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1. Introduction 

 

The human face constitutes an extremely important source of information in everyday 

life. Faces allow the rapid identification of our family members, relatives, and 

acquaintances. We are also able to extract various types of information from faces that 

we have never encountered before. We can readily distinguish unfamiliar individuals by 

their faces. Facial expressions make it possible to infer the emotional states, thoughts, 

and beliefs of individuals. A single glance at a person’s face is enough to determine the 

gender, age, and attractiveness of that person. These are invaluable capacities for us to 

succeed as social beings. 

Interestingly, we often perform the above tasks fairly efficiently and with a remarkable 

ease. In most cases, recognizing a face does not require conscious effort, in contrast to 

several other mental operations, such as the mental multiplication of multi-digit numbers, 

which are usually perceived as effortful. Yet face recognition is a demanding task for 

computational face recognition algorithms (Sinha, Balas, Ostrovsky, & Russell, 2006), 

whereas computers usually outperform humans in arithmetic tasks. In addition, humans 

are able to extract facial information under challenging viewing conditions, or when face 

images are degraded (see Figure 3.). We are also able to perform these tasks very 

quickly—as we will see, mechanisms involved in the perceptual processing of faces 

operate at the sub-second scale. 

Some of these amazing feats seem to be accomplished already at the earliest stages of 

development—newborns orient preferentially towards face-like patterns rather than non-

face-like visual stimuli (Johnson, Dziurawiec, Ellis, & Morton, 1991). As these babies 

have virtually no experience with faces, such observations are often taken as evidence 

that a part of our knowledge about faces is innately specified (Johnson, 2011). Others, 

however, have argued that such results can be explained by infants’ preference for “top-

heavy” visual patterns in general, rather than for faces per se (e.g. Cassia, Turati, & 

Simion, 2004). These conflicting ideas are related to the broader debate over whether 

face perception is subserved by domain-specific mechanisms. According to the domain-

specific view, face perception is carried out by mechanisms which are different from the 

ones involved in the processing of other types of visual information (Kanwisher, 2000). 

The investigation of patients suffering from the neuropsychological condition called 
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prosopagnosia, the severe deficit in recognizing familiar people from their faces 

(Bodamer, 1947, translated by Ellis & Florence, 1990), provide strong evidence for this 

assumption. There are case reports of individuals who have severe face processing 

deficits either due to acquired neurological damage or in the absence of thereof, whereas 

their object recognition skills remained intact (Duchaine, Yovel, Butterworth, & 

Nakayama, 2006; Riddoch, Johnston, Bracewell, Boutsen, & Humphreys, 2008). The 

inverse condition can also be observed, in which intact face processing is accompanied 

by a severe deficit in object recognition (Moscovitch, Winocur, & Behrmann, 1997). 

These results suggest that distinct brain mechanisms are involved in the processing of 

faces and non-face objects. According to the alternative view, the processes involved in 

face perception are domain-general—they can operate on non-face stimuli as well. 

Proponents of this view argue that faces are not special per se, but they form a rather 

homogenous class of visual stimuli, and we have disproportionally more experience in 

making subtle distinctions between exemplars of faces than between exemplars of other 

non-face object categories. However, — so the argument goes—once we have gained 

enough experience in individuating exemplars of any other stimulus class, those stimuli 

are processed similarly to faces (Diamond & Carey, 1986). One line of evidence in favor 

of this assumption comes from studies showing that once participants gain expertise with 

a novel stimulus class, the processing of those stimuli recruit the same brain regions as 

the processing of faces (Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999). 

At present, we do not know enough to resolve this debate (Hole & Bourne, 2010). 

Nevertheless, it is a good illustration of how the better understanding of the nature of 

face perception might help us to disentangle the fundamental architecture of the human 

mind, that is, the extent to which it is organized according to the type of information 

being processed, or the different kinds of processes it performs (Kanwisher, 2000). 

Moreover, understanding face perception has many possible applications, including the 

evaluation of the reliability of eyewitness identification, the improvement of automated 

face recognition systems, and the development of remedial training programs to alleviate 

face processing impairments. In the next chapter, I am going to discuss several 

experimental methods used in the investigation of the neural mechanisms underlying face 

perception in the healthy human brain. 
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1.1. Face processing in the human brain 

 

How shall we tackle the issue of face perception? A common approach used by 

experimental psychologists is to apply certain manipulations to the input (i.e. images of 

faces) and see how well the visual system copes with these manipulations. Examining 

whether certain image manipulations affect accuracy and reaction times in various face 

processing tasks allows researchers to draw inferences about the types of information 

being used by face processing mechanisms (Hole & Bourne, 2010). This approach has 

also been applied extensively to the study of illusory phenomena in face perception. More 

specifically, researchers examine how image manipulations affect perceptual aftereffects 

in the processing of faces. Aftereffects demonstrate that appearance of faces depend not 

only on their physical properties, but it can be influenced by the properties of previously 

viewed faces as well. For example, after the prolonged viewing of an artificially 

expanded face image, a subsequently presented normal face appears distorted in the 

opposite direction—that is, it looks contracted (Webster & MacLin 1999). In turn, when 

the previously viewed face is contracted, the normal face appears rather expanded 

(Webster & MacLin 1999). This phenomenon, called the face distortion aftereffect or 

figural face aftereffect, is an example of visual aftereffects (Clifford et al., 2007; Kohn, 

2007; Thompson & Burr, 2009; Webster, 2011; Webster & MacLeod, 2011) which can 

be observed in other visual domains as well, such as the perception of orientation (Gibson 

& Radner, 1937), motion direction (Anstis, Verstraten, & Mather, 1998; Mather, Pavan, 

Campana, & Casco, 2008), color (McCollough, 1965) and shape (Suzuki & Cavanagh, 

1998). The pattern of visual aftereffects is often similar across these domains—the 

appearance of the stimulus is biased away from the preceding stimulus along the 

dimension of change between the two stimuli. For example, after being exposed to a line 

tilted in one direction, a vertical line appears tilted in the opposite direction—the so-

called tilt aftereffect (Gibson & Radner, 1937). Another prime example is the motion 

aftereffect—after the prolonged viewing of a pattern moving in one direction, a 

subsequent still pattern appears as if it is moving in the opposite direction (Anstis et al., 

1998; Mather et al., 2008). Face aftereffects (face aftereffects) show a similar pattern 

along several dimensions such as identity (e.g. Leopold, O'Toole, Vetter, & Blanz, 2001), 

emotional expression (e.g. Webster, Kaping, Mizokami, & Duhamel, 2004), age (e.g. 

Schweinberger et al., 2010), gender (e.g. Kovács et al., 2006), ethnicity (e.g. Webster et 
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al., 2004), attractiveness (e.g. Rhodes, Jeffery, Watson, Clifford, & Nakayama, 2003), 

viewpoint (e.g. Fang & He, 2005) and eye gaze direction (e.g. Jenkins, Beaver, & Calder, 

2006). For example, after prolonged exposure to a male face an androgynous face looks 

more masculine and vice versa (Kovács et al., 2006). Similarly, viewing an individual 

face for a few seconds can bias the perceived identity of a subsequently presented test 

face, a phenomenon which is known as the face identity aftereffect (Leopold et al., 2001). 

Aftereffects are spectacular and intriguing aspects of visual processing, but what is the 

mechanism underlying these phenomena? According to the prevailing concept (reviewed 

by Webster & MacLeod, 2011), exposure to a visual stimulus (the adapting stimulus) 

leads to sensory adaptation in the visual system, which reduces the responses of the 

neural populations that encode the given stimulus. Given that the subsequently presented 

test stimulus activates the same or overlapping neural populations, the distribution of the 

responses to the test stimulus will be biased, which alters the appearance of the tests 

stimulus.  

Since the experimental evidence reviewed above demonstrates that aftereffects are 

ubiquitous in visual processing, it is important to determine the locus of the adaptation 

that underlies face aftereffects. To this end, one option is to investigate how aftereffects 

transfer between the adapting and test stimuli despite the differences in their physical 

characteristics. In other words, if an aftereffect can be observed even though the adapting 

and test stimuli differ in one of their attributes, this suggests that the adapting neurons 

are invariant to that attribute. This is a good indication of whether the locus of adaptation 

is involved in low-level image-based processing or in the more abstract high-level neural 

representation of faces. Thus, the invariance of face aftereffects to certain image 

manipulations allows researchers to infer the types of information encoded in the neural 

representation of faces. It is no surprise that visual aftereffects are called the 

psychologist’s microelectrode, due to their potential to reveal the neural mechanisms 

underlying visual perception (Frisby, 1979).It should be noted, however, that drawing 

conclusions regarding the sensitivity of neurons from the lack of aftereffects between 

different images is problematic due to the limitations of the interpretation of null effects. 

This could be handled by novel statistical approaches that allow researchers to express 

preference for either the null hypothesis or the alternative (Rouder, Speckman, Sun, 

Morey, & Iverson, 2009). 
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In addition to behavioral measures, several methods have been developed that allow the 

more direct investigation of the neural mechanisms underlying face processing. Foremost 

these techniques enable researchers to determine where and when in the brain the 

processing of faces differ from the processing of other object categories. Once the neural 

correlates of face processing are identified, it is possible to measure how they change as 

a function of manipulations applied to the input. One can also examine how variability 

in these neural correlates predict the output, that is, behavioral performance in different 

face processing tasks. These approaches make it possible to draw conclusions about the 

different types of information processing these neural correlates reflect. 

The event-related potential (ERP) technique is a convenient method to address the 

question of when the neural processing of faces diverge from that of other objects. The 

ERP technique involves the measuring of brain electrical activity in response to different 

stimuli, such as faces or objects, with electrodes attached to the scalp. Repeating the 

stimulus a number of times and averaging the concurrently recorded electrical activity 

allows the extraction of voltage changes that are time-locked to stimulus onset. These 

event-related potential components are characterized by their polarity (positive or 

negative deflection) and latency; the time between the onset of the stimulus and the peak 

of the voltage deflection in milliseconds. Examining the differences in their amplitude 

Figure 1. The N170 is a 
negative polarity ERP 
component peaking at about 
170 ms after stimulus onset 
over the posterior occipito-
temporal electrode sites. The 
amplitude of the component is 
larger to faces than other 
objects (here cars). The N170 
is accompanied by the vertex 
positive potential VPP, a 
positive polarity component 
on the vertex, which is 
characterized by similar 
response properties (Rossion 
& Jacques, 2008, p. 1960). 
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and/or latency in response to faces and other visual objects enables researchers to 

investigate the time course of face-specific processing. 

The rapid presentation of a face evokes a positive polarity ERP component, termed P1, 

that is maximal in amplitude at the posterior occipital recording sites and peaks around 

100 ms after stimulus onset. Several studies have reported that the amplitude of the P1 in 

response to faces is larger when compared to exemplars of other non-face object 

categories (e.g. Eimer, 1998; Herrmann, Ehlis, Ellgring, & Fallgatter, 2005; Itier & 

Taylor, 2004). One study using magnetoencephalography (MEG), the measurement of 

the magnetic field generated by the brain’s neuro-electrical activity (Hari & Salmelin, 

2012), have identified an M1 component emerging over the occipito-temporal cortex 

which is characterized by a similar response latency and is also larger for faces than 

houses (Liu, Harris, & Kanwisher, 2002). At present, the exact nature of the mechanisms 

underlying the P1/M1 is debated. Several assumptions have been put forward, including 

the processing of face parts (Liu et al., 2002; detailed later in this section), the processing 

of facial configuration (Halit, de Haan, & Johnson, 2000) or the categorization of the 

stimulus as a face based on low-level visual information (Rossion & Jacques, 2011). 

Figure 2. Representative fMRI images for cortical regions specifically involved in the 
perception of faces: the occipital face area (OFA), the fusiform face area (FFA), and 
the posterior superior temporal sulcus (pSTS). Face-specific activity was defined by 
the face > object contrast using the appropriate statistical threshold (Fox, Iaria, & 
Barton, 2009, p. 1638). 
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The presentation of a face also elicits a negative-going waveform in the time window of 

140-200 ms post stimulus that is most prominent over the posterior occipito-temporal 

recording sites and reaches its maximal amplitude around 170 ms after stimulus onset, 

hence called the N170 (Bentin, Allison, Puce, Perez, & McCarthy, 1996; for reviews, see 

Eimer, 2011; Rossion & Jacques, 2008; 2011; Figure 1.). The amplitude of the N170 is 

larger over the right than the left hemisphere recording sites (Bentin et al., 1996), in 

accordance with the well-known right hemispheric dominane in face processing (Hole & 

Bourne, 2010, p. 211). The N170 is larger in amplitude in response to faces than to 

exemplars of other object categories such as cars, shoes, chairs, houses and novel non-

face objects called Greebles (Rossion et al., 2000). This enhancement of the N170 to 

faces relative to other object categories, termed as the N170 face effect (Rossion & 

Jacques, 2011), is often accompanied by the latency modulation of the component as 

well. For example, the N170 has been reported to peak earlier for face images than for 

images of houses (Rossion et al., 2000), cars (Gauthier, Curran, Curby, & Collins, 2003) 

or other everyday objects such as watches or shoes (Stekelenburg & de Gelder, 2004; 

Zion-Golumbic, & Bentin, 2007). 

