longer reaction time for the processing of 
same-race faces was caused by the more time consuming holistic pro-
cessing of same-race faces. The finding that infants aged 3 months 
recognize same-race faces equally easy as other-race faces and that the 
other-race effect emerges at the age of 5–7.5 months and becomes 
stronger during the rest of the first year suggests that the other-race 
effect is not innate but experience dependent (Kelly et al., 2007, 2009; 
Sugden and Marquis, 2017). The development of the other-race effect is 
accompanied by the formation of social categories: 6-month-old West-
ern Caucasian infants are able to distinguish Western Caucasian, African 
and East Asian faces, whereas 9-month-old Caucasian infants lump Af-
rican and Asian faces into one other-race category (Quinn et al., 2021). 
The process underlying the development of the other-race effect has 
been labelled perceptual narrowing (Kelly et al. 2007) or rather 
perceptual attunement (Maurer and Werker, 2014). It is important to 
realize that the development of perceptual attunement in face recogni-
tion is not an irreversible process. For instance, 9-month-old infants still 
could recognize other-race faces when parents had regularly exposed 
them in the preceding three months to booklets with pictures of 
other-race faces, that had been labelled with the individual’s name 

(Heron-Delaney et al., 2011). Moreover, when infants have developed 
the other-race effect, experience may induce its reversal. For instance, 
three weeks of daily exposure to short videos of other-race faces that 
sang or produced infant-directed speech was able to reverse the inability 
of 8–10 months old infants to recognize other-race faces (Anzures et al., 
2012). Perceptual attunement in face recognition can also be reversed at 
later age: individuals born in East Asia, who had been adopted during 
childhood by families living in rather homogeneous Caucasian com-
munities did not show the other-race effect (De Heering et al., 2010) or 
showed the reverse of the original other-race effect (Sangrigoli et al., 
2005) – the difference in outcome between the two studies being related 
to the duration of the exposure to the novel racial environment. The 
above data suggest that face perception develops in an 
experience-dependent way from a broadly tuned capacity to a more 
focused ability (Hoehl and Peykarjou, 2012). 

Studies that evaluated the other-race effect by comparing face 
recognition in Western Caucasian and East Asian individuals did not 
only confirm the other-race effect, but also indicated that the two groups 
scan non-talking faces differently. Western Caucasian persons fixate 
more on the eyes and mouth with a preference for the eyes when they 
scan own-race and other-race faces, whereas East Asian individuals 
focus more on the nose, i.e., the central region of the face, when they 
scan own-race faces, but use an eye-centric strategy when scanning 
Western Caucasian faces (Blais et al., 2008; Hu et al., 2014; Lee et al., 
2017). Most likely, these differences in the scanning of static faces can be 
attributed to cultural differences (Blais et al., 2008). For instance, 
Akechi et al. (2013) reported that East Asian individuals exhibit less eye 
contact than Western Caucasian persons. More importantly, accumu-
lating evidence suggests that Asians process the environment more ho-
listically, whereas Westerners use a more analytic strategy (Nisbett and 
Miyamoto, 2005; Rule et al., 2013). The study of Caldera et al. (2010) 
indicated that the differences in the scanning of static faces between 
Western Caucasian and East Asian individuals indeed are culturally 
driven. Caldera and colleagues used a so-called Spotlight technique, 
implying that the subjects viewed Western Caucasian and East Asian 
faces through peepholes of various sizes that moved gaze-contingent. 
When the peepholes were small, i.e., had Gaussian apertures of 2 ◦ or 
5 ◦ and fixation of the nose did not allow the observation of eyes and 
mouth, both Western Caucasian and East Asian individuals mainly 
fixated the eyes. Only when the largest peephole was used, the 8 ◦

aperture that allowed for seeing eyes and mouth when fixating the nose, 
the previously described cultural difference in face scanning emerged. 
Caldera’s study indicated that persons from both cultures use similar 
information to recognize faces, but that the strategies to collect this 
information is culture dependent. Interestingly, Kelly et al. (2011) re-
ported that the culture-specific facial scanning strategy of East Asian 
people persisted in a substantial proportion of the second generation of 
Chinese adults living in the United Kingdom. 

It should be realized that the described cultural differences in facial 
scanning hold only true for the viewing of still faces. Various studies 
indicated that the cultural diversity in facial scanning is different for 
dynamic faces and depends on the context. For instance, when faces 
sequentially moved mouth and shifted gaze both Western Caucasian and 
East Asian individuals mostly fixated the eyes, with the East Asian 
viewers exhibiting an even larger eye preference than the Western 
Caucasian viewers (Senju et al., 2012). Yet, during the observation of a 
video of a talking person exhibiting mutual gaze, the cultural difference 
known from the scanning of static faces occurred: East Asian persons 
especially scanned the nose region, whereas Western Caucasian in-
dividuals mostly scanned the eye region. However, when the talking 
person exhibited averted gaze the cultural difference disappeared: per-
sons of both cultures mostly scanned the nose region (Gobel et al., 
2017). When the situation consisted of a live dyadic social interaction, 
including some social smiling, about three quarters of the scanning 
movements of East Asian individuals dwelt on the upper half of the face, 
whereas those of Western Caucasian persons were more evenly 
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distributed between the upper and lower halves of the face (Haensel 
et al., 2020, 2021). 

2.3. Neural substrate of face recognition 

Face recognition depends on other neural processes than the recog-
nition of other types of objects, suggesting that the primate brain is hard- 
wired to pay special attention to faces (Duchaine and Yovel, 2015; 
Hugenberg and Wilson, 2013). This may be illustrated by the presence of 
face-selective cells in the temporal and prefrontal cortex (Barraclough 
and Perrett., 2011; Freiwald et al., 2009, 2016). Freiwald et al. (2009) 
showed that the face-selective neurons in the middle face patch of the 

macaque temporal cortex were partially feature driven, but also clearly 
holistically engaged: they responded more than twice as often to a facial 
feature in the face context than to isolated face features. The neurons 
also responded considerably less to inverted faces than to upright faces. 
More cells responded to the eye region than to the mouth or nose. 

The neural structures involved in face perception are part of the 
‘social brain’, i.e., the brain networks involved in the perception and 
integration of social cues. The social brain comprises the medial pre-
frontal cortex, the inferior frontal gyrus, the insula, the pre- and post-
central gyri, the inferior parietal lobule, the superior temporal gyrus, the 
fusiform gyrus, the cingulate gyrus, amygdala and cerebellum (see 
Fig. 1; Adolphs, 2009; Schurz et al., 2021; Van Overwalle et al., 2015). 

Fig. 1. Schematic diagrams of the networks 
involved in the processing of face and gaze 
signals. 
Schematic diagrams of the networks involved in 
face and gaze processing; in the left column 
lateral views of the brain, in the right column 
medial views. The yellow areas indicate the 
parts of the brain most often reported to be 
involved in social cognition (the ‘social brain’ 
networks; Adolphs, 2009; Schurz et al., 2021; 
Van Overwalle et al., 2015). It is task and 
context dependent which parts are involved. 
The extensive neuro-imaging meta-analysis of 
Schurz et al. (2021) indicated that three groups 
of neuro-cognitive processes can be distin-
guished: (a) predominantly cognitive (mental-
izing) processes that in particular are associated 
with activation of the medial prefrontal cortex 
(MPFC), the anterior cingulate cortex (ACC) 
and temporoparietal areas; (b) predominantly 
affective processes that especially recruit the 
inferior frontal gyrus (IFG), the right insula (IS), 
the temporal pole, the pre- and postcentral gyri, 
and the parietal supramarginal gyrus; (c) pro-
cesses that combined cognitive and affective 
processes that activated in particular the tem-
poral lobes ant the temporoparietal cortex. Note 
that the IS, aSTS, pSTS, amygdala and SC are 
actually lying deeper than the figure suggests. 
A)The red areas are involved in face recogni-
tion; a yellow border indicates participation in 
the social brain network; the right hemisphere 
is dominant; B) the green areas are involved in 
the processing of emotional expressions; 
emotional expressions mostly involve areas in 
both hemipheres; C) the blue areas are mostly 
involved in specific forms of gaze perception, in 
general both hemispheres are involved in 
various left-right combinations. 
Additional abbreviations: AM = amygdala; 
aSTS = anterior superior temporal sulcus; 
dMPFC = dorsal medial prefrontal cortex; FFG 
= fusiform gyrus with fusiform face area; IPL =
intraparietal lobule; IPS = intraparietal sulcus; 
M1 = primary motor cortex in the precentral 
gyrus; OFA = occipital face area; P = pulvinar 
of the thalamus; PCC = posterior cingulate 
cortex; PL = paracentral lobule; pSTS = poste-
rior superior temporal sulcus; S1 = primary 
somatosensory cortex in the postcentral gyrus; 
SC = superior colliculus; VA = visual associa-
tion areas; vMPFC = ventral medial prefrontal 
cortex.   
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Most studies aiming to unravel the neural networks of face percep-
tion focus on the cerebral cortex. Yet, it should be realized, that also 
subcortical networks are involved (Johnson, 2005; Johnson et al., 
2015). Johnson and colleagues argued, that in the processing of faces 
two parallel and interacting pathways can be distinguished: (1) a 
subcortical pathway involving the superior colliculus in the midbrain, 
the thalamic pulvinar and the amygdala and (2) a cortical pathway. The 
subcortical pathway responds to low spatial frequency information of 
the face, i.e., its general outlines and clear contrasts. It is a relatively fast 
system (responding within 100 ms) that reacts especially to stimuli in 
the temporal visual field. The slower cortical pathway can also deal with 
high spatial frequency information involved in the details of the face, 
such as the wrinkles around the eyes. The information of the subcortical 
pathway continuously modulates the activity in the cortical networks 
(Johnson, 2005; Johnson et al., 2015). 

The cortical networks of face recognition involve both hemispheres, 
with the right hemisphere being dominant (Duchaine and Yovel, 2015; 
Freiwald et al., 2016). In the cortical processing of face recognition two 
pathways can be distinguished, a ventral and a dorsal stream (Bruce and 
Young, 1986; Duchaine and Yovel, 2015; Haxby et al., 2000). This 
corresponds to the way in which visual information is processed 
generally, i.e. via a so-called ventral and dorsal stream. The ventral 
stream consists of projections from the primary visual cortex to the in-
ferotemporal cortex. It deals with the identification of objects or rather 
serves the provision of visual recognition routines for identifying goals 
and potential threats. The dorsal stream comprises projections from the 
primary visual cortex to the posterior parietal cortex. It handles the 
spatial characteristics of objects therewith serving the direct real-time 
guidance of movements (Goodale and Milner, 1992, 2018). In face 
recognition this means that the ventral stream comprises the occipital 
face area (OFA) located in the inferior occipital gyrus, the fusiform face 
area (FFA) in the posterior part of fusiform gyrus of the inferior temporal 
cortex, and the anterior temporal lobe (Duchaine and Yovel, 2015; 
Grill-Spector et al., 2017). The ventral stream face areas preferentially 
process the invariant features of the face involved in identity recogni-
tion. Nevertheless, they also contribute to the processing of emotion 
recognition (Duchaine and Yovel, 2015). The dorsal stream of face 
recognition areas comprises the posterior and anterior superior tempo-
ral sulcus (pSTS and aSTS) and the inferior frontal gyrus (of the pre-
frontal cortex; see also Fig. 1A). It is involved especially in the 
processing of dynamic faces, i.e., emotional expressions, gaze direction 
and mouth movements (Duchaine and Yovel, 2015; Haxby et al., 2000). 