 In the time window of the N170, a positive deflection called vertex-positive potential 

(VPP) can also be observed on the vertex electrode Cz (Jeffreys, 1989). Similarly to the 

N170, the VPP is also larger in response to faces than to non-face images (Jeffreys, 1989; 

Joyce & Rossion, 2005), and it is assumed that the two components are generated by the 

same cortical sources (Jemel et al., 2003; Joyce & Rossion, 2005). In addition, subdural 

recordings in epileptic patients have identified a so-called N200 response at ventral 

occipito-temporal recording sites that is more negative to faces than to other stimulus 

categories (Allison, Puce, Spencer, & McCarthy, 1999). Moreover, MEG studies have 

identified a so-called M170 component which is often regarded as the neuromagnetic 

counterpart of the N170 due to the similarities between the response properties of the two 

components (Gao et al., 2013; Halgren, Raij, Marinkovic, Jousmäki, & Hari, 2000; Liu, 

Higuchi, Marantz, & Kanwisher, 2000; Sams, Hietanen, Hari, Ilmoniemi, & Lounasmaa, 

1997; Xu, Liu, & Kanwisher, 2005). Taken together, these results suggest that face 

processing mechanisms operate in the time window of the N170, however, it should be 

kept in mind that different recording modalities might capture different aspects of this 

processing (for an example, see Harris & Nakayama, 2008, reviewed in Eimer, 2011). 
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With regard to the question of where in the brain the processing of faces differ from the 

processing of other object categories, functional magnetic resonance imaging (fMRI) is 

a useful method to investigate the neural locus of face-specific processing. The activation 

of a brain region entails the increase of regional cerebral blood flow, leading to changes 

in the local MR signal. This blood oxygenation level dependent (BOLD) signal can be 

measured with fMRI during visual stimulation under different conditions. The resulting 

activation patterns can be superimposed onto structural brain images. This allows the 

researcher to infer the locus of stimulus-specific brain activation. In the past two decades, 

several cortical areas have been identified that respond preferentially to faces (Figure 2.). 

These areas include the fusiform face area (FFA), located in the mid-fusiform gyrus 

(Kanwisher, McDermott, & Chun, 1997; Kanwisher & Yovel, 2006), the occipital face 

area (OFA) in the inferior occipital gyrus (Gauthier et al., 2000; Pitcher, Walsh, & 

Duchaine, 2011), a posterior region of the superior temporal sulcus (pSTS; Engell & 

Haxby, 2007; Hoffman & Haxby, 2000; Narumoto, Okada, Sadato, Fukui, & Yonekura, 

2001) and an anterior region of the inferotemporal cortex (Kriegeskorte, Formisano, 

Sorger, & Goebel, 2007; Rajimehr, Young, & Tootell, 2009). These cortical areas are 

often referred to as “face-selective” regions, since they show a significantly larger 

response to faces than to exemplars of other non-face object categories (Kanwisher & 

Dilks, 2012). They are assumed to form an interconnected neural system dedicated to 

face processing (Haxby & Gobbini, 2011; Haxby, Hoffman, & Gobbini, 2000). In 

particular, within the proposed “Core system” dedicated to the perceptual analysis of 

faces, the OFA and FFA are assumed to extract the invariant properties of the face for 

the purpose of identification, whereas the pSTS is supposed to process the dynamic, 

changeable aspects of the face such as the emotional expression (Haxby & Gobbini, 

2011). 

In sum, the above studies describe the spatio-temporal characteristics of face-specific 

perceptual processing in the human brain. Circumscribed regions of the occipito-

temporal cortex respond preferentially to faces. The activity of these regions likely 

contribute to the face-sensitive N170 component of the event-related potential (Eimer, 

2011). The properties of these neural correlates can be investigated by measuring how 

they change as a function of manipulations applied to faces, or by examining how they 

relate to behavioral performance in various tasks, according to the logic outlined above.  
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More recent studies investigating the neural correlates of face perception take advantage 

of the fact that repeating the presentation of a stimulus results in the reduction of the 

neural response to that stimulus relative to a condition in which novel stimuli are 

presented in succession. This phenomenon, termed as “repetition suppression” (RS), is 

evident in the attenuation of the ERP and of the fMRI responses to visual stimulation, 

the latter termed as fMRI adaptation (Grill-Spector & Malach, 2001; for reviews, see 

Grill-Spector et al., 2006; Krekelberg et al., 2006). RS presumably reflects the adaptation 

of the underlying neural population, which makes it possible to investigate the sensitivity 

of the neurons to various aspects of the stimulus. If the repetition of a stimulus results in 

RS, and the response remains suppressed despite a change in one stimulus attribute, this 

suggests invariance in the neural coding of the stimulus with respect to the changed 

attribute. If a change in one stimulus attribute increases the response and hence abolishes 

the RS, this indicates that the underlying neurons are sensitive to the changed attribute. 

This “release of adaptation” is expected if the altered stimulus activates a new, non-

adapted subpopulation of neurons. Thus, RS paradigms allow researchers to infer the 

type information processed in a given brain region or time window. 

The experimental methods outlined above have been used extensively in the last few 

decades to investigate face processing in the human brain. This vast body of research 

highlighted the role of processing the relationship between face parts, commonly referred 

to as configural face processing. In the following sections, I am going to discuss 

configural processing and its neural correlates. 

 

1.2. Configural processing 

 

Featural processing refers to the processing of the individual parts or features of the face, 

such as the shape and the color of the eyes or the mouth. In contrast, configural processing 

refers to a type of processing that focuses on the relations between the components of the 

face. Figure 3. demonstrates the importance of the facial configuration in face processing. 

Probably most of us can readily recognize the face, even though the fine details of the 

individual facial features are greatly deteriorated due to the poor resolution of the image 

(Harmon, 1973; Harmon & Julesz, 1973). This suggests that fine details are not necessary 
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for face recognition, instead, recognition probably relies on the overall configuration of 

the face (Sinha et al., 2006). 

In their review, Maurer, Le Grand, and Mondloch (2002) distinguished three types of 

configural processing. According to this view, configural processing includes the 

detection of first-order relations (the basic configuration of face parts that is shared by 

all human faces—that is, two eyes above a nose and a mouth), holistic processing 

(integrating the face parts into a single representation), and the processing of second-

order relational properties (the intricate spatial interrelationship between the face parts). 

The authors reviewed evidence regarding the separability of these processes and argued 

that they can be distinguished by different behavioral marker tasks. 

Even though the review of Maurer et al. (2002) remained highly influential, there is much 

confusion in the literature regarding the use of the term “configural processing”. Some 

authors use the term “configural” and “holistic” interchangeably, others use “configural 

processing” to refer to one of  the subtypes proposed by Maurer et al. (2002), while still 

others use this term without any further clarification regarding the nature of the process 

involved (Hole & Bourne, 2010; and Tanaka & Gordon, 2011 provide excellent reviews 

regarding the definitions of configural processing). In the current work, I adopted the 

terminology proposed by Maurer et al. (2002), which is also reflected in the structure of 

the thesis. The terms ‘feature’ and ‘part’ will be used interchangeably, with both referring 

to the individual local properties of the face. These two terms, together with the term 

“configuration”, will be used to refer to the different types of information that are used 

Figure 3. Probably most of us can easily 
recognize Barack Obama, even though the 
image has a fairly low resolution of 20 x 27 
pixels. This demonstrates that good face 
recognition performance can be obtained even 
in the absence of detailed information about 
the features of the face. (Original image: 
https://upload.wikimedia.org/wikipedia/comm
ons/e/e9/Official_portrait_of_Barack_Obama
.jpg) 
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by face processing mechanisms. In the following chapters I am going to discuss the 

neural correlates of configural processing in face perception by reviewing the available 

evidence mainly from electrophysiological and functional neuroimaging studies in 

humans. To a lesser extent, I will also refer to electrophysiological investigations in non-

human primates regarding the most pivotal issues in face processing. 

Recent investigation has shown that some forms of configural processing may not be 

confined to faces but extend to the whole-person level. In particular, Aviezer, Trope, and 

Todorov (2012) demonstrated in an elegant series of experiments that faces and bodies 

are processed as a single perceptual unit, similarly to how different face parts are 

integrated into a unitary percept. Aviezer et al. (2012) refer to this phenomenon as 

“holistic person processing”. This issue will be the focus of section 3.Generally, in my 

experimental work I am going to detail psychophysical and electrophysiological 

experiments in healthy human subjects that all tested the neural correlates of configural 

processing in face and person perception. 

 

2. Sensitivity to first-order relational properties 

 

First-order relational properties refer to the basic configuration that is shared by each 

member of a visual object category (Diamond & Carey, 1986). Every human face has the 

same basic layout—two eyes are situated above a nose, which is in turn above a mouth. 

These fundamental relations between the face parts constitute the first-order relational 

properties of a face. The functional significance of processing these properties is 

demonstrated by at least two observations. First, since all healthy faces share the same 

first-order relations, processing these properties is a handy solution to detect the presence 

of a face in a visual scene. Developmental studies have shown that sensitivity to first-

order relational properties is evident early in life, as infants prefer to look at schematic 

face images rather than the scrambled versions of these images with the position of the 

face parts swapped (Johnson et al., 1991). Second, first-order relational properties play a 

fundamental role in interpreting ambiguous stimuli as faces. In fact, as I will discuss 

below in more detail, detecting the T-shaped configuration described above is often 

enough to perceive a stimulus as a face, even if the stimulus has no discernible face parts. 
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2.1. The neural correlates of processing first-order relational properties 

 

We have seen in section 1.1. that certain brain regions respond preferentially to faces, 

and that  processing of faces diverges from the processing of objects already around 170 

ms after stimulus onset. Importantly, however, these neural correlates are not solely 

related to the physical characteristics of the stimulus, rather, they reflect the conscious 

interpretation of the stimulus as a face. First-order relations presumably play a crucial 

role in this interpretative process. In fact, a stimulus composed entirely of non-face 

features can be perceived as a face if the arrangement of its constituent parts preserve the 

configuration typical for faces. A prime example is The Vegetable Gardener (Figure 4.), 

the painting by Giuseppe Arcimboldo, depicting a collection of vegetables that appear to 

form a face when the painting is viewed upright, but not when the canonical face-like 

configuration is abolished by turning the painting upside-down (Maurer et al., 2002). 

Accordingly, the N170 over the right hemisphere is of similar amplitude to real faces and 

Arcimboldo paintings, and smaller to non-face objects, provided that the images are 

upright (Caharel et al., 2013). When inverted, Arcimboldo paintings evoke an N170 that 

is comparable in amplitude to that evoked by non-face objects, both of them being 

smaller than the N170 in response to faces (Caharel et al., 2013). Similarly, two-tone 

Mooney face images (Mooney, 1957) that consist of black and white patches and are 

difficult to identify as faces when turned upside-down (Figure 4.) evoke larger N170 

when they are reported as "faces" (George, Jemel, Fiori, Chaby, & Renault, 2005). 

Schematic faces that lack veridical face parts but preserve the basic face configuration 

have also been shown to evoke N170s that are comparable in amplitude to those elicited 

by real faces, whereas inversion reduced the N170 amplitude to schematic faces (Sagiv 

& Bentin, 2001). In one study, schematic faces evoked stronger BOLD response in the 

FFA than objects, although weaker than real face images (Tong, Nakayama, Moscovitch, 

Weinrib, & Kanwisher, 2000). Moreover, the N170 is similar in amplitude to faces and 

non-face objects which are nevertheless perceived as “face-like”, while being smaller in 
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response to objects that are not classified as “face-like” (Churches, Baron-Cohen, & 

Ring, 2009). Comparable results have been obtained using magnetoencephalography, as 

the MEG response in the ventral fusiform cortex around 165 ms after stimulus onset was 

similar to faces and face-like objects, whereas non-face-like objects failed to evoke such 

a response (Hadjikhani, Kveraga, Naik, & Ahlfors, 2009). Such observations has been 

taken to indicate that the N170 is related to the interpretation of the stimulus as a face, 

which involves bottom-up and top-down processes as well (Rossion, 2014). The above 

examples also imply that first-order relational properties facilitate the interpretation of 

the stimulus as a face, and that the processing of these properties probably engages face-

selective cortical areas and take place in the time window of the N170. Furthermore, from 

these examples it is also evident that examining the effect of inversion, which hinders 

theprocessing of first-order relational properties (Maurer et al., 2002), or the effect of 

disrupting the canonical arrangement of face parts by scramblingare useful strategies to 

investigate the neural mechanisms sensitive to first-order relational properties.  