The localization of the networks is mostly studied with functional 
magnetic resonance imaging (fMRI), but the timing of the neural pro-
cesses is generally studied with electroencephalography (with or 
without fMRI), event related potentials (ERP) or transcranial magnetic 
stimulation. The latter technique allows a temporary inhibition of the 
neural tissue below the stimulator. Experiments using this technique 
revealed that the OFA responds after about 100 ms after the face stim-
ulus. Next, the FFA and pSTS follow at a latency of about 170 ms and the 
inferior frontal gyrus around 250 ms (Duchaine and Yovel, 2015). The 
latency of 170 ms corresponds to the robust findings of ERP studies that 
presentation of faces results in a negative wave peaking at a latency of 
about 170 ms (the N170), that can be recorded from the lateral-posterior 
scalp (corresponding to the face areas in the temporal cortex; Bentin 
et al., 1996; Itier et al., 2007). The N170 is relatively specific for faces, i. 
e., its amplitude is considerably larger after presentation of a face than 
after presentation of common objects, such as cars or houses (Itier et al., 
2011). This effect only occurs when high frequency spatial information 
of the face is available that provides information on facial details (Mares 
et al., 2018). The N170 amplitude is larger on the right side than on the 
left side (Bentin et al., 1996; Itier et al., 2007, 2011). Only a single 
glance to a face, i.e., one gaze fixation, is needed to elicit the N170 
(Jacques et al., 2016). The N170 is substantially smaller when the eyes 
are removed from the face (Itier et al., 2007). In addition, a picture of the 
face that is limited to the eye region also elicits a clear N170; this 

response is larger to human eyes than to eyes of apes, cats or dogs (Itier 
et al., 2011). It is rather the eye region with its two eyes that is 
responsible for the larger N170 than the presence of one eye in a face 
context (Parkington and Itier, 2018). Nonetheless, the N170 response to 
schematic eyes is larger when the observer has been primed with faces 
with similar eyes (Bentin et al., 2002). This suggests that eyes especially 
get their meaning in the facial context. Bentin et al. (2002) suggested 
that the priming by the facial context could be interpreted as sign of 
top-down processing in which the facial bias facilitates the interpreta-
tion of the eyes. 

At the beginning of this section it was mentioned that face processing 
in the brain is hard-wired. Most likely, this hard-wiring is based on a 
continuous interaction between genetic information and experience 
(Arcaro et al., 2019), with the experience conceivably starting before 
birth. As a result, newborns respond to face-like stimuli by activation of 
major parts of the social brain network, i.e., they show activity in the 
bilateral occipital regions, the right occipitotemporal cortex, the medial 
posterior regions and the right superior frontal gyrus (Buiatti et al., 
2019). The prenatal experience may be brought about by the intrinsi-
cally determined spontaneous patterned activity of neural tissue (Choi 
et al., 2021), which is a major driving force of neural development 
(Hadders-Algra, 2018). The spontaneous activity is reflected by the 
frequently occurring spontaneous movements of the foetus (Hadder-
s-Algra, 2018) and the recurrent presence of so-called ponto-genicu-
lo-occipital (PGO) waves during rapid eye movement (REM) sleep 
(Bednar and Miikkulainen, 2003). The spontaneous movements of the 
foetus include from 10 to 12 weeks PMA onwards hand movements 
directed to the face (De Vries et al., 1985). It may be hypothesized that 
this prenatal hand-face activity, presumably facilitated by the geneti-
cally determined anatomy of the foetal body and uterus, supports the 
development of face maps in the somatosensory cortex (Pitti et al., 
2013). In turn, these maps may assist the newborn’s emerging ability to 
recognize and imitate the facial movements of an adult (Marshall and 
Meltzoff, 2014). In addition, the PGO-waves may play a role in shaping 
the neural circuitry involved in face processing. This was indicated by 
the computer modelling experiments of Bednar and Miikulainen (2003) 
suggesting that the spontaneously generated PGO-waves prepare the 
newborn’s primary and higher-level visual cortical areas for the recog-
nition of faces and face-like stimuli. 

The human data mainly focused on an unidirectional, bottom-up 
flow of neuro-information, but animal studies indicated that informa-
tion exchange between brain areas often occurs bidirectionally and in 
varied sequences. For example, STS cells may be activated before and 
after recruitment of cells in the amygdala or in the prefrontal cortex 
(Barraclough and Perrett, 2011). More recent data support the idea that 
also in the human top-down information affects the processing of faces 
(Freeman et al., 2020). The orbitofrontal cortex, including the medial 
prefrontal cortex, plays a significant role in the top-down processing, i. 
e., in the preparation of the higher visual areas for incoming information 
(Freeman et al., 2020). For instance, implicit racial bias, social stereo-
types and in-group membership affect the processing of facial informa-
tion by interaction between the orbitofrontal cortex and fusiform gyrus 
(Anzures and Mildort, 2021; Barnett et al., 2021; Herzmann and Curran, 
2013). Activation of the orbitofrontal cortex may occur 30–50 ms earlier 
than that of the occipitotemporal cortex, including the FFA (Bar et al., 
2006; Mattavelli et al., 2013). The functional connectivity between the 
orbitofrontal cortex and the fusiform regions is stronger when the facial 
images mainly contain low frequency spatial information (Bar et al., 
2006). This coarse facial information is particularly mediated by the 
quick subcortical pathways. This indicates that the subcortical pathways 
may activate the orbitofrontal cortex, which in turn may assist the 
preparation of visual perception in the fusiform cortex. In addition, it 
could be hypothesized that the anticipatory circuitry involved in face 
processing, including the orbitofrontal cortex, starts its learning and 
development at early age, as we know that 1) in newborns the medial 
prefrontal cortex is already involved in the processing of facial 
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information (Buiatti et al., 2019; Farroni et al., 2013); 2) during human 
ontogeny the sensitivity to visual input is characterized by a 
coarse-to-fine development (Banks and Salapatek, 1978; Leat et al., 
2009); 3) the subcortical pathways, that are particularly sensitive to low 
frequency spatial information, play a prominent role at early age 
(Johnson et al., 2015); and 4) neural network models indicated that the 
networks learned best to recognize visual input when during training the 
spatial frequency of the input gradually increased – similar to what 
happens during human ontogeny (Avberšek et al., 2021). In other words, 
it is suggested that the development of the visual and neural systems 
including the orbitofrontal cortex are shaped to learn from experience. It 
also allows for the building of social categories (Freeman et al., 2020), 
that facilitate the better recognition of familiar in-group faces. 

2.4. Summary of face recognition 

Recognition of faces is an experience driven ability based on a pre-
natally originating preference for face-like stimuli. The prenatal origin 
most likely is the result of experience brought about by the intrinsic 
property of neural tissue to generate spontaneous patterned activity. 
Postnatally, the ample experience due to daily facial exposure drives the 
development of holistic processing of faces by the cortex. The latter 
includes the presence of temporal neurons with a specific response to 
holistic face characteristics. A daily, clearly dominating exposure to 
own-race faces is the source of the other-race effect, i.e., having a lesser 
ability to recognize other-race faces than own-race faces. This other-race 
effect is also associated with the formation of social categories. Face 
recognition is not only affected by cultural context, but also by the 
context of the face’s emotional expression and gaze direction. 

Face recognition is an active process involving varied explorative 
scanning eye movements of the observed face. Most studies on face 
recognition used still, non-talking faces. In still faces, recognition is 
particularly based on information of the eye region. However, cultural 
background determines the strategy by which this information is 
collected: the scanning movements of East Asian people focus on the 
nose of faces of the own culture, those of Western Caucasian people on 
the eye region. The scanning of faces is not only culture specific but also 
depends on other aspects of the context. For instance, during dyadic 
conversation East Asian individuals mostly scan the upper half of the 
face, whereas Western Caucasian persons distribute scanning move-
ments equally between the face’s upper and the lower half. 

The neural networks involved in face recognition form part of the 
social brain (Fig. 1A). They involve two pathways: (1) a fast and crude 
subcortical route, including the superior colliculus, pulvinar and 
amygdala, and (2) a slower and more precise cortical pathway that 
comprises the FFA in the fusiform gyrus and the pSTS and aSTS. The flow 
of information in the networks does not only include bottom-up pro-
cessing, but also involves top-down modulation of incoming informa-
tion, allowing for quick anticipation of the facial information, such as 
involved in social categorization. Information originating from the eye 
region especially contributes to the activation of the face processing 
networks. 

3. Facial expressions of emotion 

Facial expressions play an important role in social cognition (Ferretti 
and Papaleo, 2019). Indeed, faces with an emotional expression draw 
more attention than those without (Palermo and Rhodes, 2007). Inter-
estingly, Susskind and colleagues suggested that facial expressions do 
not only serve social communication, but also play a role in the prepa-
ration of perception and action. For instance, the expression of fear with 
its widely opened eyes is associated with a subjectively larger visual 
field, faster eye movements during target localization, and a larger nasal 
volume and air velocity during inspiration (Susskind et al., 2008). 
Before discussing the details of the recognition and processing of facial 
expression, I first summarize the generation of facial expressions. 

3.1. Generation of facial expressions 

Humans and great apes have a large repertoire of facial expressions 
(De Waal, 2003; Ladygina-Kohts, 2002; Marler, 1976). In humans at 
least sixty expressions have been described (Jack et al., 2016). This 
varied repertoire emerges during prenatal life (Reissland et al., 2011, 
2013). Humans and great apes also have the capacity to produce a blend 
of facial expressions (De Waal, 2003; Parr et al., 2005). The latter con-
trasts with the facial capacity of monkeys who – with their smaller 
repertoire – are only able to produce discrete facial displays (De Waal, 
2003). Thus, it is typical for humans and great apes to be able to produce 
graded facial expressions (De Waal, 2019; Kret et al., 2020). The large 
repertoire of facial expressions in humans and great apes is generated by 
their complex facial muscular system, in which muscles blend and single 
muscles cannot easily be distinguished (Burrows et al., 2006; Darwin, 
1899; Cattaneo and Pavesi, 2014). The muscular system also has a large 
interindividual variation (Cattaneo and Pavesi, 2014; Schmidt and 
Cohn, 2001). 

The facial muscles are controlled by two neural systems: the 
emotional motor system, involving the mesencephalic periaquaducatal 
grey and higher limbic regions (Holstege and Subramanian, 2016), and 
the cortical control system. The latter is especially well developed in 
humans and great apes (Cattaneo and Pavesi, 2014). Interestingly, the 
cortical control of the upper and lower part of the face differ. The upper 
part of the face receives bilateral projections from the motor cortex, 
whereas the lower part of the face is mainly contralaterally controlled by 
the cortex (Müri, 2016; Ross et al., 2007, 2016; Schmidt and Cohn, 
2001). In addition, the cortical control of the lower part of the face is 
stronger than that of the upper part, a specialization associated with the 
former’s role in the production of fully articulated speech (Ross et al., 
2007). The differential cortical control of the upper and lower part of the 
face implies that it is easier to lie with the mouth than with the eyes – an 
observation already made by Duchenne (Duchenne, 1862; see also 
Cattaneo and Pavesi, 2014; Ekman, 2003; Ross et al., 2007). 

3.2. Recognition of facial expressions of emotion 

The ability to recognize facial expressions of conspecifics is not 
unique for humans. It has been described for instance for dogs, monkeys 
and great apes (Calcutt et al., 2017; Ferretti and Papaleo, 2019; Nahm 
et al., 1997; Parr, 2003; Thompkins et al., 2018). 

Since Darwin’s treatise The expression of the emotions in man and 
animals (1899) - in which he claimed that emotional expressions are 
innate and universal - the universality of emotional expressions has been 
debated (Ekman et al., 1972; Ekman and Friesen, 1975; Jack, 2013). 
Ekman, in his seminal work on the recognition of emotional expressions 
across the world, distinguished six basic and mostly universal expres-
sions: happiness, anger, fear, sadness, disgust and surprise (Ekman et al., 
1972; Ekman and Friesen, 1975). However, nowadays it is agreed that 
only some facial expressions, i.e., happiness and anger, are universally 
recognized. For other facial expressions, such as disgust and fear, far less 
cross-cultural agreement exists (Elfenbein and Ambadi, 2002; see also 
section 3.3). 

3.2.1. Capacities of the human newborn to recognize emotional expressions 
Field et al. (1982) indicated that 2− 3-day-old infants have some 

capacity to imitate happy, surprised and sad expressions. This implies 
that they are able to discriminate these expressions to some extent. Later 
studies investigated newborns’ abilities in more detail. Addabbo et al. 
(2018) reported that newborn infants can discriminate dynamic facial 
expressions of happiness and disgust. Other studies revealed that new-
borns aged a few days preferentially look at happy faces compared to 
neutral and fearful faces and that this preference occurs only when the 
happy expression is accompanied by direct gaze instead of averted gaze 
(Farroni et al., 2007; Rigato et al., 2011). The studies indicate that 
already shortly after birth infants have some capacity to process 
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information on facial expressions. Also that they have a preference for 
happy faces with direct gaze, i.e., the facial condition that favours 
positive social interaction. It is this situation, the eye-to-eye interaction 
with a happy, smiling face that infants frequently experience, starting 
soon after birth (Klaus et al., 1970; Papoušek and Papoušek, 1984). 
During the first months after birth, the infant’s capacity to distinguish 
facial expressions remains limited, but after the age of 4 months this 
ability gradually improves with increasing age (Flom and Bahrick, 
2007). 

In standard laboratory conditions, i.e., in decontextualized settings, 
happy expressions are recognized with the highest accuracy and the 
shortest reaction times and fearful expressions with the lowest accuracy 
and longest reaction times (Wells et al., 2016). The ease of recognition of 
happy expressions is associated with its large experience from birth 
onwards 3.2.1. 

3.2.2. Context dependency of recognition of facial expression 
The evaluation of emotion in general is context specific (Wilson--

Mendenhall et al., 2011). Likewise, the perception of facial expressions 
depends on the situation. The specific situation of the other race is 
discussed in Section 3.2.2.1. The contextual factor may originate in the 
expresser, in the observer and in the external aspects of the situation 
(Aviezer et al., 2017; Barrett et al., 2011; Wieser and Brosch, 2012). 
Examples of expresser-related factors are the tone of the expresser’s 
voice (a sad voice increases the likelihood that a face is perceived as sad 
and a happy voice enhances the chance that a face is perceived as happy; 
De Gelder and Vroomen, 2000), the expresser’s body posture (body 
postures largely facilitate the evaluation of ambiguous facial expres-
sions; Aviezer et al., 2017; Wieser and Brosch, 2012) and the face’s 
trustworthiness. Trustworthiness is an invisible social cognitive dimen-
sion that may be attributed to the owner’s face on the basis of a single 
glance, i.e., with a viewing time less than 100 ms (Todorov, 2008). 
Happy expressions of a trustworthy face are evaluated as more happy 
than the same expression in a face perceived as untrustworthy. In a 
similar vein, expressions of anger in an untrustworthy face are rated as 
more angry than the same expression in a face perceived as trustworthy 
(Oosterhof and Todorov, 2009). 

Examples of observer related factors are the observer’s mood (happy, 
neutral and ambiguous expressions are perceived as more happy during 
a positive than during a negative mood; Steephen et al., 2021) and the 
observer’s gender (females are more accurate in recognition of facial 
expressions than males; Olderbak et al., 2019). Finally, external factors 
that may impact the perception of facial expressions are, for instance, 
the degree of distraction by the environment (in a distracting environ-
ment fearful faces are more easily recognized than neutral or happy 
faces – an effect even present when only the eye region of the face is 
visible; Yang et al., 2007), the background colour (a red background is 
associated with a more negative evaluation of ambiguous facial ex-
pressions than a grey or green background; Sivananthan et al., 2021), 
and situational information (knowledge that the person with an 
ambiguous facial expression is in a situation eliciting anger facilitates 
the perception of anger in the facial expression; Carroll and Russell, 
1996). The contextual factors especially modulate the perception of 
ambiguous facial expressions – a situation frequently encountered in 
daily life (Aviezer et al., 2017; Wieser and Brosch, 2012). 

Some studies in Western Caucasian individuals suggested that the 
ease of recognition of emotional expressions is affected by gaze direction 
(Adams and Kleck, 2005; Milders et al., 2011). The studies indicated that 
expressions of fear and sadness, that were interpreted as avoidance 
oriented emotions, were most easily detected when the eyes showed an 
averted gaze, whereas happy and angry expressions – considered to be 
approach oriented emotions - were most easily recognized in the pres-
ence of direct gaze (Adams and Kleck, 2005; McCrackin and Itier, 2019). 

During recognition tasks of facial emotional expressions Western 
Caucasian individuals fixate especially the eye region of the face. This 
tendency is most pronounced in the assessment of fearful faces (Scheller 

et al., 2012; Wells et al., 2016). However, when the cognitive load of the 
recognition task is increased and does not only consist of recognition of 
the type of emotion, but also of its intensity, dwell times of fixation of 
the mouth increase, in particular when the face has a happy expression 
(Eisenbarth and Alpers, 2011). Already the first glances to faces with an 
emotional expression are emotion specific. The gaze of Western 
Caucasian persons first orients towards the eyes of expressions of 
sadness and shame, towards the eyes and the nasion of fearful faces, to 
the eyes and eyebrows of angry faces, to upper lip, nose and mouth of 
faces expressing disgust, and to the mouth of happy faces (Schurgin 
et al., 2014). Even subliminally perceived emotional expressions (only 
presented for 50 ms) trigger gaze orientations to specific parts of the 
face, i.e., to the eyes of a fearful face and to the mouth of a happy face 
(Bodenschatz et al., 2019). 

3.2.2.1. Cultural differences in recognition of facial expressions of 
emotion. Ekman and colleagues strongly supported the idea that facial 
expressions of emotion are universally recognized. Nevertheless, they 
also observed that the universal agreement was higher for happiness and 
anger than for surprise and fear (Ekman et al., 1972; Ekman and Friesen, 
1975). The reviews of Elfenbein and Ambadi (2002) and Jack (2013) 
supported the idea that not all facial expressions of emotion are recog-
nized equally easily across the world. Happiness and anger are most 
easily and universally recognized, whereas fear and disgust cause the 
most confusion. Fear is often miscategorised as surprise and disgust as 
anger (Jack, 2013; Jack et al., 2009). Mis-categorization occurs more 
frequently in a surrounding environment of faces with various expres-
sions; this effect is stronger in East Asian than in Western individuals 
(Stanley et al., 2013). This may be explained by the difference in culture: 
more collectivistic in East Asia and more individualistic in Western so-
ciety (Argyle et al., 1986; Krämer et al., 2013; Stanley et al., 2013; Wu 
and Keysar, 2007). It should be realized, however, that when facial 
expressions are displayed in their relevant context, the recognition of 
emotions achieves high cross-cultural agreement (Matsumoto and 
Hwang, 2016). The finding that emotional expressions of faces of the 
own culture are more easily recognized than those of other cultures 
indicates that the development of the ability to recognize emotional 
expression is the result of a continuous interaction of ‘nature’ and 
‘nurture’ (Elfenbein and Ambadi, 2002). The ‘in-group’ advantage is 
larger for the ‘difficult’ expressions of fear and disgust than for the ‘easy’ 
expressions of happiness and anger (Elfenbein and Ambadi, 2002). Faces 
of the own culture are also perceived as more trustworthy than those of 
other cultures (Sofer et al., 2017). 

The way in which Western Caucasian people assemble information of 
emotional expressions of static faces differs from that of East Asian 
people. Western Caucasian persons scan all parts of the face with a 
predominance of the eye region, whereas East Asian individuals have a 
strong preference to fixate the eyes (Jack et al., 2009). Likewise, East 
Asian persons rely for the classification of facial emotions more on in-
formation of the eye region than Western Caucasian individuals do (Jack 
et al., 2012; Xia et al., 2017; Yan et al., 2016; Yuki et al., 2007). This 
difference is reflected in the keystroke emoticons that are used in Japan 
and in the Western world: in Japan the (^_^) and (;_;) symbols are used to 
indicate a happy and a sad face, respectively, whereas the corresponding 
symbols in the West consist of :) or : -) to denote a happy face and : (or : - 
(to indicate a sad face. This suggests that the focus in the Japanese 
emoticons is more on the eyes; that in the Western ones more on the 
mouth (Yuki et al., 2007). This difference may be explained by culturally 
determined differences in nonverbal behaviour: Japan’s culture is more 
reserved, implying that its norm encourages people to restrict emotional 
expressions, including those of the face, whereas the Western culture is 
in general more expressive in its nonverbal behaviour (Argyle et al., 
1986; Matsumoto and Hwang, 2016). As the perioral muscles can be 
better controlled than those around the eyes, cultural restraint will 
especially eliminate the emotional expressions of the mouth, leaving the 

M. Hadders-Algra                                                                                                                                                                                                                               



Neuroscience and Biobehavioral Reviews 132 (2022) 304–323

311

eyes as markers of emotion. 
The effect of gaze direction on the perception of emotional expres-

sions in Western and East Asian cultures is discussed in Section 4.2.3. 

3.2.3. Neural substrate of the recognition of facial emotional expressions 
The neural networks involved in the recognition of facial emotional 

expressions form - like those partaking in facial identity recognition - 
part of the social brain (Adolphs and Birmingham, 2011; Dricu and 
Frühholze, 2016; Liu et al., 2021; Pessoa, 2017). The neural encoding of 
facial expressions and that of facial identity occurs in partially shared 
pathways and not in entirely distinct networks (Barraclough and Per-
rett., 2011; Rhodes et al., 2015). The areas that are most consistently 
activated during the recognition of facial emotions consist of the inferior 
frontal cortex, the dorsal medial frontal cortex, the STS, the fusiform 
gyrus, the intraparietal sulcus, the visual association areas, and the 
amygdala. These sites are activated bilaterally. In addition, the left 
thalamus and left insula are involved (Dricu and Frühholze, 2016; see 
Fig. 1B). Overall, this implies that the evaluation of emotional expres-
sions occurs in large-scale networks involving major parts of the nervous 
system. It involves bottom-up and top-down processing of information. 
The latter includes activity in fronto-parietal networks (Kajal et al., 
2020). The function of the networks involved in the processing of facial 
expressions is highly dynamic and context sensitive (Pessoa, 2017). The 
context specificity is, for instance, reflected by the study of Gamond 
et al. (2017) showing that the processing of emotional expressions is 
affected by minimal group membership. The latter implied that group 
membership was only determined by a random assignment to a 
colour-code group. In situations, in which the emotional expression did 
not match the observer’s expectation (e.g., an angry face of in-group 
member), group membership affected directly through recruitment of 
the medial prefrontal cortex the further processing of emotional ex-
pressions in the STS and temporo-parietal junction. The networks 
involved in the processing of emotional expressions also show a large 
interindividual variability, in which network activity is partially 
dependent on the presence or absence of trait anxiety (Leppänen and 
Nelson, 2009). 

The amygdala plays a specific role in the processing of facial emo-
tions (Adolphs, 2010; Dricu and Frühholze, 2016; Pessoa, 2017). It is 
activated in the early stages of emotion processing – possibly within 30 
ms (Leppänen and Nelson, 2009). The amygdala has widespread pro-
jections, including projections to the frontal, temporal and insular 
cortices, hypothalamus and brainstem (Pessoa, 2017). Amygdala acti-
vation enhances - through its projections to the temporal areas - a more 
detailed processing of facial information in the fusiform gyrus and STS 
(Leppänen and Nelson, 2009). Amygdala’s projections to the orbito-
frontal cortex (Pessoa, 2017) may result in preparatory activation of the 
fusiform gyrus, which may explain why specific emotional expressions 
may enhance face identity recognition (see Section 2). 

The amygdala is recruited in the processing of any emotion, but 
presumably in particular during facial expressions of fear (Adolphs, 
2010; Leppänen and Nelson, 2009; Whalen et al., 2004). This increased 
amygdala activation may be explained in part by the increased pupillary 
size associated with arousal, as Demos et al. (2008) demonstrated that 
artificially enlarged pupils in pictures of happy and neutral faces were 
also associated with increased amygdala activation. Amygdala’s 
responsiveness to fearful faces also depends on the race of the face: 
increased activity occurs especially when viewing fear in faces of the 
own race, not when the fear is expressed in faces of another race (Chiao 
et al., 2008). In addition, the race effect is modulated by gaze direction: 
the amygdala response to fearful faces of the own race is larger during 
averted gaze than during direct gaze; for fearful faces of the other race 
the gaze effect is just opposite: direct gaze is associated with higher 
amygdala activation (Adams et al., 2010). One of amygdala’s specific 
roles may be its capacity to shift overt attention to those parts of the face 
that are diagnostically most relevant, i.e., to the eyes of fearful faces and 
to the mouth of happy faces (Gamer and Büchel, 2009; Gamer et al., 

2013). The latter idea corresponds to observations in patients with 
bilateral amygdala lesions: these patients have an impaired recognition 
of fearful faces and an increased likelihood to rate unknown faces as 
trustworthy (Adolphs et al., 1998, 2005). The impaired recognition of 
fear of these patients could not be explained by an impaired ability to 
process basic visual information, but has been attributed to an impaired 
capacity of the amygdala to direct attention to the salient signals of the 
face (Adolphs, 2010; Adolphs et al., 2005). 