 

2.2. The effect of face inversion and scrambling on the neural correlates of face 

perception 

 

On the one hand, turning the face upside-down leaves several low-level properties of the 

image, such as luminance, contrast, or spatial frequency, intact (Tanaka & Gordon, 

Figure 4. (a) The 
Vegatable Gardener, 
a painting by 
Guiseppe 
Arcimboldo, turned 
upside-down. (b) A 
two-tone inverted 
Mooney face image. 
These images lack 
veridical face parts 
and do not appear 
face-like until they are 
turned upright 
(Maurer et al., 2002, 
p. 256). 
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2011). On the other hand, this stimulus manipulation has a profound effect on face 

processing – it deteriorates the recognition of faces to a greater extent than the recognition 

of other objects, a phenomenon which is commonly referred to as the face inversion 

effect (FIE; Yin, 1969, for reviews, seeRossion & Gauthier, 2002; Rossion, 2008). It is 

this disproportionate drop in recognition performance that is usually taken as evidence 

for the uniqueness of faces—that is, that faces are encoded by specialized visual 

processing mechanisms—the ones that break down when the face is turned upside-down. 

The effect of face inversion is also evident in the modulation of the neural correlates of 

face processing, as I will explain below. In the following paragraphs, the terms behavioral 

and neural FIE will be used to refer to the effect of inversion on face recognition and the 

neural correlates of face processing, respectively (cf. Yovel & Kanwisher, 2005). 

Face inversion increases the latency of the N170 component—that is, the N170 peaks 

around 10 ms later for inverted when compared to upright faces (Bentin et al., 1996; 

Eimer, 2000; Itier & Taylor, 2002; Itier, Latinus, & Taylor, 2006;Rebai, Poiroux, 

Bernard, & Lalonde, 2001; Rossion et al., 1999; 2000; Sagiv & Bentin, 2001). A possible 

explanation for this effect is that inversion delays the activation of face representations, 

which is reflected in the latency increase of the N170 (Rossion & Jacques, 2011). After 

all, inverted faces are also identified as faces. According to Rossion & Jacques (2011), 

degrading the face stimulus by inversion, for example, certainly do not prevent the 

categorization of the stimulus as a face, but slows down the detection process, and it is 

the delayed activation of the face representation that is reflected in the N170 latency 

increase. Interestingly, however, inversion also affects the N170 in a rather surprising 

way—turning a face upside-down increases the amplitude of the N170 (Eimer, 2000; 

Itier & Taylor, 2002; Itier et al., 2006; Rebai et al., 2001; Rossion et al., 1999; 2000; 

Sagiv & Bentin, 2001) and its positive counterpart, the VPP (Itier & Taylor, 2002; 

Rossion et al., 1999).  

It should be noted that in some studies, inversion has also been shown to increase the 

latency (Itier & Taylor, 2002) and the amplitude (Linkenkaer-Hansen et al., 1999) of the 

earlier P1 component. However, when investigating how the rotation of the face away 

from the upright orientation affects face identity discrimination and electrophysiological 

responses, Jacques & Rossion (2007) observed a correlation between the ERP signal and 

behavioral performance in the time window of the N170 which was absent at shorter 

latencies. The authors concluded that the earlier modulation of the ERP in the P1 time 
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range is probably related to low-level differences between upright and inverted faces, 

such as the differential distribution of high and low contrast regions in the upper and 

lower visual field, which is not directly related to the behavioral FIE (Jacques & Rossion, 

2007).  

Several explanations have been put forward to explain the enhancement of the N170 to 

inverted faces. According to one hypothesis, the N170 amplitude difference between 

upright and inverted faces is a result of the interplay between face-selective and eye-

selective neural populations in the superior temporal sulcus (Itier, Alain, Sedore, & 

McIntosh, 2007). Based on evidence obtained from electrophysiological recordings in 

monkeys (Perrett et al., 1985; Perrett, Rolls, & Caan, 1982), Itier et al. (2007) proposed 

that the disruption of the canonical face configuration by inversion results in the 

disinhibition of eye-selective cells, which are suppressed when the eyes are presented in 

the normal face context. The disinhibition of the eye-selective cells would result in the 

increase of the N170 to upright faces. Thus, the amplitude enhancement of the N170 to 

inverted faces would be the result of the facilitated processing of the eye region. 

Accordingly, the authors demonstrated that removing the eyes from the face decreases 

the effect of inversion on the N170 amplitude (Itier et al., 2007). On the contrary, 

however, in a recent study investigating the effect of systematically rotating away the 

face from the upright orientation, the authors found a non-linear relationship between 

face orientation and N170 amplitude, which was independent of the presence or absence 

of the eyes (Magnuski & Gola, 2013). 

According to some alternative accounts, the N170 amplitude difference between upright 

and inverted faces reflects the operation of different processing mechanisms. Sagiv & 

Bentin (2001) proposed that contrary to upright faces which primarily engage holistic 

processing (reviewed in section 3.), upside-down faces are processed on the basis of face 

components. This is because holistic processing inhibits the analysis of face components 

(face parts) in upright faces, while inversion, which interferes with holistic processing, 

disinhibits the component analysis system, which results in the enhancement of the N170 

amplitude. This assumption is in line with the authors observation that contrary to 

veridical faces, inversion of schematic faces actually lead to a reduction of the N170 

(Sagiv & Bentin, 2001). As schematic faces lack veridical face parts, disrupting holistic 

processing cannot facilitate their component-based analysis, and hence the N170 



22   

 

amplitude in this case would only reflect the additional difficulty of processing the face 

(Sagiv & Bentin, 2001). 

In a similar vein, it has been suggested that contrary to upright faces, inverted faces 

recruit cortical areas implementing more general object processing mechanisms which 

results in the amplitude enhancement of the N170 (Rossion et al., 2000). This notion is 

in line with the results of a case study showing enhanced behavioral FIE in a patient with 

visual object agnosia but spared face recognition, presumably due to the damaged object-

recognition system which is normally engaged in the processing of inverted faces 

(Moscovitch et al., 1997). To further evaluate this assumption, it is essential to take a 

look at the existing functional imaging evidence on the effects of face inversion. As a 

matter of fact, several fMRI studies have observed increased activity to inverted relative 

to upright faces in object-sensitive cortical regions that are not face-selective (Aguirre, 

Singh, & D'Esposito, 1999; Epstein, Higgins, Parker, Aguirre, & Cooperman, 2006; 

Haxby et al., 1999; Yovel & Kanwisher, 2005). Moreover, a recent study using 

transcranial magnetic stimulation (TMS) has shown that transiently disrupting the 

function of the lateral occipital area (LO; Malach et al., 1995), a subregion of the lateral 

occipital complex (LOC), by a brief magnetic pulse impaired the discrimination of 

inverted but not upright faces (Pitcher, Duchaine, Walsh, Yovel, & Kanwisher, 2011). 

As the LOC responds to object shape irrespective of object category (for a review, see 

Kanwisher & Dilks, 2012), the above finding supports the notion that object-specific 

mechanisms are more involved in the processing of inverted faces (Pitcher et al., 2011).  

Regarding the effect of face inversion on the activity of face-selective cortical areas, 

initial studies yielded mixed results. These early studies either found no effect of face 

inversion in the FFA (Aguirre et al., 1999; Epstein et al., 2006; Leube et al., 2003), or a 

small and inconsistent decrease of the FFA response to inverted when compared to 

upright faces (Haxby et al., 1999; Kanwisher, Tong, & Nakayama, 1998). Nevertheless, 

a later study has identified the FFA as the probable neural locus of the behavioral FIE 

(Yovel & Kanwisher, 2005). Yovel and Kanwisher (2005) observed that inversion 

reduced, on the one hand, the accuracy of participants in a task requiring the identity 

discrimination of face pairs (behavioral FIE), and on the other hand, the BOLD response 

to faces in the FFA and the face-selective STS region (neural FIE). Importantly, the 

behavioral and neural FIE was positively correlated only in the FFA – the lower the FFA 

response to inverted versus upright faces, the lower the accuracy in inverted versus 
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upright face individuation (Yovel & Kanwisher, 2005). Moreover, the FFA has been 

reported to be less sensitive to variations in face identity in inverted than in upright faces. 

In particular, it has been shown that presenting different identity faces in succession 

evokes a larger BOLD response in the FFA when compared to a condition in which the 

same face is repeated, but only in the case of upright faces, as there is no difference in 

the response between the same and different identity conditions when the faces are turned 

upside-down (Mazard, Schiltz, & Rossion, 2006; Yovel & Kanwisher, 2005). While 

these findings are consistent with the notion that the FFA is the neural locus of the 

behavioral FIE, a more recent study found an inversion effect in the FFA only for whole 

faces but not for combinations of isolated face parts, such as eyes and mouth, even though 

behavioral FIE could be observed with such stimuli as well (James, Arcurio, & Gold, 

2013). Instead, James et al. (2013) found that the behavioral FIE in case of whole faces 

and combinations of face parts was paralleled by a neural FIE in the right inferior frontal 

gyrus (rIFG), a region that is considered to be a part of the extended face processing 

system (Ishai, 2008). 

By and large, these results show that inversion modulates activity in face-selective and 

object-selective cortical regions, often in opposite ways, suggesting that upright and 

upside-down faces engage different processing mechanisms. This assumption is in line 

with the proposed neurocognitive accounts of the N170 amplitude enhancement to face 

inversion, described above. However, apart from examining the activity modulation of 

the different cortical areas, a more fruitful approach to disentangle the neural mechanisms 

underlying the behavioral FIE might be to investigate how these areas are organized into 

functional networks, and to examine the dynamic reorganization of these networks in 

response to face inversion. In this respect, a recent study has shown that the different 

processing of upright an inverted faces involves changes in the connectivity patterns 

between face-selective and non-face-selective cortical areas as well as changes in the 

connectivity strength within the face-processing pathways (Matsuyoshi et al., 2015). 

While sensitivity to face inversion is indicative of configural processing, a more direct 

test of sensitivity to first-order relational properties in particularis the investigation of the 

effect of scrambling the face parts—that is, displacing the inner face features (eyes, nose 

and mouth) in a way that abolishes the global facial configuration. Scrambling has a 

profound effect on face processing as evidenced by behavioral measures. The so-called 

"face superiority effect" refers to the observation that the processing of face parts is 
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superior when they are arranged to form a global facial configuration than when their 

arrangement violates the first-order relational properties of the face (Homa, Haver, & 

Schwartz, 1976). Homa et al. (1976) demonstrated that the recognition of an isolated face 

part was better when they had previously been seen as a part of a veridical than a 

scrambled face. Scrambling also modulates the neural correlates of face processing. 

George et al. (1996) recorded ERPs evoked by intact veridical faces and scrambled ones. 

Scrambling was achieved by reversing the position of the eyes and nose and thus 

retaining the vertical symmetry of the face. The authors found that both the amplitude 

and the latency of the N170 were modulated by scrambling. In particular, the N170 was 

larger and peaked slightly later for scrambled than for intact faces. A similar increase in 

the latency of the VPP was also observed. The M170 has also been shown to be sensitive 

to the first-order relational properties of faces (Liu et al., 2002). In one experiment 

(Experiment 5 in Liu et al., 2002), participants passively viewed two types of face stimuli. 

One type consisted of faces in which the face parts (eyes, nose and mouth) were replaced 

by solid black ovals of the same size. Thus, these faces retained the first-order relational 

properties of a face but lacked veridical face parts and hence were referred to as 

"configuration" stimuli. The other type consisted of scrambled faces with intact face parts 

that were arranged in a way that violated the first-order relational properties of faces. 

These were referred to as "parts" stimuli. Liu et al. (2002) found a trend towards the 

M170 being larger to configuration than parts stimuli. In contrast, the earlier M100 

component was significantly larger for parts than for configuration stimuli. The authors 

concluded that global face configuration is more important in determining the M170 and 

face parts are more important in determining the M100 response (Liu et al., 2002, p. 914). 

Scrambling has also been shown to modulate the response of the FFA as well (Liu, 

Harris, & Kanwisher, 2010). Liu et al. (2010) found that the BOLD response in the FFA 

was reduced to scrambled relative to veridical faces. Interestingly, scrambling produced 

the same effect in the FFA for faces in which the face parts were replaced by black ovals 

in the corresponding locations (Liu et al., 2010). This suggests that the FFA is sensitive 

to the global configuration of face features even when no information is available about 

the features themselves. In contrast, the OFA and the face-selective pSTS region was 

sensitive only to the presence of face features irrespective of their configuration (Liu et 

al., 2010). 
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Taken together, the pieces of evidence reviewed above demonstrate that the neural 

correlates of face perception are sensitive to the first-order relational properties of the 

face. Importantly, these results do not allow the conclusion that the neural correlates in 

question are solely related to the processing of first-order relational properties. In fact, it 

has been argued that the FIE is the result of the break-down of holistic processing 

(reviewed in section 3.1.) or the increased difficulty in extracting the second-order 

relational properties from the input (reviewed in section 4.). In any case, the underlying 

mechanisms appear to be sensitive to the first-order relational properties of a face, which 

is also reflected in the neural correlates of face processing. 

The studies reviewed so far relied mostly on the ERP technique, fMRI or TMS—all 

common methods in cognitive neuroscience. However, as I have already mentioned in 

section 1.1., useful inferences can be drawn concerning the neural representation of faces 

in general and first-order relational properties in particular from purely behavioral 

measures by investigating face aftereffects. 

 

2.3. The nature of face aftereffects 

 

Research on face aftereffects has identified several image manipulations to which 

aftereffects appear to be tolerant. Significant face distortion aftereffect (Zhao & Chubb, 

2001) and face identity aftereffect (Anderson & Wilson, 2005; Leopold et al., 2001; 

Pimperton, Pellicano, Jeffery, & Rhodes, 2009) can be obtained despite substantial 

differences in image size between the adapting and test faces. These results are consistent 

with the observation that the FFA and OFA adapt (i.e., show a reduction in the BOLD 

response) to the repetition of the same face even if the size of the face is changed at each 

presentation (Andrews & Ewbank, 2004). Nevertheless, it should be noted that face 

aftereffects are usually of smaller magnitude when the adapting and test faces differ in 

size (e.g. Zhao & Chubb, 2001), which suggests that besides neuronal populations that 

represent faces in a largely size-invariant manner, the adaptation of neurons involved in 

low-level visual processing also contribute to face aftereffects. 

In addition to image size, face aftereffects also tolerate remarkable differences in the 

orientation and the retinal position of the adapting and test stimuli. The face distortion 
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aftereffect transfers between adapting and test faces that are rotated in the picture plane 

45 degrees away from the vertical orientation in opposite directions (Watson & Clifford, 

2003; see also Rhodes et al., 2003). Regarding retinal position, Leopold et al. (2001) 

found that the FIE transfers between spatial positions that are 6 visual degrees apart. 

Similarly, Fang & He (2005) observed a face viewpoint aftereffect —adaptation to a face 

rotated in one direction caused the test face to appear rotated in the opposite direction—

even though the positions of the adapting and test faces were randomly jittered within a 

predefined region of the visual field on a trial-by-trial basis. In fact, significant albeit 

reduced face aftereffects can be observed even if the adapting and test faces are presented 

in opposite visual hemifields, suggesting that face aftereffects are not entirely position-

invariant (Afraz & Cavanagh, 2008; Kovács, Zimmer, Harza, & Vidnyánszky, 2007). 

Accordingly, adaptation in the right FFA generalizes across faces presented in opposite 

visual hemifields, whereas adaptation in the right OFA does not (Kovács, Cziraki, 

Vidnyánszky, Schweinberger, & Greenlee, 2008). The extent to which the face 

aftereffect involves the adaptation of lower or higher level face processing areas probably 

depends on several factors such as the duration of the adaptation period (Kovács et al., 

2007; 2009) or the specific type of face aftereffect investigated (for a review, see Zimmer  

& Kovács, 2011).  

Taken together, the above results imply that face aftereffects reflect the adaptation of 

higher level face processing areas. In section 2.2. I concluded that the cortical areas 

involved in face processing are sensitive to manipulations that alter the processing of 

first-order relational properties, such as inversion and scrambling. Surprisingly, however, 

the available evidence is mixed regarding whether face aftereffects are sensitive to such 

manipulations. 

 

2.4. The role of first-order relational properties in face aftereffects 

 

The aftereffects observed with upright adapting and test faces were comparable in 

magnitude to those obtained with both the adapting and test faces turned upside-down 

when investigating adaptation to facial distortion (Watson & Clifford, 2003; Webster & 

MacLin, 1999), face identity (Guo, Oruç, & Barton, 2009; Leopold et al., 2001, but 

seeRhodes, Evangelista, & Jeffery, 2009 for a different result) and gender (Watson & 
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Clifford, 2006). Webster & MacLin (1999) concluded that “there is not a conventional 

inversion effect for the figural aftereffects” (p. 651), suggesting that whereas face 

recognition drops with inversion, face aftereffects do not. However, they also observed 

that face aftereffects where weaker when the adapting and test faces had opposite 

orientations (adapting face upright and test face inverted, or vice versa) when compared 

to the face aftereffects obtained with both faces being upright or upside-down (Webster 

& MacLin, 1999). Furthermore, several studies have observed an asymmetry in the 

transfer of face aftereffects between adapting and test stimuli that are of opposite 

orientations. On the one hand, face aftereffects transfer quite well when the adapting face 

is upright and the test face is inverted (Guo et al., 2009; Watson & Clifford, 2003; 2006). 

On the other hand, however, when the adapting face is inverted and the test face is 

upright, face aftereffects are substantially reduced (Watson & Clifford, 2003; 2006) or 

even absent (Guo et al., 2009).  

One explanation for this asymmetry comes from Watson and Clifford (2003; 2006), who 

assumed that adaptation to upright and inverted faces tap into different processing 

mechanisms. According to this account, prolonged exposure to upright faces results in 

the adaptation of face-specific configural/holistic processing mechanisms and 

nonspecific object-processing mechanisms. As a result, face aftereffects can be observed 

with both upright faces (presumably mediated by face-specific mechanisms) and inverted 

faces (presumably mediated by nonspecific object-processing mechanisms). Exposure to 

inverted faces, however, would adapt only the nonspecific mechanisms, and since the 

upright test face is processed by the unadapted configural/holistic face-processing 

mechanism, no aftereffect is observed. In line with this proposal, Susilo, McKone, & 

Edwards (2010) observed that adapting to the letter „T” biases the perception of eye 

height in the test face to the same extent as adapting to face when the stimuli are inverted. 

Susilo et al. (2010) concluded that inverted face aftereffects derive solely from the 

adaptation of a shape-generic mechanism. In the case of upright faces, this eye height 

aftereffect only showed a partial transfer from Ts to faces, suggesting that upright face 

aftereffects reflect the adaptation of both shape-generic and face-specific mechanisms 

(Susilo et al., 2010). 

This explanation is in line with the results reviewed in section 2.2. showing that upright 

and inverted faces engage different cortical processing mechanisms. Nevertheless, it is 

not clear why upright faces would adapt face-specific and nonspecific mechanisms alike 
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(see for example Fig 3A in Watson & Clifford, 2006). In fact, if we conceive the 

nonspecific object-processing mechanisms as those involved in the part-based processing 

of faces (e.g.  Watson & Clifford, 2006), this processing mechanism is often assumed to 

be suppressed when an upright face is processed holistically (for details, see section 3.). 

Turning now to the effect of scrambling the face parts on face aftereffects, it has been 

shown that scrambled adapting faces do not bias the perceived identity of intact test faces, 

suggesting that first-order relational properties are necessary for the generation of face 

identity aftereffects (Pichler, Dosani, Oruç, & Barton, 2012). Surprisingly, scrambled 

adapting faces also failed to induce face identity aftereffects when the adapting and test 

faces were turned upside-down (Pichler et al., 2012). This indicates that aftereffects in 

the perception of inverted faces also require intact first-order relational properties, and 

do not depend solely on the adaptation of part-based mechanisms, contrary to previous 

assumptions (see above). To complicate things further, another study found that 

aftereffects in the perception of emotional facial expressions can be evoked with 

scrambled adapting faces as well (Butler, Oruc, Fox, & Barton, 2008). This does not 

mean, however, that facial expression aftereffects reflect solely the adaptation of part-

based face representations, since schematic faces consisting of lines, curves and circles 

can also evoke such aftereffects if the elements are arranged to form the first-order 

relational properties of a face (Butler et al., 2008). However, even in this case, systematic 

stimulus manipulations are required to investigate whether the aftereffect originates from 

a high-level visual processing stage. As a matter of fact, it has been shown that the facial 

expression aftereffect evoked by such schematic faces is largely position-dependent, 

suggesting that the underlying mechanism involves low-level adaptation to local image 

features (e.g. curves) which then propagates up the cortical hierarchy and affects high-

level face representations (Xu, Dayan, Lipkin, & Qian, 2008). 

 

2.5. Interim summary and Research question #1 

 

Inverting the face or scrambling its constituent parts have a profound effect on face 

perception and recognition. This effect is also evident in the modulation of the neural 

correlates of face processing by the aforementioned stimulus manipulations. These 

observations underline the role of first-order relational properties—the basic 
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configuration shared by all human faces—in face processing. face aftereffects 

demonstrate that face perception is not only determined by the currently viewed stimulus 

but also depends on the context in which the face appears. These aftereffects are largely 

invariant to several image properties such as retinal size or position, suggesting that they 

reflect the adaptation of high-level visual cortical processing sites. However, evidence is 

mixed regarding whether these aftereffects are sensitive to image manipulations such as 

inversion of scrambling. Hence, it is unclear whether the neural substrates of face 

aftereffects encode the first-order relational properties of the face. One way to investigate 

this issue is to examine the perceptual consequences of adaptation to stimuli that retain 

the first-order relational properties of the face while lacking veridical face parts. This 

brings us to the first research question addressed in this thesis: 

 

Research question #1: Can high-level face aftereffects be evoked by stimuli that lack 

veridical face parts but retain the first-order relational properties of the face? 

This research question was investigated in Study #1 - Face distortion aftereffects evoked 

by featureless first-order stimulus configurations (section 8.1.). 

 

3. Holistic processing 

 

When a face-like configuration is detected, the human visual system processes faces 

holistically—that is, as an integrated whole or “Gestalt”, rather than as a collection of 

separate face parts (Maurer et al., 2002; Tanaka & Gordon, 2011). In other words, face 

parts are not represented independently, but are integrated into a single perceptual 

representation (Rossion, 2013). In the following sections, I am going to review the 

behavioral and neural evidence supporting the notion that faces are processed holistically. 

I also examine the available evidence suggesting that faces and body parts are integrated 

into a unified perceptual representation that underlies holistic person perception. Finally, 

I will consider the neural correlates of this integrative process. 
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3.1. Holistic face processing 

 

One well-known behavioral marker of holistic face processing is the “part-whole effect” 

in face recognition (Tanaka & Farah, 1993). Tanaka and Farah (1993) showed that in a 

2-alternative forced choice task, participants were better at recognizing individual face 

parts when they were presented in the context of the whole face than when they were 

presented in isolation, even though the whole face was the same for the target and the 

foil and thus contained no more cues for discrimination than the isolated face parts. The 

same advantage of identifying the part in the context of the whole, however, was not 

observed for scrambled or inverted faces or for houses. These results suggest that rather 

than the face parts being represented independently of one another, upright faces are 

represented as an integrated whole. This holistic face representation presumably contains 

information about face parts as well as about configuration, since the beneficial effect of 

the surrounding whole face context is reduced if the configuration of the face is altered 

between study and test (Tanaka & Sengco, 1997). 

The so-called „composite face effect” (Young, Hellawell, & Hay, 1987) provides further 

evidence for this holistic face processing. Young et al. (1987) noticed that when the upper 

and lower face halves of two highly familiar faces (celebrities) are aligned, the resulting 

composite face creates the impression of a new, unfamiliar face. The authors showed that 

participants were slower in identifying the celebrities from the upper or lower face halves 

of these composite faces than from non-composite faces in which the upper or lower face 

halves were misaligned (Young et al., 1987). This suggests that when first-order 

relational properties are detected (i.e., in the aligned condition), the upper and lower face 

halves are fused together into a Gestalt, which makes it difficult to process the face parts 

independently of one another. In contrast, inverting the stimuli reversed this effect—that 

is, identifying the face halves became easier in the composite than in the non-composite 

faces (Young et al., 1987), suggesting that holistic processing is confined to upright faces. 

While Young et al. (1987) used highly familiar faces, Hole (1994), using a matching task 

instead of a recognition paradigm, demonstrated that a composite face effect can be 

obtained with unfamiliar faces as well, suggesting that this effect is of perceptual rather 

than mnemonic origin. Since then, the composite face effect has been investigated mainly 

by employing a delayed matching-to-sample paradigm (for a review, see Rossion, 2013). 
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In such studies, identical top halves of two serially presented composite faces are often 

perceived as different when the bottom halves differ, whereas the misalignment of the 

face halves abolishes the effect (Rossion, 2013; Figure 5.). 