It is generally assumed that the STS plays a prominent role in the 
processing of emotional expressions of the face. It is especially involved 
in the processing of the variable and dynamic characteristics of the face, 
whereas the FFA and OFA are recruited to a similar extent during the 
evaluation of dynamic and static faces (Bernstein et al., 2018). The STS’ 
prominent role in the evaluation of emotional expression is in line with 
the idea that the STS acts as a hub in the evaluation of social signals 
(Deen et al., 2015). Especially the posterior part of the STS (pSTS) 
participates in the assessment of facial expressions. It is able to analyse a 
large number of facial actions by means of both categorical and 
continuous representations of facial expressions (Srinivasan et al., 
2016). It should be noted however, that a recent meta-analysis of 
functional neuro-imaging studies indicated that the role of the STS may 
be less prominent than previously thought (Liu et al., 2021). 

The ERP-study of Dzhelyova et al. (2017) indicated that emotional 
expressions can be detected in the cortex in a single glance, i.e., within 
84 ms. In the processing of facial expressions presumably also two 
pathways can be distinguished: a quick subcortical route via the superior 
colliculus and thalamus to the amygdala and a somewhat slower cortical 
route (Schyns et al., 2009; Vuilleumier et al., 2003). The subcortical 
route has been demonstrated in a person with bilateral cortical blindness 
and affective blindsight (Burra et al., 2019a). Faces with fearful ex-
pressions activated in this person the right amygdala without inducing 
awareness of the expression. Fearful faces that were filtered so that they 
only contained low spatial frequencies elicited similar right amygdala 
activity, whereas fearful faces containing only high spatial frequencies 
did not result in amygdala activation (Burra et al., 2019a). These find-
ings underline the sensitivity of the subcortical pathway for low spatial 
frequency information. 

Minimal group membership (discussed above) affects the processing 
of unexpected emotional expressions already at the early stage by 
recruiting the medial prefrontal cortex (Gamond et al., 2017). The latter 
also illustrates that the flow of information in the ‘emotion networks’ is 
not unidirectional, but bidirectional and includes top-down processing 
(Spunt and Adolphs, 2019). ERP-studies showed that emotion decoding 
in the temporal cortex occurs in the time window of the N170, i.e., be-
tween 140− 200 ms after stimulus onset (Schyns et al., 2009). The 
amplitude of the N170 is largest during angry expressions (Hinojosa 
et al. 2015). Yet, this effect is only present when the facial information is 
relevant, e.g., in a gender discrimination task, and not when the facial 
information is irrelevant, e.g., in a ‘find the missing pixel’ task (Burra 
and Kerzel, 2019). The amplitude of the N170 is larger in response to 
fearful faces than in response to neutral or happy faces (Leppänen et al., 
2007), an effect that occurs both during recognition tasks of emotional 
expression and facial identity (Turano et al., 2017). The effect has been 
attributed to the fact that fearful faces draw the observer’s attention to 
the eyes. Fixation of the eyes – also of faces with neutral or happy ex-
pressions - results in higher N170 amplitudes than fixation on other 
parts of the face (Neath and Itier, 2015; Nemdorov et al., 2014). The 
context of the fearful expression also matters: fearful faces in a fearful 
context elicit higher N170 amplitudes than similar faces in a neutral 
context (Righart and De Gelder, 2006). 

Notwithstanding that all facial expressions are basically processed in 
the same neural networks, subtle emotion-specific differences occur. 
This was elegantly illustrated by the study of Poncet et al. (2019), that 
evaluated EEG-activity in response to fast periodic visual stimulation 
with facial expressions. The authors concluded that each emotion 
studied (happy, anger, sad, disgust, fear) had its own ERP-signature with 
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emotion-specific response sites. For instance, responses to anger and 
sadness were most prominent at medial occipital and parietal sites (for 
anger more right and laterally; for sadness more medially), whereas 
those in response to happy and disgust were most clear in the lateral 
parts of the central parietal region. Fear elicited the most widespread 
response, including all occipito-temporal sites, with the left side being 
more involved that the right side. 

ERP-studies indicated that gaze direction affects the processing of 
facial expression in a task-specific way, i.e., the duration of the stimulus 
presentation affects the response (see also Section 4.2). Angry faces with 
direct gaze presented for 1300 ms were associated with larger N170 
amplitudes than angry faces with averted gaze (El Zein et al., 2015). But 
a study presenting the angry faces for only 500 ms did not find a 
modulatory effect of gaze direction on the N170 (McCrackin and Itier, 
2019). In this study the modulatory effect was found between 220− 290 
ms at the frontal sites. 

3.2.4. Summary of the recognition of facial emotional expressions 
Humans have a repertoire of at least sixty facial expressions 

controlled by the emotional motor system and cortical control system. 
The mouth region is stronger controlled by the cortical system than the 
eye region. Among the many expressions some are universal, such as 
happiness and anger. Other widely used expressions are fear, shame, 
disgust and surprise; they are often recognized, but less flawless. 
Happiness is recognized quickest and most accurate. It is also the 
expression which can be discriminated to some extent by newborn in-
fants and it is the first one that can be recognized during ontogeny. The 
recognition of expressions is experience dependent - explaining why 
emotional expressions of faces of the own culture are most easily 
recognized - and context dependent. The context especially affects the 
perception of ambiguous expressions. 

Like face identity recognition, the recognition of facial expression 

involves active scanning of the face. The strategy used is culture 
dependent: Western Caucasian people scan the entire face with a pref-
erential dwelling on the eye region, whereas East Asian people have a 
virtually strict preference for the eye region, i.e., the region that has least 
cortical control. 

The emotional expressions of the face are processed in the social 
brain network. Similar to the neural handling of facial identity, it is 
assumed that the processing of emotional expression occurs in two 
parallel pathways, a subcortical one, including the thalamic pulvinar 
and amygdala, and an extensive cortical network. In the networks 
dealing with emotional expressions the amygdala and presumably also 
the STS have a prominent role. Accumulating evidence indicates that the 
evaluation of facial expression involves bottom-up and top-down pro-
cessing of information, the latter involving the orbitofrontal cortex. 

4. Perception of gaze 

The human eyes are often said to be the “windows of the soul” 
(Emery, 2000; Grossmann, 2017; Kleinke, 1986). The eyes’ gaze pro-
vides information on animacy (Looser and Wheatley, 2010), love 
(Shakespeare, 1590ies: “love, first learned in a lady’s eyes”, Craig, 
1984), attention and intention (Klein et al., 2009). Gaze cannot only be 
expressed by the eyes, but also by the body and the head (Rosati and 
Hare, 2009). Gaze following based on all parts of the other’s body is 
common throughout the primate order and has also been documented in 
ravens; the other’s gaze informs the observer about the environment 
(Emery, 2000; Frischen et al., 2007; Klein et al., 2009; Rosati and Hare, 
2009). In these animals it occurs more often in situations of competition 
than in the context of collaboration (Klein et al., 2009). In most pri-
mates, including most monkeys, this behaviour is an automatic response 
to attention capturing gaze cues (Rosati and Hare, 2009). The response 
does not only induce an overt direction of the viewer’s gaze, but also a 

Fig. 2. A. Mutual gaze is where the attention of individuals A 
and B is directed to one another. Averted gaze is where indi-
vidual A is looking at B, but B is looking elsewhere. B. Gaze 
following is where individual A detects that B’s gaze is not 
directed towards him or her, and follows the line of sight of B 
onto a point in space. C. Joint Attention is the same as Gaze 
Following except that there is a focus of attention (such as an 
object), so individuals A and B are looking at the same object. 
D. Shared Attention is a combination of Mutual Attention and 
Joint Attention, where the focus of individual A and B’s 
attention is on the object of joint focus and each other (i.e. “I 
know you’re looking at X, and you know that I’m looking at 
X”). E. Theory of mind, probably uses a combination of the 
previous A-D attentional processes, and higher-order cognitive 
strategies (including experience and empathy) to determine 
that an individual is attending to a particular stimulus because 
they intend to do something with the object, or believe some-
thing about the object. From Emery (2000), with permission 
from the author and Elsevier Publishers.   
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covert shift of attention in the gaze direction (Deaner and Platt, 2003). 
In chimpanzees, bonobos, and perhaps also in rhesus monkeys, gaze may 
also provide knowledge about what the other sees (Rosati and Hare, 
2009; Tomasello, 2014). However, it is typically human to prioritize the 
signals derived from the eyes to obtain information on gaze (Tomasello 
et al., 2007; Leopold and Rhodes, 2010). 

The use of eye information is promoted by the specific human eye 
morphology: from the 88 primate species studied, the human eyes do not 
only have the largest width-height ratio, but also are the only ones with 
a white sclera (Kobayashi and Kohshima, 2001). The width-height ratio 
correlates with the eyeball’s scanning movements and the relative size of 
the neocortex (Kobayashi and Hashiya, 2011). The evolutionary changes 
in eye morphology and those in the brain, including an increased 
specialization in the processing of visual information (Emery, 2000), 
facilitated the emergence of the unique human features of joint and 
shared attention (Tomasello et al., 2007: the cooperative eye hypothesis; 
Call, 2009: the shared intentionality hypothesis). In joint attention two 
individuals look at the same target, in shared attention this joint 
attention is interchanged with mutual gaze, therewith sharing the 
experience of looking at the same target (Fig. 2; Emery, 2000). Unfor-
tunately, most researchers in the area of joint and shared attention do 
not distinguish between the two conditions and also use the term joint 
attention for shared attention (Pfeiffer et al., 2013). The following text 
adopts this terminology tradition. This implies that from this point on-
wards joint attention generally means shared attention. Joint attention 
is one of the building blocks of the ‘theory of mind’, i.e., the ability to 
impute unobservable mental states, such as intentions, desires and be-
liefs to others (Heyes and Frith, 2014). After decades of research it is still 
controversial whether non-human species have a theory of mind 
(Horschler et al., 2020a, b; Kano et al., 2020). It is well known that the 
explicit form of mind reading involving the ability to exchange thoughts 
about mental states is specific for humans. Nonetheless, increasing ev-
idence suggests that great apes do possess an implicit form of mind 
reading. The latter allows to predict behaviour and to get information of 
others (Call and Tomasello, 2008; Heyes and Frith, 2014; Kano et al., 
2019; Krupenye et al., 2016; Premack and Woodruff, 1978). 

4.1. Gaze perception in the human newborn 

The human preference for direct gaze is already present during early 
ontogeny: newborn infants preferentially look at faces with direct rather 
than averted gaze (Batki et al., 2000; Farroni et al., 2006). This differ-
ence is absent when the face is inverted, suggesting that the context of 
the face matters (Farroni et al., 2006). The study of Guellaï et al. (2020) 
indicated that the preference for direct instead of averted gaze cannot be 
attributed to the difference in horizontal location of the iris: newborns 
also prefer to look at direct gaze rather than to a ‘faraway’ look, i.e., a 
gaze directed toward the infant’s face but to a location above the infant’s 
eyes. This suggests that newborn infants have a preference for socially 
relevant stimuli in which direct gaze plays an important role (Farroni 
et al., 2006; Gliga and Csibra, 2007). The direct gaze is often provided by 
the mother, whose pregnancy and postpartum hormonal status, i.e., her 
oxytocin levels, has prepared her for this situation: oxytocin facilitates 
maternal direct gaze and maternal bonding behaviour (Feldman et al., 
2007). The maternal propensity to provide direct gaze and the infant’s 
preference for this gaze pave the way for the infant’s social skill 
development. 

Newborns can follow moving eyes to a limited extent (Farroni et al., 
2004b). Gaze following on the basis of information of head and eyes 
gradually improves with age, especially after the age of 6 months 
(Butterworth and Jarrett, 1991; Del Bianco et al., 2019; Gredebäck et al., 
2010). It is initially based on the information of the head and eyes. In the 
second year infants start to rely more on the information of the eyes than 
that of the head (Moore and Corkum, 1998; Tomasello et al., 2007). At 
this age gaze following has become a robust phenomenon (Grossmann, 
2017). The improved gaze following with increasing age is experience 

dependent. This was demonstrated, for instance, by the study of Senju 
et al. (2015): infants of blind mothers looked less at an object that was 
gaze-cued by an adult than infants of mothers without visual 
impairment. 