These results provide evidence for the holistic processing of faces, but what are the neural 

correlates of this mechanism? Schiltz and Rossion (2006) investigated the neural locus 

of the composite face effect in a repetition suppression (RS) paradigm and observed that, 

when compared to the repetition of identical composite faces, the subsequent presentation 

of composite faces with identical upper but different lower face halves evokes a larger 

response in the FFA and in the OFA. This release of adaptation, however, was not found 

when the face halves were misaligned or when the faces were inverted. This suggests that 

face-selective visual cortical areas represent face identity in a way that they combine 

information from the upper and lower face halves. The authors replicated this effect in 

the right FFA in a later study (Schiltz, Dricot, Goebel, & Rossion, 2010), and showed 

that the change in the lower face half resulted in the perception of the identical upper face 

halves as being different, but only when the face halves where aligned. This indicates 

that face-selective cortical areas, and the right FFA in particular, underlie the composite 

face effect and probably represent faces holistically. 

Investigating the amplitude modulation of the N170 in a similar RS paradigm 

corroborated these findings. When compared to the repetition of identical composite 

faces, the successive presentation of composite faces with identical upper but different 

lower face halves evoked a larger N170 over the right hemisphere (Jacques & Rossion, 

2009; Kuefner, Jacques, Prieto, & Rossion, 2010), however, the misalignment of the face 

halves eliminated this difference (Jacques & Rossion, 2009). Thus, a holistic 

representation of individual faces seems to be active already in the time window of the 

N170. 

Figure 5. Despite being identical, the upper face halves are perceived as different 
when they are aligned with the lower face halves of different face identities (Rossion, 
2013, p. 3). Misaligning the lower face halves—or covering them—reveals the identity 
of the upper face halves. 



32   

 

Altogether these results indicate that the visual system integrates different face parts into 

a single representation—that is, processes faces holistically. Recent observations 

suggest, however, that not only face parts, but the face and other non-face body parts are 

integrated into a common representation as well. 

 

3.2. The integrated processing of faces and body parts—holistic person 

processing 

 

If, similarly to face parts, the face and the body are fused together in a Gestalt, a 

remarkable difficulty should be expected when the face has to be processed 

independently of the body in face-body composite images, at least as long as the face and 

the body are positioned in a way that corresponds to a biologically plausible whole-body 

configuration. In other words, one would expect to see a composite effect in the 

processing of faces in face-body composites, similarly to the composite face effect. 

Recent results show that people are faster and more accurate in categorizing emotional 

facial expression in whole-body images when the emotion conveyed by the face and the 

body are congruent, as opposed to when they are incongruent (Meeren, van Heijnsbergen, 

& de Gelder, 2005; Van den Stock, Righart, & De Gelder, 2007). Furthermore, the 

detrimental effect of the task-irrelevant bodily expression depends on the ambiguity of 

the facial expression, with the bias induced by the bodily expression being more 

pronounced when the facial expression is ambiguous as opposed to when it is clear (Van 

den Stock et al., 2007). In one study, incongruent facial and bodily expressions hampered 

sad-fearful but not sad-happy discrimination of facial expressions (Mondloch, 2012). As 

sadness and fear differ in arousal (fear is more intense than sadness) but not in valence 

(i.e. they are both negative emotions) whereas sadness and happiness differ in both 

dimensions, this result suggests that congruency effects depend on the similarities 

between the displayed emotions as well (Mondloch, 2012). Not only perceived facial 

expression, but also the processing of face identity depends on the congruency between 

the emotion conveyed by the face and the body (Van den Stock & de Gelder, 2014), 

suggesting interdependent processing of emotional expression and identity (see section 

5. for an elaboration on this topic). 
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Thus, these results suggest that face processing is influenced by the information 

conveyed by the body. However, it is possible that in these cases, the observed 

performance decrement in face processing tasks are the result of a contextual bias (cf. 

Aviezer et al., 2008). In other words, the emotional expression of the body, for example, 

creates a context in which the emotional expression of the face is interpreted. However, 

if the observed effects are truly the result of holistic face-body processing, then breaking 

the Gestalt should diminish or eliminate the effect of the body on face processing, 

similarly to how misalignment eliminates the composite face effect. In Mondloch’s 

(2012) study, misaligning the face and the body (i.e., detaching the head from the rest of 

the body) decreased the effect of the incongruent bodily expression on facial expression 

discrimination. Aviezer et al. (2012) demonstrated that when the bodily expression has a 

strong influence on perceived facial expression, performance in the congruent expression 

trials is better when the face and the body are aligned than when they are misaligned. 

When the face and the body were misaligned but connected (i.e., the head was attached 

to the shoulder), bodily expression had a significant albeit weak effect on the perceived 

facial expression. Furthermore, the effect of misalignment did not depend on the distance 

between the face and the body. In contrast to congruent trials, misalignment facilitated 

performance in the incongruent trials. Thus, the bodily expression did not simply act as 

context, but its effect depended on the presence of a veridical whole-body configuration. 

The authors concluded that when the face and the body are presented in an ecologically 

valid form, they are processed as a single perceptual unit, resulting in a “composite 

person effect” similar to the composite face effect, which provides evidence for holistic 

person processing (Aviezer et al., 2012). 
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The studies reviewed so far emphasized one aspect of holistic processing, namely that 

when faces or the whole body is processed holistically, it is difficult to process the 

constituent parts independently of one another. This is evident in the composite face 

effect and the composite person effect as well. Another consequence of holistic 

processing is that the whole takes properties—emergent features—which none of the 

constituent parts possess (for a review, seeWagemans et al., 2012). Creating composite 

faces from the upper and lower face halves of highly familiar individuals may result in 

the perception of a novel, unfamiliar facial configuration (Young et al., 1987). When 

large parts of the body are occluded, as often is the case in everyday situations, we are 

nevertheless aware that the isolated body parts belong to the same individual (Kessler& 

Miellet, 2013). Thus, when different body parts, such as a face and two hands are 

presented simultaneously in a veridical postural configuration, not only the isolated body 

parts are perceived, but they tend to form a coherent percept of a human body form 

(Figure 6.). Recent results suggest that in the case of a partially occluded body, isolated 

body parts are perceived as a coherent percept—a "body Gestalt"—by filling in the 

discontinuities in the visual input using one's own body schema (Kessler& Miellet, 

2013). 

 

 

 

 

Figure 6. While both 
images display the 
same face and body 
parts, only the 
configuration on the 
left allows the 
perception of a 
coherent whole 
body form or 
’Gestalt’. 
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3.3. The neural correlates of integrated face-body processing 

 

Similarly to the visual cortical areas related to the category-specific processing of faces 

(reviewed in section 1.1.), several brain regions have been identified that respond 

preferentially to the sight of bodies, including the extrastriate body area (EBA) in the 

lateral occipitotemporal cortex (Downing,  Jiang,  Shuman, & Kanwisher,  2001) and the 

fusiform body area (FBA) in the fusiform gyrus in the vicinity of the FFA (Peelen & 

Downing, 2005; Schwarzlose, Baker, & Kanwisher, 2005; for reviews, seeMinnebusch 

& Daum, 2009;Peelen & Downing, 2007). While the majority of the studies so far 

investigated how faces or bodies are represented in the respective category-selective 

cortical regions, the locus of integrated face-body processing is less clear and has only 

been addressed in a handful of recent investigations.  

To examine which cortical areas are involved in the integration of information conveyed 

by the face and the body, Schmalzl, Zopf, and Williams (2012) investigated RS in 

response to the repetition of whole-body images. The authors found that regions of the 

extrastriate cortex and fusiform gyrus show RS as a result of the repeated presentation of 

the same whole-body image. In other conditions, the whole-body image was preceded by 

another image in which either the face or the body or both belonged to a different 

individual. Crucially, in certain extrastriate and fusiform regions, the magnitude of RS in 

the condition where the same whole-body image was repeated was larger than the sum 

of RS effects obtained in all the other conditions. Thus, these areas showed selective 

adaptation to whole individuals that could not be explained by the sum of the adaptation 

to the different constituent parts of the image (Schmalzl et al., 2012). This superadditive 

adaptation to whole-body images is in line with the concept of holistic person processing, 

namely that the representation of the individual as a whole cannot be derived from the 

sum of its parts. In agreement with the notion that an ecologically valid configuration is 

a prerequisite for the integration of information from different body parts, a more recent 

study has provided evidence for a competitive interaction (i.e., reduced activation in 

response to simultaneous as compared to sequentially presented stimuli) in the FFA and 

FBA between a face and a body when the body was above but not when it was below the 

face (Bernstein, Oron, Sadeh, & Yovel, 2014). The lack of competition in the case of a 

veridical face-body configuration was interpreted as indicating that fusiform regions 
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represent a face above a body as an integrated person, while a body above a face is 

represented as two separate objects (Bernstein et al., 2014). As no such effect was 

observed in the OFA and EBA, these results suggest that it is fusiform rather than 

extrastriate regions that integrate information from the face and the body. Accordingly, 

in another study the response of the FFA to images in which the face was presented above 

the body was larger than to scrambled images in which the location of the face and the 

body were reversed (Song, Luo, Li, Xu, & Liu, 2013). Importantly, a synthetic pattern of 

the BOLD response that was obtained by averaging the responses of the right FFA to 

faces and bodies presented in isolation was more similar to the pattern observed in 

response to scrambled than veridical whole-body images. In other words, the response of 

the right FFA to whole-body images is a nonlinear combination of the responses to faces 

and bodies presented isolation, showing that the right FFA represents individuals 

holistically. On the contrary, however, another study found that the activation pattern in 

the fusiform gyrus can be modelled by the linear combination of the response patterns to 

isolated faces and bodies, suggesting a part-based rather than holistic representation of 

individuals in this region (Kaiser, Strnad, Seidl, Kastner, & Peelen, 2014). Why the 

reason for this discrepancy in the findings is unclear, as Bernstein et al. (2014) note, one 

important difference between the two studies is the lack of scrambled face-body images 

in Kaiser et al. (2014) as a control condition to which the whole-body response pattern 

could be compared. Thus, while the low number of studies and the above mentioned 

discrepancy limit the scope of conclusions that can be drawn and warrant for further 

investigation, the above results raise the possibility that the fusiform cortex and the FFA 

in particular is involved in the representation of individuals as a whole.  

With regard to the time course of holistic person processing, one study provided evidence 

for the amplitude modulation of the P1 as a function of the congruency between the 

emotion conveyed by the face and the body (Meeren et al., 2005). In particular, the 

authors have shown that the amplitude of the P1 is larger when the face and the body 

display similar emotions compared to when the emotions are different. However, Meeren 

et al. did not test whether this effect is contextual in nature, or whether the P1 reflects the 

integration of the face and the body, in which case it would be expected to be sensitive 

to misalignment or the scrambling of the position of the face and the body. Moreover, 

the results of a later MEG study revealed an inversion-related enhancement of the P1 

amplitude to faces as well as to faceless bodies, however, the cortical sources of this 
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inversion effect largely differed between the two categories, suggesting that the early 

processing of faces and bodies, as reflected in the P1, involves separate neocortical 

regions (Meeren, Hadjikhani, Ahlfors, Hamalainen, & de Gelder, 2008). 

Regarding the N170, one study observed that turning faceless bodies upside-down lead 

to an enhancement of the N170 amplitude that was similar in magnitude to that obtained 

when faces were inverted, whereas the inversion of objects did not modulate the N170 

amplitude (Stekelenburg& de Gelder, 2004). As the inversion effect is commonly 

assumed to index configural processing (see section 2.2.), and this effect was similar in 

the case of faces and bodies, it is possible that the N170 reflects the operation of similar 

configural processing mechanisms engaged in the encoding of faces and bodies. 

However, whereas Stekelenburg and de Gelder (2004) used bodies with the faces 

masked, Minnebusch, Suchan, & Daum (2009) demonstrated that the inversion of 

headless bodies yield the exact opposite pattern—that is, it decreases the amplitude of 

the N170. This lead the authors to conclude that the mechanisms involved in face 

processing are at least partially dissociable from those engaged in body processing 

(Minnebusch et al., 2009). In line with this assumption, several later studies demonstrated 

that the processing of faces and bodies diverge in the time window of the N170. In fact, 

the EBA has been suggested as a likely source of the body-evoked N170. One MEG 

study estimated the source of the M2, an MEG component that peaks around 190 ms after 

the onset of body stimuli, in the vicinity of the EBA (Ishizu, Amemiya, Yumoto, & 

Kojima, 2010). In line with this result, an early body-selective response of the local field 

potential has been recorded intracranially that started around 190 ms after stimulus onset 

over a cortical region corresponding to the location of the EBA (Pourtois, Peelen, 

Spinelli, Seeck, & Vuilleumier, 2007). Furthermore, the EBA and the N170 in response 

to bodies show remarkably similar functional characteristics. In particular, in the EBA, 

the selectivity of the BOLD signal to bodies has been shown to increase linearly as more 

and more parts of the body become visible (Taylor, Wiggett, & Downing, 2007). The 

amplitude of the body-evoked N170 shows a strikingly similar pattern of selectivity 

(Taylor, Roberts, Downing, & Thierry, 2010). Finally, applying TMS to the EBA 

interferes with the discrimination of bodies but not faces or objects (Pitcher, Charles, 

Devlin, Walsh, & Duchaine, 2009), and enhances the N170 and the VPP evoked by 

bodies but not faces (Sadeh et al., 2011). TMS to the OFA, on the other hand, has the 

opposite effect, resulting in impaired face but not body or object discrimination (Pitcher 
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et al., 2009) and increased N170/VPP amplitude to faces but not bodies (Sadeh et al., 

2011). Taken together, these results suggest that the N170 evoked by faces and bodies 

mostly reflect the activity of distinct neocortical areas. In addition, several studies have 

observed a temporal dissociation in the early processing of faces and bodies. Specifically, 

these studies observed that the N170 (Thierry et al., 2006) and the M170 (Ishizu et al., 

2010) peaks around 20 milliseconds later for bodies than faces. Accordingly, the “N190” 

response has been suggested as a marker of the cortical mechanisms engaged in the 

category-specific processing of bodies (Thierry et al., 2006).  

Relatively few studies have investigated the P2 component, the first positive peak 

following the N170 over the posterior parietal and occipito-temporal recording sites, in 

relation to the processing of faces and bodies. One study found similar inversion effects 

on the P2 amplitude for these categories—that is, turning faces or bodies upside-down 

enhanced the P2 (Soria Bauser, Schriewer, & Suchan, 2014). However, in the same study, 

misalignment increased P2 amplitude for faces but had no effect in the case of bodies 

(Soria Bauser et al., 2014). In another study, displacing face parts reduced the amplitude 

of the P2 while displacing the limbs of the body did had no significant on the component 

(Gliga & Dehaene-Lambertz, 2005).  

The above electrophysiological studies suggest that largely distinct mechanisms are 

involved in the early processing of faces and bodies. However, the majority of the studies 

cited above used isolated faces and either headless bodies (e.g. Gliga & Dehaene-

Lambertz, 2005; Ishizu et al., 2010; Sadeh et al., 2010) or bodies with the face masked 

(e.g. Stekelenburg & de Gelder, 2004, Minnebusch et al., 2009). The study by Meeren et 

al. (2005), where whole-body images with fully visible faces were presented, had no 

condition in which the Gestalt was broken by misalignment, for example, to test for 

holistic processing. Hence these results do not refute the possibility of early-face body 

integration.  
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3.4. Interim summary and Research question #2 

 

The composite person effect provides evidence for holistic person processing—that is, 

the integration of the face and the body in a single representation. The handful of 

available functional imaging studies imply that this integrated processing might be 

localized to the fusiform gyrus. However, to date, electrophysiological evidence for 

integrated face-body processing is scarce. This leads us to the second research question 

addressed in this thesis: 

 

Research question #2: What are the event-related potential correlates of the integrated 

processing of the face and non-face body parts? 

 

This research question was addressed in Study #2 - The electrophysiological correlates 

of integrated face and body-part perception (section 8.2.). 

 

4. Processing second-order relational properties 

 

Second-order relational properties refer to the spatial relations between face parts that 

show subtle variations among individual faces (Diamond & Carey, 1986). Whereas face 

parts form a configuration that is shared by all faces, commonly referred to as first-order 

relational properties (see section 2. for a discussion), the exact spacing between the face 

parts, which are referred to as second-order relational properties, vary from face to face. 

In this framework, the term ‘face part’ refers to the large nameable parts of the face, such 

as the eyes, nose and mouth (McKone & Yovel, 2009). Hence, sensitivity to second-

order relational properties is usually operationalized as the effect of spatial 

manipulations, such as altering the distance between the eyes or the distance between the 

nose and the mouth, on face individuation and recognition performance (Maurer et al., 

2002). In the following pages, I will discuss the importance of second-order relational 
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properties in face perception and recognition and summarize the available evidence 

regarding the neural correlates of processing these properties.  

 

4.1. The importance of second-order relational properties in face processing 

 

Humans have the ability to detect very subtle changes in second-order relational 

properties. In Haig’s (1984) experiment, after familiarization with a set of faces, 

participants had to decide whether the subsequently presented faces were original or they 

had been altered in some way. According to Haig’s results, participants were strikingly 

good at detecting the vertical displacement of the eyes, nose or mouth, even if the 

magnitude of the displacement was close to the limits of visual acuity (Haig, 1984). 

While these results demonstrate the remarkable sensitivity of the human visual system to 

the spatial relations of face parts, and are often cited to underscore the importance of 

second-order relational properties in face processing, they do not necessarily mean that 

the encoding of these properties is crucial for face processing mechanisms to proceed (cf. 

Hole & Bourne, 2010, p. 39.). What is remarkable is not our sensitivity to second-order 

relations, but how much this sensitivity decreases when the face is turned upside-down. 

As a matter of fact, several studies have demonstrated that face inversion disrupts the 

perception of second-order relations to a greater extent than the perception of face parts 

(e.g. Barton, Keenan, & Bass, 2001; Freire, Lee, & Symons, 2000; Leder & Bruce, 1998; 

Leder & Carbon, 2006; Rhodes, Brake, & Atkinson, 1993; Searcy & Bartlett, 1996). For 

example, detecting changes the spacing between the eyes and mouth of previously 

learned faces is deteriorated more by inversion than the detection of changes in features 

such as facial hair (Rhodes et al., 1993). Similarly, inversion affects the detection of 

differences in the mouth or eye position among simultaneously presented faces more than 

differences in eye color (Barton et al., 2001). Faces with distorted second-order relational 

properties are perceived less grotesque (Searcy & Bartlett, 1996) or distinctive (Leder & 

Bruce, 1998) when turned upside-down, whereas inversion has a smaller effect (Leder & 

Bruce, 1998) or no effect at all (Searcy & Bartlett, 1996) on these ratings in the case of 

featurally altered faces.  

In section 2.2., we have seen that inversion hinders the recognition of faces substantially 

more than the recognition of objects, and that this disproportionate FIE is usually taken 
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as evidence for the uniqueness of the processing mechanisms that encode faces. 

Consequently, the above results suggest that these mechanisms are engaged in the 

encoding of second-order relational properties, and hence the FIE would be the result of 

the breakdown of these mechanisms when the face is turned upside-down. However, it 

is important to note two things in relation to this account. First, it has been argued that 

inversion does not disrupt the coding of second-order relational properties per se, but 

impairs the holistic processing of faces (Rossion, 2008; see section 3.1. for an overview). 

As second-order relational properties involve two or more distant face parts, their 

encoding depends on the ability to integrate face parts into a perceptual whole or Gestalt 

(Rossion, 2008). According to this proposal, the diminished sensitivity to changes in eye 

separation, for example, is simply the byproduct of the breakdown of holistic face 

processing when the face is turned upside-down.  

Second, how second-order relational properties are coded in the holistic face 

representation is debated. While the above results demonstrate the sensitivity of encoding 

second-order relational properties to face inversion, in several cases, inversion effects for 

the perception of part changes have been observed as well (for reviews, see Mckone & 

Yovel, 2009; Yovel, 2009). For example, in Leder and Carbon’s (2006) study, the 

recognition of faces that differed in their spatial relations was affected by inversion to a 

greater extent than the recognition of faces that differed in face parts, such as their eyes, 

noses or mouths, even though a significant inversion effect was obtained in the latter case 

as well. At the same time, no FIE was observed with faces that differed only in the color 

of their face parts. In their systematic review of 22 published studies relevant to this topic, 

McKone and Yovel (2009) conclude that one of the key factors that determine the 

magnitude of the inversion effect for the perception of face parts is how differences in 

face parts are defined. According to the authors, when these differences are defined 

exclusively in terms of shape, inversion effects of similar magnitude can be obtained for 

the perception of face parts and second-order relational properties. However, the effect 

of inversion is weaker when face part changes are defined in terms of brightness or color. 

This suggests that the shape of face parts and the spacing among them are integrated in 

a holistic representation for upright faces (McKone & Yovel, 2009). 
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4.2. The neural correlates of processing second-order relational properties 

 

If second-order relations are an integral part of the holistic face representation, than the 

cortical areas related to holistic face processing – in particular, the FFA (see section 3.1. 

for a review) – should be sensitive to these properties. In Yovel and Kanwisher’s (2004) 

study, the participants’ task was to discriminate between pairs of faces and houses. The 

members of each face and house pair could differ either in their constituent parts (e.g. 

eyes or windows) or the distance between those parts (e.g. the spacing between the eyes 

or the windows). The BOLD response in the LOC was larger in the part-based than in 

the spacing task, although this effect was not specific to faces, as the same pattern was 

observed for houses as well. The response in the FFA was much higher for faces than for 

houses, however, it did not show any difference between the part-based and spacing 

tasks. Moreover, inversion reduced the FFA response to faces in the part-based and 

spacing task equally. This led the authors to conclude that the mechanisms involved in 

face processing are domain-specific but not process-specific—that is, the human face 

processing system is not specialized to the processing of second-order relational 

properties to a greater extent than to the processing of face parts (Yovel & Kanwisher, 

2004). Since the part manipulations employed in this study affected mainly the shape of 

the face parts, this assumption resonates well with the concept that part shape and spacing 

information are integrated in the holistic representation of faces (McKone & Yovel, 

2009).  
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However, this study was later criticized for using spacing variations that were unnaturally 

large when considering real faces, and also for restricting the analysis on the FFA 

(Maurer et al., 2007). In their study investigating the neural correlates of processing 

second-order relational properties, Maurer et al. (2007) used a set of faces in which face 

part and spacing differences remain within the natural boundaries – the so-called “Jane 

stimuli” (Le Grand, Mondloch, Maurer, & Brent, 2001). Participants had to discriminate 

Jane’s sisters (Figure 7.) who differed from one another in their face parts or in the 

position of the face parts. Activity in a right hemisphere fusiform region adjacent to but 

not overlapping with the FFA was larger in the spacing than in the part-based task. A 

similar difference was observed in regions of the left posterior fusiform gyrus, the inferior 

parietal cortex, and the right prefrontal cortex. In contrast, those regions that responded 

Figure 7. The so-called ’Jane stimuli’. Jane is shown on the left side of each panel 
along with her sisters differing from one another in the spacing between the facial 
features (A), the features themselves (B), or the external contour of the face (C) 
(Mondloch, Le Grand, & Maurer, 2002, p. 557). 
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more to the part-based than the spacing task were localized to the left hemisphere, and 

included the regions of the left prefrontal, middle temporal and posterior cingulate cortex. 

Thus, these results show that the coding of face parts and spacing involve largely separate 

cortical structures. According to Maurer et al. (2007), a region adjacent to the FFA 

represent face identity on the basis of second-order relational properties, and this region 

is part of a more extended cortical network involving the right prefrontal cortex (Maurer 

et al., 2007).  

One possible explanation for the fact that the activity of the FFA did not differ between 

the part-based and spacing tasks is that the FFA contains two intermixed neuronal 

subpopulations of approximately the same size that are sensitive either to the physical 

properties of face parts or the spacing between the face parts (cf. Rhodes, Michie, 

Hughes, & Byatt, 2009). Given that the BOLD signal reflects the summed activity of 

both neural populations, it is possible that no signal modulation is observed at the voxel 

level when contrasting face part and spacing manipulations. As already described in 

section 1.1., RS is a useful method to investigate the functional properties of neurons at 

the sub-voxel level, and thus can provide further insight into the cortical processing of 

second-order relational properties. If neurons are sensitive to second-order relational 

properties, then their responses should be higher to successively presented faces that 

differ in the spacing between the face parts when compared to the repetition of the same 

unchanged face. In other words, changes in second-order relational properties should lead 

to a release of adaptation in the given cortical area. In one study, such a change evoked 

a larger response only in the intraparietal sulcus, but not in the FFA (Rotshtein, Geng, 

Driver, & Dolan, 2007). On the contrary, a change in the face parts resulted in a release 

of adaptation in the lateral occipital sulcus and the right fusiform gyrus, in a region 

overlapping with the face-selective cluster (Rotshtein et al., 2007). Thus, the FFA showed 

sensitivity to face parts but not their spacing. Interestingly, however, when taking into 

account the individual differences, the authors found a relationship between FFA activity 

and the perceptual sensitivity to second-order relational properties. In particular, they 

observed a positive relationship between the FFA activity increase to alterations of 

spacing and the extent to which such alterations resulted in a perceived change of face 

identity in a separate task outside the scanner. A similar brain-behavior relationship was 

observed in the inferior occipital gyrus bilaterally (Rotshtein et al., 2007). This suggests 

that individuals differ in the extent to which they rely on second-order relational 
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properties in face individuation, and that such differences are related to the activity of the 

FFA. Besides, Rhodes et al. (2009) argued that the failure to observe an overall release 

of adaptation in the FFA to spacing changes was due to the task used in that study. 