4.2. Context dependency of gaze perception 

In many species eye contact (also called mutual gaze) and direct gaze 
(being looked at regardless of eye contact) generate aversive responses, 
as direct gaze signals threat (Fig. 2; Senju and Johnson, 2009). In human 
beings, however, eye contact plays a major role in communication, so-
cial interaction and affective bonding (Argyle and Dean, 1965; Frischen 
et al., 2007; Senju and Hasegawa, 2005; Senju and Johnson, 2009). The 
duration of eye contact has a large interindividual variation, but it lasts 
generally longer in women than in men (Argyle and Dean, 1965). Direct 
gaze functions as an attention grabber, both in photos, videos (Itier and 
Batty, 2009) and painted portraits (Kesner et al., 2018). The attention 
grabbing function of direct gaze is absent when information of face and 
gaze is irrelevant (Framorando et al., 2016). Yet, when the information 
of direct gaze is relevant, it is associated with heart rate deceleration, 
larger skin conductance responses and higher feelings of arousal 
accompanying direct gaze (Akechi et al., 2013; Hietanen et al., 2008). 
The psychophysiological response does not only occur during direct gaze 
of a human being, but also – be it somewhat less intensive – in response 
to direct gaze of a humanoid robot (Kiilavuori et al., 2021). However, in 
a negative emotional context, an averted gaze elicits more arousal than 
direct gaze (McCrackin and Itier, 2021). Eye contact also increases the 
time spent on looking at the gazer’s face, it delays the disengagement 
from it to look at a target elsewhere (Senju and Hasegawa, 2005), it 
evokes positive social judgements (Chen et al., 2017), and its plays a 
coordinative role in shared attention during real conversations 
(Wohltjen and Wheatley, 2021). In addition, eye movements ending in 
direct gaze induce by capturing attention a shortening of subjective time 
during social interaction (Burra and Kerzel, 2021). 

4.2.1. Context and ‘watching eye’ effect 
Humans have an a priori expectation that other people’s gaze is 

directed towards them (Mareschal et al., 2013; Schultze et al., 2013); 
they share this sensitivity of being watched with many vertebrates 
(Klein et al., 2009). In humans the angular range of the perception of 
being looked at (‘cone of direct gaze’) varies between 4 and 9 degrees 
and depends on interpersonal distance and facial expression (Gamer and 
Hecht, 2007). The cone of direct gaze is wider for happy and angry facial 
expressions than for neutral and fearful expressions (Lobmaier and 
Perrett, 2011; Schulze et al., 2013). The idea of being looked at by 
‘watching eyes’ promotes pro-social behaviour and self-awareness 
(Argyle and Dean, 1965; Conty et al., 2016). The latter can be illus-
trated by the effect of watching eyes on the Stroop task. This task con-
sists of naming the actual colour of the ink in which a colour name is 
printed; this naming is delayed when the ink colour does not match the 
colour’s name (e.g. when the word ‘green’ is printed in pink). Per-
forming the Stroop task under watching eyes delays the naming (Conty 
et al., 2010). 

The positive effect of watching eyes on pro-social behaviour has been 
reported in the following conditions: it has been associated with less 
bicycle thefts (Nettle et al., 2012); with less littering of public area 
(Bateson et al., 2013); with higher gifts in donation boxes in a museum 
or student cafeteria (Bateson et al., 2006; Kelsey et al., 2018) and with 
increased ratings of trustworthiness of truth-ambiguous statements 
(Kreysa et al., 2016). The effect of watching eyes in experimental eco-
nomics games, such as the ultimatum and the dictator game, is debated. 
Some studies reported a positive pro-social effect (Baillon et al., 2013; 
Burnham and Hare, 2007; Haley and Fessler, 2005; Hietanen et al., 
2018), while a similar pro-social effect was absent when auditory cues 
instead of watching eyes suggested the presence of others (Haley and 
Fessler, 2005). However, the review and meta-analyses of Northover 
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et al. (2017) did not find evidence for a consistent pro-social effect of 
watching eyes in economic games. The above findings may imply that 
the pro-social effect of watching eyes occurs is context specific and 
especially arises when the actor is surrounded by other people (Bateson 
et al., 2013). In this respect it is interesting to mention that Norenzayan 
et al. (2016) hypothesized that the cultural development from 
small-scale groups in the gatherer-hunter era to large-scale societies in 
later times was facilitated by pro-social religions characterized by gods 
whose eyes monitored human behaviour. 

4.2.2. Context and gaze effect on orientation toward and appreciation of 
objects 

Seeing someone looking at a specific target, i.e., the gaze of the 
viewer is averted to the target, automatically draws the observer’s 
attention to the target location (Fig. 2). This orienting effect is stronger 
than the orienting effect of an arrow (Tipper and Bayliss, 2018). The 
gaze orienting effect has been extensively investigated in laboratory 
experiments. Typically, participants in such experiments see a face 
projected on a screen with either direct or averted gaze. Next, targets 
appear laterally to the face, either at the location cued by the gaze or not. 
The studies revealed that persons react faster to targets that have been 
pre-cued by gaze direction, even when they intend to look at the 
contralateral direction (Driver et al., 1999; Friesen and Kingstone, 
1998). The gaze orienting effect is also present when only the eye region 
is presented (Bayless et al., 2011). When the contrast polarity of the eyes 
is reversed, the gaze orienting effect largely disappears (Ricciardelli 
et al., 2000). The gaze orienting effect is affected by the situation, in 
particular by the characteristics of the expresser and observer (Dalmaso 
et al., 2020). The presence of fearful or surprised expressions in the 
expresser’s face – expressions that are associated with more widely 
opened eyes – enhances the gaze cueing effect (Bayless et al., 2011). Also 
faces perceived as more dominant or having a higher social status pro-
mote the gaze orienting effect (Dalmaso et al., 2020). Factors of the 
observer that affect the gaze orienting effect are gender (larger effect in 
females than in males), age (smaller effect in elderly people) and 
self-esteem (larger effect in persons with low self-esteem) (Dalmaso 
et al., 2020). 

The complexity of the effect of human gaze in the appreciation of 
objects may be illustrated by the studies of Bayliss and colleagues. They 
demonstrated that gaze cueing was stronger when the gazing face had a 
happy than a disgusting expression, but this was only true when the 
observed object had a positive valence. When objects with a neutral or 
negative valence were presented the expression of the gazing face did 
not affect gaze cueing (Bayliss et al., 2010). In another experiment 
Bayliss and co-workers showed that a gazing individual evaluates ob-
jects more positively when his/her gaze is followed by another person’s 
gaze, i.e., in the presence of joint attention (Bayliss et al., 2013). 

4.2.3. Cultural differences in the perception of gaze 
Western Caucasian people maintain more eye contact during social 

interaction than East Asian people (Argyle et al., 1986). As a result 
Western Caucasian individuals have more experience with mutual gaze 
than East Asian persons, which could be the reason that Western 
Caucasian persons are more accurate in determining whether another 
person (with a similar cultural background) is looking at them than East 
Asian individuals (Uono and Hietanen, 2015). Yet, when tested with 
subtle gaze deviations both East Asian and Western Caucasian in-
dividuals show higher perceptual sensitivity to direct gaze in own-race 
faces than to direct gaze in other-race faces (Collova et al., 2017). This 
difference has been attributed to less perceptual expertise with faces of 
the other race (Collova et al., 2017). 

East Asian people perceive direct gaze of faces of the own culture as 
more unpleasant, more unapproachable and angrier than Western 
Caucasian people do (Akechi et al., 2013). Yet, the perceived intensity of 
happy and angry faces in both cultures is not affected by gaze direction 
of faces of the same culture. In addition, persons of both cultures 

perceive both expressions as more intensive when expressed by faces 
with direct (and not averted gaze) of the other culture (Krämer et al., 
2013). Finally, the gaze orienting effect is affected by culture: in East 
Asian persons, but not in Western Caucasian individuals, the gaze ori-
enting effect is affected by mismatching gazes of surrounding faces 
(Cohen et al., 2017). This may be the result of the cultural differences in 
social orientation and information processing: a more collectivistic 
oriented society with holistic information processing in East Asia and a 
more individualistic society with analytic information processing in the 
Western industrialized world (Argyle et al., 1986; Nisbett and Miya-
moto, 2005; Rule et al., 2013). 

4.3. Neural substrate of gaze perception 

Similar to the characteristics of the face, gaze perception is processed 
in the network of the social brain (Grosbras et al., 2005; Nummenmaa 
et al., 2010, Fig. 1C). It is unknown which parts of the brain are involved 
in gaze processing in newborn infants. The youngest age at which gaze 
perception has been studied is 4 months. A combined Near infrared 
spectroscopy and EEG study in 4-months-olds indicated that getting 
engaged in direct gaze is associated with increased activity in the su-
perior posterior temporal cortex and the frontal-polar cortex (Gross-
mann et al., 2008). In addition, the amplitude of the N290 (the infant 
equivalent of the N170) is larger during direct gaze than during averted 
gaze, an effect that is absent during face inversion (Farroni et al., 2002, 
2004a). The study of Vernetti et al. (2018) indicated that this differential 
effect of gaze direction on the N290 is experience dependent, as it was 
lacking in 6− 10-months-old sighted infants of blind mothers. 

In adults, the details of the situation determine which parts of the 
network are most active. For instance, the perception of dynamic gaze 
shift (irrespective of its direction) is associated with increased activity in 
the STS, intraparietal sulcus and fusiform gyrus (Pelphrey et al., 2003). 
When the gaze shift results in mutual as opposed to averted gaze a 
specific recruitment of the STS follows (Pelphrey et al., 2004). Another 
example is brain activity involved in the gaze orienting effect; it consists 
of activity in the inferotemporal gyrus, medial temporal cortex, inferior 
frontal gyrus, ventral and dorsal medial prefrontal cortex, paracentral 
lobule, and amygdala (Schilbach et al., 2011). 

For the evaluation of mutual gaze (eye contact) Senju and Johnson 
(2009) proposed a dual pathway model – in analogy to Johnson’s 
construct of the neural processing of faces (Section 2.2). The first route is 
the fast subcortical pathway that is also involved in the first and crude 
processing of facial information. It comprises the superior colliculus, 
pulvinar and amygdala. A study using positron emission tomography 
was able to confirm higher activity in the right (not the left) amygdala 
during direct as opposed to averted gaze (Kawashima et al., 1999). Burra 
et al. (2013), who assessed gaze perception in a person with extensive 
bilateral damage of the primary visual cortex, showed that direct gaze 
resulted in higher right amygdala activity than averted gaze, even 
though the person was unaware of gaze and gaze direction. The acti-
vation of the amygdala did not depend on the spatial frequency infor-
mation of the gaze, which contrasts with the known frequency 
dependency of the amygdala in response to facial information (see 
Sections 2.3 and 3.2.3). Burra et al. (2013) suggested that the salient 
stimulus of the white sclera is apparently sufficient to drive the amyg-
dala response (Burra et al., 2013). 

The information of the subcortical pathway modulates the activity in 
the second pathway, i.e., the cortical networks involved in the evalua-
tion of mutual gaze. The latter comprises in particular the aSTS, pSTS 
and medial prefrontal cortex (Senju and Johnson, 2009). The STS has a 
specific sensitivity to gaze. Studies in macaques indicated that both aSTS 
and pSTS have gaze-specific cells that are activated by gaze signals of 
body, head and eye, with especially the aSTS having cells that respond to 
eye-gaze signals (Barraclough and Perrett., 2011; Carlin and Calder, 
2013). Yet, according to fMRI studies in humans, it is the pSTS that plays 
a pivotal role in the processing of social gaze, that is, eye contact that is 
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perceived as communicative (Senju and Johnson, 2009) or joint atten-
tion (Nummenmaa and Calder, 2009; Pfeiffer et al., 2013; Redcay et al., 
2010). The finding that the pSTS does not only mediate gaze perception, 
but also forms part of the networks involved in action observation and 
theory of mind, underlines its crucial role in the processing of social 
information (Yang et al., 2015). As Senju and Johnson’s bottom-up 
model may suggest that cortical activity only occurs as a second and 
slower step in the processing of gaze information, Burra, Mares and 
Senju (2019b) extended the model by explicitly including the notion 
that task- and context specific information in the cortex may affect the 
early phases of gaze processing by means of top-down modulation. 

The pSTS plays a pivotal role in joint attention. Other parts of the 
brain involved in joint attention are the right temporoparietal junction 
and the dorsal medial prefrontal cortex, the cortex that is suggested to be 
involved in ‘meeting the minds’ (Pfeiffer et al., 2013; Redcay et al., 
2010). The study of Schilbach et al. (2010) indicated that the dorsal 
medial prefrontal cortex, in particular its anterior part, is activated when 
the other initiates joint attention, whereas self-initiated joint attention 
especially recruits the ventral striatum, that forms part of the so-called 
reward circuitry. 

The context and task specificity of the neural processing of gaze in-
formation is illustrated by the controversial ERP findings on the effect of 
direct as opposed to averted gaze on the N170. Studies that reported that 
direct gaze was associated with a smaller N170 amplitude than averted 
gaze, mostly used exposure times of at least 1 s and/or included the 
evaluation of facial characteristics, e.g. emotional expression or mouth 
movements (Latinus et al., 2015; Puce et al., 2000; Stephani. et al., 2020; 
exception: Itier et al., 2007). The studies that found that direct gaze was 
associated with a larger N170 amplitude mostly used an exposure time 
of 500 ms and restricted themselves to the evaluation of the effect of 
gaze (Conty et al., 2007; Mares et al., 2018; Pönkänen et al., 2011; 
exception Conty et al., 2012). Two studies that used exposure times of 
500 or 600 ms while persons were engaged in a gender categorization 
task (Burra et al., 2018) or a theory of mind judgement task (McCrackin 
and Itier, 2021), indicated that the N170 was not affected by gaze di-
rection. Rather, gaze direction was associated with higher EEG-activity 
in an early time window (100− 140 ms) at the N170 site (Burra et al., 
2018) and in a relatively late time window (300− 600 ms, Burra et al., 
2018; 540− 800 ms, McCrackin and Itier, 2021) at the centroparietal and 
parieto-occipital sites. 

ERP and fMRI studies indicated that facial expression affects the 
neural processing of gaze (Fichtenholtz et al., 2007; Graham and LaBar, 
2012; McCrackin and Itier, 2019). Moreover, Adams et al. (2010) 
showed that this effect may be modulated by race: averted gaze (as 
opposed to direct gaze) in own-race faces with a fearful expression was 
associated with increased activity in the face and gaze networks, 
including bilateral amygdala, whereas the reverse was true for 
other-race face with a fearful expression in which direct gaze was 
associated with the higher neural activity. 

4.4. Summary of gaze perception 

Gaze reflects attention and intention. Human eye morphology pro-
motes that human gaze behaviour is predominantly communicated via 
the eyes. Direct and especially mutual gaze facilitate social interaction, 
prosocial behaviour (‘watching eyes’) and affective bonding. Newborn 
infants already preferentially look at faces with direct rather than 
averted gaze. Averted gaze directs attention away from the viewer, often 
to a specific target. The strength of this gaze orienting effect is context 
specific. The combination of gaze shift to a target and mutual gaze re-
sults in joint attention (or rather shared attention), which is the corner 
stone of the theory of mind, the human’s capacity to create cognitive 
representations of others’ mental states. 

Culture affects eye contact: East Asian persons have less eye contact 
than Western Caucasian persons. This difference may reflect that East 
Asian persons in general are rather oriented to the community than to 

the individual, in contrast to the major orientation of Western Caucasian 
persons. 

Like the processing of face identity and facial expression, the pro-
cessing of eye gaze involves parts of the social brain network. Two 
pathways have been described: (1) a fast and crude subcortical pathway 
including the superior colliculus, pulvinar and amygdala; and (2) a 
slower and more accurate cortical pathway. The type of the task de-
termines which part of the cortical network is recruited preferentially 
and to what extent it relies on bottom-up and top-down processing of 
information. In mutual gaze the STS and medical prefrontal cortex are 
involved; in gaze shifts the STS, intraparietal sulcus and fusiform gyrus; 
in joint attention the pSTS, medial prefrontal cortex and temporopar-
ietal junction, and in the gaze orienting effect major parts of the social 
brain network. 

5. Concluding remarks and suggestions for future research 

The newborn human infant is already able to perceive and process 
information of face and gaze to some extent. The early emergence of face 
and gaze processing abilities underlines the importance of face and gaze 
signals in social interaction. Some evidence is available that the recog-
nition of face-like stimuli starts in utero (Reid et al., 2017). Yet, repli-
cation of the study of Reid and colleagues is needed, taking into account 
the methodological issues raised by Scheel et al. (2018) and Reid et al. 
(2018). In addition to replication, a longitudinal design that also in-
cludes the evaluation of hand-face movements is recommended. This 
design would allow to investigate whether the foetus’ increasing ability 
to adapt hand movements to the delicacy of the facial target (avoiding 
movements towards the eyes; Zoia et al., 2013) is associated with an 
increasing ability of the foetus to turn its head to face-like stimuli. The 
presence of such an association would support the foetal emergence of 
neural face maps that may facilitate the perception of face-like stimuli. 
Studies on the foetal emergence of the perception of facial expression 
and gaze direction are very hard to design. When studies on the foetal 
recognition of face-like stimuli can be accomplished successfully, the 
next step to be endeavoured might consist of studies evaluating the 
foetus’ ability to discriminate dynamic light displays of expressions of 
happiness and disgust. 

The eye region often plays a crucial role in the recognition of identity 
and genuine emotional expression. The genuine aspect is due to the 
limited cortical control of the muscles in the upper half of the face. The 
eyes’ gaze tell the observer about the other’s attention and intention and 
furnishes information about the other’s mental state. Hence the 
expression that the eyes are “the windows of the soul”, i.e., the other’s 
mind (Emery, 2000; Grossmann, 2017; Kleinke, 1986). 

The perception and processing of face identity, facial expression and 
gaze is clearly context dependent. The context is determined by a variety 
of factors. In the first place, the context of each of the three types of 
facial information (identity, expression, gaze) consists of the status of 
the other two types (e.g., the context of identity recognition is formed by 
expression and gaze direction). This interdependency of the three face 
signals underscores the notion that the appreciation of social facial in-
formation largely improves when information of the entire face is 
available. Second, the context is formed by other characteristics of the 
expresser and by characteristics of the observer and the environment. 
Also, the role of the eyes in the perception of facial identity and 
expression is context dependent. It depends, for instance, on culture and 
specifics of the situation (e.g., still face vs dyadic live interaction). The 
complexity and context dependency of the perception and processing of 
face and gaze information impact two societal trends, i.e., the increase in 
video-conferencing and in the use of robots. In video-conferencing, 
participants lack a shared environment and miss large parts of the 
others’ body context. Moreover, participants see themselves frequently 
on the screen, resulting in increased self-awareness that distracts from 
attention to the others (Bickmeyer, 2021). Future research needs to 
address the impact of the video-conferencing context on the perception 
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of face and gaze signals and how this affects the social communication 
and understanding of the participants. 

Robots, including social robots, are nowadays commonly used (Giger 
et al., 2019). Their abilities, such as perception, movements and inter-
action, get increasingly human-like (Ajoudani et al., 2018). In general, 
people see robots as more acceptable for household chores than for so-
cial interaction, as robots often induce an eery feeling (Giger et al., 2019; 
Złotowski et al., 2015). An experiment evaluating identical gaze 
behaviour of humans and robots indicated that participants required less 
attentional effort to interpret the human’s gaze than that of the robot 
(Ghiglino et al., 2021). The greater ease to read the human gaze may not 
only be attributed to the larger experience with this gaze, but also to its 
human facial context. Future research needs to address the question 
which human-like aspects of robotic face and gaze are associated with 
social appreciation or rather with dislike of robots – and in which 
context. First, when it is clear that a human-like face and gaze of robots 
are appreciated, it is wise to take the challenging step to develop robots 
equipped with the intricate non-verbal human-like skills involved in the 
production and processing of face and gaze signals. 

Culture is an acknowledged contextual factor in face and gaze pro-
cessing. For people in monoracial environments it is easier to recognize 
faces of the own-race and expressions expressed by faces of the own 
culture than those of other races and cultures, respectively, due to the 
large experiential advantage of faces of the own race and culture and to 
social categorization. The East Asian culture is associated with less eye 
contact than the culture in Western industrialized countries. In identity 
recognition of still faces with a neutral expression of the own-race 
Western Caucasian individuals gather the information on the critical 
eye region by direct scanning of that region, whereas East Asian people 
collect this information by focussing on the nose. Yet, in other situations, 
e.g., faces with an emotional expression or faces encountered in dyadic 
social interaction, Western Caucasian persons preferentially scan eye 
and mouth regions, whereas East Asian primarily fixate the eye region – 
the facial part that is relatively resistant to the East Asian cultural norm 

of suppression of emotional expression. 
Up until now, most research in face and gaze perception and pro-

cessing has been carried out in relatively artificial laboratory situations. 
These conditions have the advantage that interfering environmental 
contextual factors can be controlled. Yet, daily life is characterized by a 
continuously changing context. Technical tools to assess the way in 
which individuals assess faces in ecologically valid situations are 
currently available. These include malleable virtual environments in 
which, for instance, two live persons wearing head-mounted eye- 
trackers (see e.g. Haensel et al., 2021) interact. Such tools would allow 
to further elucidate the role of the cultural environment, as the envi-
ronment can be easily changed from multiple people from a single race 
(own or other race) to a multiracial mix of people, and because it allows 
for inclusion of not only Western Caucasian and East Asian participants, 
but also of e.g., black individuals from Africa and the Americas. More-
over, such tools allow to assess the role of the race of the interacting 
persons, that of their dynamic changes in gaze and facial expression, and 
that of their social categorization and implicit racial bias. When three 
dimensional video recording is added to the recording facilities also the 
changes in body posture and gestures as contextual modifiers may be 
captured and accounted for. 

Face and gaze processing occurs in parts of the social brain, i.e., the 
networks that deal with social cognition. The majority of studies on the 
neural processing of face and gaze signals in human beings focus on the 
cortical networks. Nevertheless, accumulating evidence suggests that 
the processing of facial identity, facial emotional expression and gaze 
involves two parallel and interacting pathways: (1) a fast and crude 
subcortical route, including the superior colliculus, pulvinar and 
amygdala; and (2) a slower cortical pathway. The cortical networks 
include in particular the fusiform gyrus, STS, the intraparietal sulcus, the 
temporoparietal junction and medial prefrontal cortex. The information 
flow in the networks is bidirectional, consists of a combination of 
bottom-up and top-down processing, and is highly context specific. The 
context assists the anticipation and the later processing of facial 

Fig. 3. Schematic depiction of subcortical 
and cortical pathways, contextual modula-
tion, and bottom-up and top-down process-
ing. 
The red arrows represent the flow of coarse, low 
spatial frequency information of face and gaze 
signals. This information is used by the fast 
subcortical pathway. The blue arrows represent 
the detailed, high spatial frequency information 
of face and gace signals. This information is 
processed by the slow cortical pathway. The 
contextual information (yellow) affects both 
pathways. The information of the subcortical 
pathway may recruit the networks in the medial 
prefrontal cortex (MPFC) allowing for prepara-
tion of the higher order visual cortical networks 
(including the fusiform regions) for the evalu-
ation of the incoming information via the slow 
cortical pathway. This preparatory top-down 
modulation is represented by the green arrow. 
It should be noted that (a) face identity, 
emotional expression and gaze are interdepen-
dent, i.e., each aspect forms part of the context 
of the other two; this is not depicted in the di-
agram; (b) neural information flow is often 
bidirectional (some of it is indicated by the 
black arrows); and (c) the neural systems are 
not depicted in anatomical detail; for details see 
Fig. 1. 
FFG = fusiform gyrus with fusiform face area; 
OFA = occipital face area; prim. vis. areas =
primary visual areas; spat. freq. = spatial fre-

quency; STS = superior temporal sulcus; VA = visual association areas.   
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information (Fig. 3). Future research needs to address the specifics of the 
contribution of the subcortical pathways and top-down processing. For 
instance, it could address the question of whether the effect of quick, 
coarse, low spatial frequency facial input, associated with social cate-
gories, prepares - via recruitment of the orbitofrontal cortex - the fusi-
form cortex to process facial information in a specific way. Novel 
techniques have become available to unravel the contributions of 
subcortical pathways and orbitofrontal cortex. Examples are the com-
bination of fMRI with magnetoelectroencephalography (MEG; allowing 
for a better spatial resolution of the source location than EEG; Lin et al., 
2021); MEG in combination with masking (allowing for unravelling the 
contribution of top-down processing; Kajal et al., 2020); the application 
of steady-state visual evoked potentials and eye-tracking (allowing for 
fixation related evoked potentials; Wieser et al., 2016); or hyper-
scanning in which two individuals interact in real time while the brain 
activity of both persons is scanned in an fMRI machine or recorded with 
EEG or MEG (Czeszumski. et al., 2020; Misaki et al., 2021). The studies 
using a single brain approach, i.e., record brain activity in only one 
person, could use as stimulus videoclips of daily life situations using 
three versions of the same clip: the original unfiltered version of the clip, 
one containing only the original’s low spatial frequency information, 
and one containing only the original’s high spatial frequency informa-
tion. The use of such stimulus set would allow a further determination of 
the role of the subcortical pathways in face and gaze processing in 
ecologically valid situations. 