Specifically, Rothstein et al. (2007) required participants to make face/no face 

discriminations when scanned, which probably focused their attention on first-order 

rather than second-order relational properties, as the latter are uninformative to face 

detection. In a later study using a passive viewing paradigm, Rhodes et al. (2009) 

demonstrated that the response of the FFA is larger when face images with varying 

spacing information are presented successively, when compared to the repetition of the 

same unchanged face. This release of adaptation was smaller when the faces were 

presented upside-down. In addition, a similar release of adaptation was observed to face 

images depicting different identities. Moreover, the right OFA showed similar release of 

adaptation effects when spacing or face identity was varied between the successively 

presented face images. In short, both the FFA and the OFA demonstrated sensitivity to 

second-order relational properties. However, in one study, applying TMS to the OFA 

interfered with the ability to discriminate faces on the basis of face parts but not second-

order relations (Pitcher, Walsh, Yovel, & Duchaine, 2007). Hence it is possible that while 

the OFA is sensitive to the spacing differences between faces as evidenced by fMRI, it 

does not play a causal role in the ability to perceive second-order relational properties 

(cf. Rhodes et al., 2009). 

By and large, the results of these studies suggest the involvement of the fusiform cortical 

regions, probably including the FFA, in the processing of second-order relational 

properties. While the available results suggest that the processing of part shape and 

spacing do not necessarily dissociate in this region, more systematic investigation is 

needed to examine the possible integration of these two types of information in the 

fusiform cortex. Besides, further studies are required to investigate what kind of spacing 

information is represented in the fusiform cortex. For example, one study has shown that 

the effect of face inversion on the activity of the right FFA predicts the inversion-related 

decrement of accuracy in the discrimination of vertical (eye height) but not horizontal 

(eye spacing) second-order relations (Goffaux, Rossion, Sorger, Schiltz, & Goebel, 

2009). In contrast, the neural inversion effect in the left FFA was related to the slowdown 

of discriminating horizontal but not vertical relations (Goffaux et al., 2009). Finally, it 

remains to be investigated to what extent cortical areas outside the face-selective regions 
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of the ventral occipito-temporal cortex are involved in the processing of second-order 

relational properties. In this regard, a recent study has shown that the TMS of the right 

middle frontal gyrus (BA44) interfered with the processing of second-order relations but 

not face parts in a face matching task, whereas the stimulation of the left middle frontal 

gyrus (BA8) selectively affected to processing of face parts (Renzi et al., 2013). This is 

in accordance with the previously reviewed findings Maurer et al. (2007) showing that a 

task requiring judgements about the spacing of facial features selectively activates the 

right prefrontal cortex. 

Relatively few studies have investigated the time course of processing second-order 

relational properties, and their results are often contradictory. In Scott and Nelson’s 

(2006) study, altering the position of the eyes and mouth elicited a larger N170 over the 

right hemisphere than replacing the face parts. The opposite pattern was observed over 

the left hemisphere, with face part changes evoking larger N170 than spacing 

manipulations. Thus, these results suggest that the N170 is sensitive to second-order 

relational properties and further show the difference in the hemispheric lateralization of 

part-based and configural processing. However, in another study, when participants had 

to discriminate pairs of faces (Jane’s sisters), neither the differences in face parts nor 

second-order relational properties affected the N170 to the second stimulus in the face 

pair (Mercure, Dick, & Johnson, 2008). Again, no modulation of the N170 was observed 

when participants were instructed to focus either on the differences in face parts or 

spacing. The P1 showed a similar pattern, being insensitive to face part or spacing 

manipulations. At the same time the P2 was of larger amplitude to spacing than face part 

manipulations. Based on previous results, Mercure et al. (2008) suggested that the 

enhancement of the P2 probably reflects increased feedback activity in visual cortical 

areas in response to stimulus configurations for which the participants have substantial 

expertise. As of the P1 and N170, the authors concluded that these components are 

probably more sensitive to manipulations that affect the first-order relational properties 

of a face than to those affecting second-order relational properties (Mercure et al., 2008). 

With regard to the discrepancy between these results and those of Scott and Nelson 

(2006), Mercure and her colleagues proposed that the former study might have used 

configuration manipulations that exceeded the natural variability of face part distances 

within human faces, whereas the Jane stimuli were designed to remain within the natural 

boundaries. 
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Nonetheless, ample evidence points to the sensitivity of the N170 to differences in face 

identity. In particular, several studies have demonstrated that the N170 shows RS to the 

repeated presentation of a face—that is, the N170 to a face preceded by the same identity 

face is lower in amplitude when compared to a face preceded by a different identity face 

(e.g. Caharel, d’Arripe, Ramon, Jacques, & Rossion, 2009; Campanella et al., 2000; 

Guillaume & Tiberghien, 2001; Heisz, Watter, & Shedden, 2006a; 2006b; Itier  & Taylor, 

2002; Jacques, d'Arripe, & Rossion, 2007). This effect can be observed despite 

differences in the spatial position (Heisz et al., 2006a; 2006b), size (Jacques et al., 2007), 

or viewpoint (Caharel et al., 2009; Caharel, Jacques, d'Arripe, Ramon, & Rossion, 2011; 

but see Ewbank, Smith, Hancock, & Andrews, 2008 for a different result regarding the 

M170) of the subsequently presented faces, suggesting that it reflects the adaptation of 

high-level visual cortical areas sensitive to differences in identity rather than the mere 

physical differences between the face images. Inversion, on the other hand, diminishes 

(Heisz et al., 2006a; Jacques et al., 2007) and delays (Jacques et al., 2007) the RS of the 

N170 to face identity, again indicating the role of cortical areas engaged in face-specific 

processing (reviewed in section 2.2.). Taken together, these results suggest that the 

human face processing system individuates faces already in the time window of the N170 

(Rossion & Jacques, 2011). These studies used images depicting the faces of different 

individuals, unlike studies using the Jane stimuli, in which face pairs differ either in face 

parts or spacing (e.g. Mercure et al., 2008). Therefore it is not possible to determine 

whether face individuation in the time course of the N170 is based on face parts, the 

spatial interrelationship between face parts, or both. However, based on the fact that 

individual faces differ in the spacing among their face parts, and that such differences 

affect whether two successive faces are perceived as the same or different individuals 

(Rotshtein et al., 2007), it is possible that the representation of face identity in the time 

window of the N170 contains information about second-order relational properties. 

Why, then, no significant reduction in the N170 amplitude was observed when a Jane 

face was preceded by the exact same face than when it was preceded by a face with a 

different spacing in the study by Mercure et al. (2008)? Rossion and Jacques (2011) 

argued that one of the key factors necessary for a strong N170 RS effect is the long 

duration of the first (adapting) stimulus (e.g. ~3000 ms in Jacques et al., 2007). Such 

long-term adaptation has also been shown to evoke a robust and category-specific RS of 

the N170 and induce aftereffects in the perceived gender of test faces (Kovács et al., 
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2006). Accordingly, it is possible that the relatively short presentation time of the 

adapting stimulus (700 ms) in Mercure et al. (2008) was too short to induce RS of the 

N170 to the repeated presentation of the same face. 

 

4.3. The effect of geometric distortions on face recognition 

 

Inversion disrupts the recognition of faces to a greater extent than the recognition of other 

visual object classes (reviewed in section 2.2.). This disproportional FIE is widely taken 

as evidence for the uniqueness of faces in terms of the mechanisms involved in their 

processing. In section 4.1. I reviewed the available evidence suggesting that inversion 

disproportionately diminishes sensitivity to small differences in the spatial 

interrelationship between face parts (e.g. eye distance) when compared to differences in 

the face parts themselves (e.g. eye color). This suggests that the mechanisms underlying 

face recognition are tuned to the processing of second-order relational properties. 

However, the special role of these properties in face recognition have been challenged 

by observations related the paradoxical effect of several image manipulations. 

Specifically, in one study, transformations such as shearing, vertical or horizontal 

stretching had little or no effect on the speed and accuracy of recognizing famous faces 

(Hole, George, Eaves, & Rasek, 2002). This is quite surprising, as for example vertical 

stretching disrupts several absolute (e.g. nose length) as well as ratio distances (e.g. the 

ratio of nose length and interpupillary distance) of the face. And yet the only 

manipulation that hindered face recognition was inversion, which does not alter the 

spacing of face parts but only the orientation of the image with respect to the observer 

(Hole et al., 2002). Hole and colleagues also investigated the type of information used 

by participants to recognize stretched faces. They observed that blurring, which degrades 

the detailed information conveyed by face parts while leaving facial configuration 

relatively unaffected (Collishaw & Hole, 2002), did not deteriorate the recognition of 

stretched faces more than the recognition of veridical ones, suggesting that participants 

still used information about face configuration when recognizing stretched faces. On the 

other hand, recognition performance declined when stretching was confined to a 

subregion (either the top or the bottom half) of the face while leaving the rest undistorted, 

indicating that participants recognize faces on the basis of global facial configuration 
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(Hole et al., 2002). Taken together, these results suggest that face recognition is unlikely 

to be based on simple measurements of the distances between face parts. Hole and 

colleagues considered three possible explanations for the robustness of face recognition 

with respect to geometric distortions. First, it is possible that the visual system applies 

certain transformations to the stored face representation to match the input. Obviously, 

this would only work for familiar faces which already have a stored representation in 

long-term memory. A second possibility is that the inverse transformation is applied to 

the input to recover the original, undistorted face image. This would work with unfamiliar 

faces as well, as it only requires knowledge about the natural range of variations in the 

spatial interrelationship between face parts, but no specific representation of the 

individual in long-term memory. Finally, it is possible that the face processing system 

uses information that is unaffected by the above distortions. For example, in the case of 

vertical stretching, the ratios of horizontal distances (e.g. the ratio of interpupillary 

distance and head width) remain the same as in the original, undistorted image (Hole et 

al., 2002). This would imply that individual faces are not represented on the basis of 

simple distances between face parts but rather that face individuation is based on 

configural information incorporating more complex ratio measurements such as the one 

described above. Whereas images of famous faces were used in these investigations, 

unpublished data from the same research group suggests that the recognition of 

unfamiliar faces is also unaffected by the stretching of face images (Hole & Bourne, 

2011, p. 42.). 

 

4.4. Interim summary and Research question #3 

 

Second-order relational properties refer to the spatial interrelationship between face parts 

that varies subtly among faces. Processing second-order relational properties is usually 

operationalized as the sensitivity to changes in the spacing between face parts, such as 

interocular distance. Sensitivity to these properties is especially vulnerable to face 

inversion when compared to our sensitivity to face part manipulations. This suggests that 

the extraction of the metric distances between face parts is an important step in face-

specific processing. This assumption is in line with observations regarding the sensitivity 

of fusiform cortical areas to the spacing between face parts. On the other hand, face 
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recognition is surprisingly robust to certain image transformations, such as shearing, 

vertical or horizontal stretching, that play havoc with the spatial position of face parts 

relative to each other. One possible explanation for this is that faces are individuated on 

the basis of more complex distance ratios that are immune to such distortions. Whereas 

evidence is mixed regarding the sensitivity of the N170 to spacing differences, recent 

results suggest that face individuation occurs in the time window of the N170. However, 

it is unclear whether the face representation active in this time window is invariant to 

transformations that alter second-order relational properties such as shearing or 

stretching. This leads us to the third research question addressed in this thesis: 

 

Research question #3: Is the N170 sensitive to image transformations altering the second-

order relational properties of faces? 

 

This research question was addressed in Study #3 - Altering second-order configurations 

reduces the adaptation effects on early face-sensitive event-related potential components 

(section 8.3.). 

 

5. Processing invariant and changeable facial properties 

 

As we have seen in the previous chapters, configural face processing involves the 

encoding of the basic configuration that all human faces share (first-order relational 

properties) and the processing of the subtle differences in the spatial interrelationship 

between face parts (second-order relational properties). These invariant facial properties 

are important for face detection (perceiving a stimulus as a face), individuation 

(perceiving the uniqueness of a previously unseen face) and recognition (identifying a 

person from the face). These properties can be distinguished from the more dynamic, 

changeable aspects of faces, such as eye gaze, emotional expression, and facial speech 

cues that are of key importance with regard to verbal and nonverbal communication. A 

common denominator of the most influential neurocognitive models of face processing 

is that they assume separate routes for the encoding of invariant and changeable facial 
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properties. Therefore these models proposed separate neural systems for processing face 

identity and expression. This assumption can be made on purely theoretical grounds. 