In conclusion, face and gaze perception in the human is a complex 
process. Its development starts already in the prenatal phase. It is 
strongly experience dependent and largely context specific. Its pro-
cessing involves large parts of the social brain network, and does not 
only include bottom-up, but also top-down processing (e.g., during so-
cial categorization). 
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Papoušek, H., Papoušek, M., 1984. Qualitative transitions in integrative processes during 
the first trimester of human postpartum life. In: Prechtl, H.F.R. (Ed.), Continuity of 
Neural Functions Form Prenatal to Postnatal Life. Clin Dev Med No. 94. Blackwell 
Scientific Publications, Oxford, pp. 220–244. 

Parkington, K.B., Itier, R.J., 2018. One versus two eyes makes a difference! Early face 
perception is modulated by featural fixation and feature context.  Cortex 109, 35–49. 
https://doi.org/10.1016/j.cortex.2018.08.025. 

Parr, L.A., 2003. The discrimination of faces and their emotional content by chimpanzees 
(Pan troglodytes). Ann. N.Y. Acad. Sci. 1000, 56–78. https://doi.org/10.1196/ 
annals.1280.005. 

Parr, L.A., Cohen, M., De Waal, F., 2005. Influence of social context on the use of blended 
and graded facial displays in chimpanzees. Int. J. Primatol. 26, 73–103. https://doi. 
org/10.1007/s10764-005-0724-z. 

Pavlova, M.A., Sokolov, A.A., 2021. Reading covered faces. Cereb. Cortex. epub ahead of 
print. https://doi.org/10.1093/cercor/bhab311. 

Pazhoohi, F., Forby, L., Kingstone, A., 2021. Facial masks affect emotion recognition in 
the general population and individuals with autistic traits. PLoS One 16, e0257740. 
https://doi.org/10.1371/journal.pone.0257740. 

Pelphrey, K.A., Singerman, J.D., Allison, T., McCarthy, G., 2003. Brain activation evoked 
by perception of gaze shifts: the influence of context. Neuropsychologia 41, 
156–170. https://doi.org/10.1016/s0028-3932(02)00146-x. 

Pelphrey, K.A., Viola, R.J., McCarthy, G., 2004. When strangers pass: processing of 
mutual and averted social gaze in the superior temporal sulcus. Psychol. Sci. 15, 
598–603. https://doi.org/10.1111/j.0956-7976.2004.00726.x. 

Pessoa, L.A., 2017. Network model of the emotional brain. Trends Cogn. Sci. (Regul. Ed.) 
21, 357–371. https://doi.org/10.1016/j.tics.2017.03.002. 

Pfeiffer, U.J., Vogeley, K., Schilbach, L., 2013. From gaze cueing to dual eye-tracking: 
novel approaches to investigate the neural correlates of gaze in social interaction. 
Neurosci. Biobehav. Rev. 37, 2516–2528. https://doi.org/10.1016/j. 
neubiorev.2013.07.017. 

Pilgrim, S., Pretty, J.N., 2010. Nature and culture – an introduction. In: Pilgrim, S., 
Pretty, J.N. (Eds.), Nature and Culture – Rebuilding Lost Connections. Routledge, 
London.  

Pitti, A., Kuniyoshi, Y., Quoy, M., Gaussier, P., 2013. Modeling the minimal newborn’s 
intersubjective mind: the visuotopic-somatotopic alignment hypothesis in the 
superior colliculus. PLoS One 8, e69474. https://doi.org/10.1371/journal. 
pone.0069474. 

Poncet, F., Baudouin, J.Y., Dzhelyova, M.P., Rossion, B., Leleu, A., 2019. Rapid and 
automatic discrimination between facial expressions in the human brain. 
Neuropsychologia 129, 47–55. https://doi.org/10.1016/j. 
neuropsychologia.2019.03.006. 

Pönkänen, L.M., Alhoniemi, A., Leppänen, J.M., Hietanen, J.K., 2011. Does it make a 
difference if I have an eye contact with you or with your picture? An ERP study. Soc. 
Cogn. Affect. Neurosci. 6, 486–494. https://doi.org/10.1093/scan/nsq068. 

Premack, D., Woodruff, G., 1978. Does the chimpanzee have a “theory of mind”? Behav. 
Brain Sci. 4, 515–526. https://doi.org/10.1017/S0140525X00076512. 

Puce, A., Smith, A., Allison, T., 2000. ERPs evoked by viewing facial movements. Cogn. 
Neuropsychol. 2000 (1), 221–239. https://doi.org/10.1080/026432900380580. Feb 
1;17.  

Quinn, P.C., Lee, K., Pascalis, O., 2019. Face processing in infancy and beyond: the case 
of social categories. Annu. Rev. Psychol. 70, 165–189. https://doi.org/10.1146/ 
annurev-psych-010418-102753. 

Quinn, P.C., Balas, B.J., Pascalis, O., 2021. Reorganization in the representation of face- 
race categories from 6 to 9 months of age: behavioral and computational evidence. 
Vision Res. 179, 34–41. https://doi.org/10.1016/j.visres.2020.11.006. 

Redcay, E., Dodell-Feder, D., Pearrow, M.J., Mavros, P.L., Kleiner, M., Gabrieli, J.D., 
Saxe, R., 2010. Live face-to-face interaction during fMRI: a new tool for social 
cognitive neuroscience. Neuroimage 50, 1639–1647. https://doi.org/10.1016/j. 
neuroimage.2010.01.052. 

Reid, V.M., Dunn, K., Young, R.J., Amu, J., Donovan, T., Reissland, N., 2017. The human 
fetus preferentially engages with face-like visual stimuli. Curr. Biol. 27, 1825–1828. 
https://doi.org/10.1016/j.cub.2017.05.044 e3.  

Reid, V.M., Dunn, K., Young, R.J., Amu, J., Donovan, T., Reissland, N., 2018. The human 
fetus preferentially engages with face-like visual stimuli. Curr. Biol. 28, 824. https:// 
doi.org/10.1016/j.cub.2018.02.025. 

Reissland, N., Francis, B., Mason, J., Lincoln, K., 2011. Do facial expressions develop 
before birth? PLoS One 6, e24081. https://doi.org/10.1371/journal.pone.0024081. 

Reissland, N., Francis, B., Mason, J., 2013. Can healthy fetuses show facial expressions of 
“pain” or “distress”? PLoS One 8, e65530. https://doi.org/10.1371/journal. 
pone.0065530. 

Rennig, J., Beauchamp, M.S., 2018. Free viewing of talking faces reveals mouth and eye 
preferring regions of the human superior temporal sulcus. Neuroimage 183, 25–36. 
https://doi.org/10.1016/j.neuroimage.2018.08.008. 

Rhodes, G., Pond, S., Burton, N., Kloth, N., Jeffery, L., Bell, J., Ewing, L., Calder, A.J., 
Palermo, R., 2015. How distinct is the coding of face identity and expression? 
Evidence for some common dimensions in face space. Cognition 142, 123–137. 
https://doi.org/10.1016/j.cognition.2015.05.012. 

Ricciardelli, P., Bayliss, G., Driver, J., 2000. The positive and negative of human 
expertise in gaze perception. Cognition 77, B1–B14. https://doi.org/10.1016/ 
S0010-0277(00)00092-5. 

Richerson, P.J., Boyd, R., 2006. Not by Genes Alone – How Culture Transformed Human 
Evolution. Chicago University Press, Chicago.  

M. Hadders-Algra                                                                                                                                                                                                                               

https://doi.org/10.1016/j.biopsycho.2018.03.001
https://doi.org/10.1016/j.cub.2013.03.030
https://doi.org/10.1016/j.cub.2013.03.030
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1075
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1075
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1075
https://doi.org/10.1098/rstb.2013.0620
https://doi.org/10.1098/rstb.2013.0620
https://doi.org/10.1080/09658210344000152
https://doi.org/10.1080/09658210344000152
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1090
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1090
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1090
https://doi.org/10.1016/j.neuroimage.2013.03.020
https://doi.org/10.1002/dev.21177
https://doi.org/10.1002/dev.21177
https://doi.org/10.3389/fnins.2019.00517
https://doi.org/10.1016/j.cortex.2021.05.024
https://doi.org/10.2307/1421414
https://doi.org/10.1037//1076-8971.7.1.3
https://doi.org/10.1037//1076-8971.7.1.3
https://doi.org/10.1037/a0022901
https://doi.org/10.1037/a0022901
https://doi.org/10.1093/scan/nsaa143
https://doi.org/10.1093/scan/nsaa143
https://doi.org/10.1111/j.2044-835X.1998.tb00767.x
https://doi.org/10.1002/cne.23908
https://doi.org/10.1162/jocn.1997.9.5.611
https://doi.org/10.1016/j.bandc.2015.05.007
https://doi.org/10.1016/j.bandc.2015.05.007
https://doi.org/10.1016/j.neuroimage.2014.04.042
https://doi.org/10.1371/journal.pone.0051738
https://doi.org/10.1371/journal.pone.0051738
https://doi.org/10.1016/j.tics.2005.08.004
https://doi.org/10.1016/j.tics.2005.08.004
https://doi.org/10.1017/S0140525X14001356
https://doi.org/10.1016/j.evolhumbehav.2016.07.001
https://doi.org/10.1016/j.tics.2008.12.006
https://doi.org/10.1093/cercor/bhp244
https://doi.org/10.1017/S0140525X15002599
https://doi.org/10.1016/s1364-6613(02)01908-3
https://doi.org/10.1016/s1364-6613(02)01908-3
https://doi.org/10.1080/02699931.2018.1454403
https://doi.org/10.1080/02699931.2018.1454403
https://doi.org/10.1037/a0014520
https://doi.org/10.1037/a0014520
https://www-oed-com.proxy-ub.rug.nl/
https://doi.org/10.1016/j.neuropsychologia.2006.04.025
https://doi.org/10.1016/j.neuropsychologia.2006.04.025
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1220
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1220
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1220
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1220
https://doi.org/10.1016/j.cortex.2018.08.025
https://doi.org/10.1196/annals.1280.005
https://doi.org/10.1196/annals.1280.005
https://doi.org/10.1007/s10764-005-0724-z
https://doi.org/10.1007/s10764-005-0724-z
https://doi.org/10.1093/cercor/bhab311
https://doi.org/10.1371/journal.pone.0257740
https://doi.org/10.1016/s0028-3932(02)00146-x
https://doi.org/10.1111/j.0956-7976.2004.00726.x
https://doi.org/10.1016/j.tics.2017.03.002
https://doi.org/10.1016/j.neubiorev.2013.07.017
https://doi.org/10.1016/j.neubiorev.2013.07.017
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1270
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1270
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1270
https://doi.org/10.1371/journal.pone.0069474
https://doi.org/10.1371/journal.pone.0069474
https://doi.org/10.1016/j.neuropsychologia.2019.03.006
https://doi.org/10.1016/j.neuropsychologia.2019.03.006
https://doi.org/10.1093/scan/nsq068
https://doi.org/10.1017/S0140525X00076512
https://doi.org/10.1080/026432900380580
https://doi.org/10.1146/annurev-psych-010418-102753
https://doi.org/10.1146/annurev-psych-010418-102753
https://doi.org/10.1016/j.visres.2020.11.006
https://doi.org/10.1016/j.neuroimage.2010.01.052
https://doi.org/10.1016/j.neuroimage.2010.01.052
https://doi.org/10.1016/j.cub.2017.05.044
https://doi.org/10.1016/j.cub.2018.02.025
https://doi.org/10.1016/j.cub.2018.02.025
https://doi.org/10.1371/journal.pone.0024081
https://doi.org/10.1371/journal.pone.0065530
https://doi.org/10.1371/journal.pone.0065530
https://doi.org/10.1016/j.neuroimage.2018.08.008
https://doi.org/10.1016/j.cognition.2015.05.012
https://doi.org/10.1016/S0010-0277(00)00092-5
https://doi.org/10.1016/S0010-0277(00)00092-5
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1350
http://refhub.elsevier.com/S0149-7634(21)00536-4/sbref1350


Neuroscience and Biobehavioral Reviews 132 (2022) 304–323

322

Rigato, S., Menon, E., Johnson, M.H., Farroni, T., 2011. The interaction between gaze 
direction and facial expressions in newborns. Eur. J. Dev. Psychol. 8, 624–636. 
https://doi.org/10.1080/17405629.2011.602239. 

Righart, R., De Gelder, B., 2006. Context influences early perceptual analysis of 
faces—an electrophysiological study. Cereb. Cortex 16, 1249–1257. https://doi.org/ 
10.1093/cercor/bhj066. 

Righi, S., Marzi, T., Toscani, M., Baldassi, S., Ottonello, S., Viggiano, M.P., 2012. Fearful 
expressions enhance recognition memory: electrophysiological evidence. Acta 
Psychol. (Amst) 139, 7–18. https://doi.org/10.1016/j.actpsy.2011.09.015. 

Rosati, A.G., Hare, B., 2009. Looking past the model species: diversity in gaze-following 
skills across primates. Curr. Opin. Neurobiol. 19, 45–51. https://doi.org/10.1016/j. 
conb.2009.03.002. 

Ross, E.D., Prodan, C.I., Monot, M., 2007. Human facial expressions are organized 
functionally across the upper-lower facial axis. Neuroscientist 13, 433–446. https:// 
doi.org/10.1177/1073858407305618. 

Ross, E.D., Gupta, S.S., Adnan, A.M., Holden, T.L., Havlicek, J., Radhakrishnan, S., 2016. 
Neurophysiology of spontaneous facial expressions: I. Motor control of the upper and 
lower face is behaviorally independent in adults. Cortex 76, 28–42. https://doi.org/ 
10.1016/j.cortex.2016.01.001. 

Rule, N.O., Freeman, J.B., Ambady, N., 2013. Culture in social neuroscience: a review. 
Soc. Neurosci. 8, 3–10. https://doi.org/10.1080/17470919.2012.695293. 

Sangrigoli, S., De Schonen, S., 2004. Effect of visual experience on face processing: a 
developmental study of inversion and non-native effects. Dev. Sci. 7, 74–78. https:// 
doi.org/10.1111/j.1467-7687.2004.00324.x. 

Sangrigoli, S., Pallier, C., Argenti, A.M., Ventureyra, V.A., De Schonen, S., 2005. 
Reversibility of the other-race effect in face recognition during childhood. Psychol. 
Sci. 16, 440–444. https://doi.org/10.1111/j.0956-7976.2005.01554.x. 

Scheel, A.M., Ritchie, S.J., Brown, N.J.L., Jacques, S.L., 2018. Methodological problems 
in a study of fetal visual perception. Curr. Biol. 28, R594–R596. https://doi.org/ 
10.1016/j.cub.2018.03.047. 

Scheller, E., Büchel, C., Gamer, M., 2012. Diagnostic features of emotional expressions 
are processed preferentially. PLoS One (7), e41792. https://doi.org/10.1371/ 
journal.pone.0041792, 2012.  

Schilbach, L., 2015. Eye to eye, face to face and brain to brain: novel approaches to study 
the behavioral dynamics and neural mechanisms of social interactions. Curr. Opin. 
Behav. Sci. 3, 130–135. https://doi.org/10.1016/j.cobeha.2015.03.006. 

Schilbach, L., Wilms, M., Eickhoff, S.B., Romanzetti, S., Tepest, R., Bente, G., Shah, N.J., 
Fink, G.R., Vogeley, K., 2010. Minds made for sharing: initiating joint attention 
recruits reward-related neurocircuitry. J. Cogn. Neurosci. 22, 2702–2715. https:// 
doi.org/10.1162/jocn.2009.21401. 

Schilbach, L., Eickhoff, S.B., Cieslik, E., Shah, N.J., Fink, G.R., Vogeley, K., 2011. Eyes on 
me: an fMRI study of the effects of social gaze on action control. Soc. Cogn. Affect. 
Neurosci. 6, 393–403. https://doi.org/10.1093/scan/nsq067. 

Schmidt, K.L., Cohn, J.F., 2001. Human facial expressions as adaptations: evolutionary 
questions in facial expression research. Am. J. Phys. Anthropol. 116, 3–24. https:// 
doi.org/10.1002/ajpa.20001. S33.  

Schulze, L., Renneberg, B., Lobmaier, J.S., 2013. Gaze perception in social anxiety and 
social anxiety disorder. Front. Hum. Neurosci. 7 https://doi.org/10.3389/ 
fnhum.2013.00872, 872.  

Schurgin, M.W., Nelson, J., Iida, S., Ohira, H., Chiao, J.Y., Franconeri, S.L., 2014. Eye 
movements during emotion recognition in faces. J. Vis. 14, 1–16. https://doi.org/ 
10.1167/14.13.14. 

Schurz, M., Radua, J., Tholen, M.G., Maliske, L., Margulies, D.S., Mars, R.B., Sallet, J., 
Kanske, P., 2021. Toward a hierarchical model of social cognition: a neuroimaging 
meta-analysis and integrative review of empathy and theory of mind. Psychol. Bull. 
147, 293–327. https://doi.org/10.1037/bul0000303. 

Schyns, P.G., Petro, L.S., Smith, M.L., 2009. Transmission of facial expressions of 
emotion co-evolved with their efficient decoding in the brain: behavioral and brain 
evidence. PLoS One 4, e5625. https://doi.org/10.1371/journal.pone.0005625. 

Senju, A., Hasegawa, T., 2005. Direct gaze captures visuospatial attention. Vis. cogn. 12, 
127–144. https://doi.org/10.1080/13506280444000157. 

Senju, A., Johnson, M.H., 2009. The eye contact effect: mechanisms and development. 
Trends Cogn. Sci. (Regul. Ed.) 13, 127–134. https://doi.org/10.1016/j. 
tics.2008.11.009. 

Senju, A., Vernetti, A., Kikuchi, Y., Akechi, H., Hasegawa, T., Johnson, M.H., 2012. 
Cultural background modulates how we look at other persons’ gaze. Int. J. Behav. 
Dev. 37, 131–136. https://doi.org/10.1177/0165025412465360. 

Senju, A., Vernetti, A., Ganea, N., Hudry, K., Tucker, L., Charman, T., Johnson, M.H., 
2015. Early social experience affects the development of eye gaze processing. Curr. 
Biol. 25, 3086–3091. https://doi.org/10.1016/j.cub.2015.10.019. 

Sergerie, K., Lepage, M., Armony, J.L., 2004. A face to remember : emotional expression 
modulates prefrontal activity during memory formation. Neuroimage 24, 580–585. 
https://doi.org/10.1016/j.neuroimage.2004.08.051. 

Simion, F., Giorgio, E.D., 2015. Face perception and processing in early infancy: inborn 
predispositions and developmental changes. Front. Psychol. 6, 969. https://doi.org/ 
10.3389/fpsyg.2015.00969. 

Sivananthan, T., De Lissa, P., Curby, K.M., 2021. Colour context effects on speeded 
valence categorization of facial expressions. Vis. cogn. 29, 348–365. https://doi.org/ 
10.1080/13506285.2021.1915901. 

Sofer, C., Dotsch, R., Oikawa, M., Oikawa, H., Wigboldus, D.H.J., Todorov, A., 2017. For 
your local eyes only: culture-specific face typicality influences perceptions of 
trustworthiness. Perception 46, 914–928. https://doi.org/10.1177/ 
0301006617691786. 

Spunt, R.P., Adolphs, R., 2019. The neuroscience of understanding the emotions of 
others. Neurosci. Lett. 693, 44–48. https://doi.org/10.1016/j.neulet.2017.06.018. 

Srinivasan, R., Golomb, J.D., Martinez, A.M., 2016. A neural basis of facial action 
recognition in humans. J. Neurosci. 36, 4434–4442. https://doi.org/10.1523/ 
JNEUROSCI.1704-15.2016. 

Stanley, J.T., Zhang, X., Fung, H.H., Isaacowitz, D.M., 2013. Cultural differences in gaze 
and emotion recognition: americans contrast more than Chinese. PLoS One 13, 
36–46. https://doi.org/10.1037/a0029209. 

Steephen, J.E., Kummetha, S., Obbineni, S.C., Bapi, R.S., 2021. Mood-congruent biases in 
facial emotion perception and their gender dependence. Int. J. Psychol. 56, 378–386. 
https://doi.org/10.1002/ijop.12720. 

Stephani, T., Kirk Driller, K., Dimigen, O., Sommer, W., 2020. Eye contract in active and 
passive viewing: event-related brain potential evidence from a combined eye 
tracking and EEG study. Neuropsychologia 143, 107478. https://doi.org/10.1016/j. 
neuropsychologia.2020.107478. 

Sugden, N.A., Marquis, A.R., 2017. Meta-analytic review of the development of face 
discrimination in infancy: face race, face gender, infant age, and methodology 
moderate face discrimination. Psychol. Bull. 143, 1201–1244. https://doi.org/ 
10.1037/bul0000116. 

Susskind, J.M., Lee, D.H., Cusi, A., Feiman, R., Grabski, W., Anderson, A.K., 2008. 
Expressing fear enhances sensory acquisition. Nat. Neurosci. 11, 843–850. https:// 
doi.org/10.1038/nn.2138. 

Thompkins, A.M., Ramaiahgari, B., Zhao, S., Gotoor, S.S.R., Waggoner, P., Denney, T.S., 
Deshpande, G., Katz, J.S., 2018. Separate brain areas for processing human and dog 
faces as revealed by awake fMRI in dogs (Canis familiaris). Learn. Behav. 46, 
561–573. https://doi.org/10.3758/s13420-018-0352-z. 

Tipper, S.P., Bayliss, A.P., 2018. The impact of social gaze perception on attention. In: 
Rhodes, G., Calder, Al, Johnson, M., Haxby, J.V. (Eds.), The Oxford Handbook of 
Face Perception. Oxford Handbooks Online, Oxford. https://doi.org/10.1093/ 
oxfordhb/9780199559053.013.0028.  

Todorov, A., 2008. Evaluating faces on trustworthiness. An extension of systems for 
recognition of emotions signaling approach/avoidance behaviors. Ann. N.Y. Acad. 
Sci. 1124, 208–224. https://doi.org/10.1196/annals.1440.012. 

Tomalski, P., Csibra, G., Johnson, M.H., 2009. Rapid orienting toward face-like stimuli 
with gaze-relevant contrast information. Perception 38, 569–578. https://doi.org/ 
10.1068/p6137. 

Tomasello, M., 2014. A Natural History of Human Thinking. Harvard University Press, 
Cambridge, MA.  

Tomasello, M., Hare, B., Lehmann, H., Call, J., 2007. Reliance on head versus eyes in the 
gaze following great apes and human infants: the cooperative eye hypothesis. 
J. Hum. Evol. 52, 314–320. https://doi.org/10.1016/j.jhevol.2006.10.001. 

Turano, M.T., Lao, J., Richoz, A.R., Lissa, P., Degosciu, S.B.A., Viggiano, M.P., 
Caldara, R., 2017. Fear boosts the early neural coding of faces. Soc. Cogn. Affect. 
Neurosci. 12, 1959–1971. https://doi.org/10.1093/scan/nsx110. 

Uono, S., Hietanen, J.K., 2015. Eye contact perception in the West and East: a cross- 
cultural study. PLoS One 10, e0118094. https://doi.org/10.1371/journal. 
pone.0118094. 
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