Indeed, adaptive social interaction with peers requires the ability to recognize a familiar 

face irrespective of its current facial expression, as well as the ability to recognize the 

emotional expression of a face that has never been seen before (cf. Gobbini & Haxby, 

2011). Importantly, however, this does not mean that configural processing is limited to 

the recognition of face identity, but that identity and expression recognition depend on 

separate neural mechanisms. As we will see in this chapter, empirical evidence indeed 

suggests that the analysis of face identity and expression involve different neural 

structures. However, based on evidence from studies investigating RS and adaptation 

aftereffects, I am going to argue that a complete separation of the visual pathways 

involved in the processing of these properties is rather unlikely. 

 

5.1. The classic view of processing face identity and expression 

 

Probably the most influential cognitive model of face recognition is that of Bruce and 

Young (1986). Based on evidence from a wide range of studies including psychophysical 

experiments, the investigation of everyday errors in face recognition, and investigations 

of patients with brain damage, Bruce and Young proposed a “boxes and arrows” model 

consisting of several processing modules (“boxes”) and conversion or recoding of 

information between the modules (“arrows”). According to the model, the so-called 

structural encoding module is assumed to construct a set of representations of the 

currently viewed face. On the one hand, it constructs viewpoint-specific representations 

that are used by other processing modules to analyze facial speech and facial expression. 

On the other hand, it also constructs a distinct set of more abstract, expression-

independent representations that are used for face recognition. This divergence was 

assumed mainly on the basis of neuropsychological studies showing that impairments of 

identity and expression recognition can dissociate from each other (Bruce & Young, 

1986). However, as we will see below, the idea of complete separation between identity 

and expression processing was revised two decades later in the light of new evidence 

(Calder & Young, 2005; Young & Bruce, 2011). 
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In section 1.1. we saw that several high-level visual cortical areas are involved in face 

processing, including the OFA, FFA, and fSTS. These cortical regions are assumed to be 

an integral part of the distributed neural systems for face perception (Gobbini & Haxby, 

2007; Haxby et al., 2000; Haxby & Gobbini, 2011). According to the model proposed by 

Haxby and colleagues, these areas form the Core system dedicated for the visual analysis 

of faces, whereas the so-called Extended system includes additional neural pathways to 

extract various types of additional information from faces, such as mental states, personal 

traits, or biographical knowledge about the person. Within the Core system, the analysis 

of facial identity and facial exression are assumed to involve different cortical regions. 

In particular, the OFA and the FFA are assumed to represent invariant facial properties 

necessary for face identification, whereas the STS is supposed to represent dynamic 

facial properties necessary for the recognition of facial gestures. On the one hand, this 

assumption was based on single-unit recordings from macaques showing that face-

responsive cells whose response varies as a function of face identity are located primarily 

in the inferior temporal gyrus, whereas neurons that respond differently to different facial 

expressions are mainly located in the STS (Hasselmo, Rolls, & Baylis, 1989). On the 

other hand, fMRI studies provided evidence for a similar dissociation in humans. When 

participants selectively attend to face identity in a series of faces, the BOLD response in 

the FFA and OFA are larger than when the participants attend to the direction of eye gaze 

(Hoffman & Haxby, 2000). On the contrary, selective attention to eye gaze evoked larger 

response in the STS and also in the intraparietal sulcus linked to spatial cognition, 

presumably reflecting a covert shift of attention in the direction of the eye gaze (Hoffman 

& Haxby, 2000). Attention to the emotional expression of faces also selectively recruited 

the right STS (Narumoto et al., 2001), with expression and eye gaze activating distinct 

but overlapping subregions of this area (Engell & Haxby, 2007).  

Taken together, these single-cell recording and functional imaging data support the 

notion of divergence in the processing of facial identity and emotional expression within 

the Core system, which is also in line with the separate functional routes proposed for 

the recognition of these properties in Bruce and Young’s (1986) classical model. 

However, in an influential review, Calder and Young (2005) argued that the available 

neuropsychological and neuroimaging evidence does not support the complete 

neurological dissociation of face identity and expression recognition. Moreover, they 

pointed out that results from image-based analysis (principle component analysis or 
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PCA, in particular) are rather consistent with a multidimensional framework in which 

some dimensions code facial identity, some code facial expression, while others code 

both. The authors concluded that although there is a certain degree of separation between 

the mechanisms involved in identity and expression recognition, this separation is 

relative rather than absolute (Calder & Young, 2005, p. 649.). In the next section, I am 

going to review evidence from studies investigating RS and adaptation aftereffects for 

face identity and expression in light of this proposal. 

 

5.2. Adaptation to face identity and expression 

 

We have already seen in section 1.1. that the repeated presentation of a face results in the 

attenuation of the neural response, a phenomenon termed repetition suppression (RS), 

which presumably reflects the adaptation of the underlying neurons. If RS is observed 

despite changing one attribute of the repeated face, such as identity or expression, it 

suggests that underlying neurons represent faces in a way that is invariant to that 

particular property. However, if the change eliminates RS or in other words, a release of 

adaptation is observed, it is likely that the underlying neuronal population is sensitive to 

that property, as partially or entirely different subpopulations encode the original and the 

changed face image with the latter activating a fresh, non-adapted subpopulation.  

Several functional imaging studies have examined RS to investigate whether face identity 

and expression are represented independently of one another in the human visual cortex. 

Winston, Henson, Fine-Goulden, and Dolan (2004) investigated the fMRI activation to 

two successively presented faces that were exactly the same or differed in identity, 

expression, or both. Repeating the identity of the facesresulted in a reduced response in 

the fusiform cortex and the pSTS. Repetition of facial expression, however, resulted in 

RS in a more anterior STS region (mid-STS), but not in the fusiform cortex. Repetition 

of identity had no effect in this region. This suggests that distinct brain regions are 

involved in the representation of face identity and expression, in accordance with the 

distributed model proposed by Haxby and colleagues.  

However, a handful of other studies observed less distinct activation patterns when 

contrasting identity and expression processing. In one of these (Ganel, Valyear, Goshen-
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Gottstein, & Goodale, 2005), participants had to classify a series of faces along one 

dimension (identity or expression) while ignoring the irrelevant dimension (expression 

or identity, respectively). In some blocks, the task-irrelevant dimension was held 

constant, while in others, faces varied along the irrelevant dimension as well. In the latter 

case the response of the FFA was larger than when the task-irrelevant dimension was 

held constant. This effect was observed regardless of whether the task-irrelevant faces 

varied in identity or expression. In other words, the FFA was sensitive to variations in 

identity and expression as well, suggesting the joint processing of these properties (Ganel 

et al., 2005; for similar results, seeKadosh, Henson, Kadosh, Johnson, & Dick, 2010). 

Similarly, in a later study, changes in identity and expression resulted in a release of 

adaptation in the FFA, even though the physical similarity between the different 

expressions of the same identity face was carefully matched (Xu & Biederman, 2010). 

Moreover, the responses of the FFA and pSTS are larger to face pairs that are perceived 

as different identities than to those perceived as the same, even when the physical 

differences between face pairs were equivalent in the two cases (Fox, Moon, Iaria, & 

Barton, 2009). Increased response in these regions was also observed for face pairs that 

were perceived as displaying different facial expressions when compared to those 

expressing the same expression, again indicating an overlap in the processing of 

expression and identity (Fox et al., 2009). Nevertheless, this study also revealed cortical 

areas that were uniquely sensitive to either identity or expression. In particular, the 

precuneus showed a release of adaptation for identity only, and the mid-STS for 

expression only, replicating the findings of Winston et al. (2004) described above. By 

and large, these results show that the processing of face identity and expression involves 

distinct as well as overlapping cortical structures, and hence suggest that there is no 

complete separation between the processes involved in the perception of invariant and 

changeable aspects of faces.  

Results from studies investigating face adaptation aftereffects are consistent with this 

notion. We have already seen in section 1.1. that prolonged exposure to an adapting face 

can lead to an aftereffect in the perception of a subsequently presented test face. Among 

others, adaptation to a face expressing a particular emotional expression can bias the 

perceived expression of a subsequent face away from the expression of the adapting face 

(e.g. Webster et al., 2004). In connection to the joint processing of facial expression and 

identity, it has been shown that reduced albeit significant expression aftereffects can be 
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observed when the identities of the adapting and test faces are the different compared to 

when they are the same (Benton, 2009; Campbell & Burke, 2009; Ellamil, Susskind, & 

Anderson, 2008; Fox & Barton, 2007; Pell & Richards, 2013; Skinner & Benton, 2012). 

This suggests that there are at least two neural representations of facial expression: one 

that is specific to the individual (hence the reduction in the magnitude of the aftereffect 

in the case of different identities) and a more abstract identity-invariant representation 

that underlies the transfer of the expression aftereffect between different identities (Fox 

& Barton, 2007). Interestingly, the face identity aftereffect is not modulated by the 

dissimilarity of the emotional expression conveyed by the adapting and test faces (Fox, 

Oruç, & Barton, 2008; Mian & Mondloch, 2012).  This suggests that while there are both 

identity-dependent and identity-invariant neural representations for facial expression, the 

representation of face identity is largely expression-invariant (Fox et al., 2008).  

What are the electrophysiological correlates of the joint processing of face identity and 

expression? In section 4.2., based on the results of several RS studies, I concluded that 

the N170 reflects the processing of face identity. So far the available evidence is mixed 

regarding the N170’s sensitivity to the emotional expression of the face, with significant 

modulation of the N170 by facial expressions in some studies (e.g. Campanella, Quinet, 

Bruyer, Crommelinck, & Guerit, 2002; Luo, Feng, He, Wang, & Luo, 2010), but not in 

others (e.g. Ashley, Vuilleumier, & Swick, 2004; Eimer & Holmes, 2002; for recent 

reviews, seeRellecke, Sommer, & Schacht, 2013; Rossion & Jacques, 2011). To my 

knowledge, however, no study so far has conducted a systematic investigation of whether 

the N170 shows a release of adaptation when either face identity or emotional expression 

is changed in the same experimental paradigm, similarly to the functional imaging studies 

reviewed above. Nevertheless, as we will see in section 5.4., the RS approach has been 

adopted recently to study the expression-invariance of another electrophysiological 

correlate of face individuation, the steady-state visual-evoked potential. 

 

5.3. Orientation and viewpoint invariance in the neural representation of face 

identity 

 

Besides emotional expression, fMRI studies have also investigated whether the 

representation of face identity in the human visual cortex is invariant to another 
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changeable aspect, the orientation of the face in three-dimensional space. In the following 

paragraphs I will refer to the orientation of the face in 3-D space as “viewpoint”, whereas 

the orientation of the face in the 2D picture-plane will be referred to as “orientation”.  

In Andrews and Ewbank’s (2004) study, participants viewed either the repeated 

presentation of the same unfamiliar face or a series of different faces presented one after 

the other, in separate blocks. The authors observed a reduction in the activation of the 

FFA in the same identity block relative to the block in which different faces were 

presented. This RS effect, however, was absent when the subsequently presented faces 

differed in viewpoint and/or emotional expression. In a later study, the authors replicated 

this result, this time with faces that differed solely in viewpoint (Ewbank & Andrews, 

2008). However, when familiar faces were used, the authors observed RS in the same 

identity relative to the different identity blocks despite viewpoint changes (Ewbank & 

Andrews, 2008). All in all, this suggests that at least for unfamiliar faces, the neural 

representation of face identity in the fusiform cortex is viewpoint-centered (i.e. depends 

on the viewpoint of the face) and not object-centered (i.e. not based on a 3D model of the 

face). This assumption is corroborated by the finding that after long-term adaptation to a 

face, the BOLD signal evoked by a subsequently presented test face in the right FFA and 

right STS increases as a function of the angular difference in viewpoint between the 

adapting and test faces (Fang, Murray, & He, 2007). However, these results do not rule 

out the possibility that there is some generalization across viewpoints in the FFA. As a 

matter of fact, in one study, the FFA showed a release of adaptation in response to a 

viewpoint change of 20 degrees (Xu, Yue, Lescroart, Biederman, & Kim, 2009), whereas 

in another study, no release of adaptation was observed using a similar experimental 

design when the viewpoint change was only 13 degrees (Xu  & Biederman, 2010). This 

suggests that the face representation in the FFA might generalize across relatively small 

viewpoint differences.  

Moreover, substantial viewpoint invariance in the neural representation of unfamiliar 

faces in visual cortical areas outside the FFA has been observed as well. In particular, in 

a series of experiments, a reduced fMRI response was observed to the second 

presentation of a face relative to the first one in a region of the medial fusiform gyrus that 

was not face-selective and did not show an overlap with the FFA (Pourtois, Schwartz, 

Seghier, Lazeyras, & Vuilleumier, 2005a; 2005b; Pourtois, Schwartz, Spiridon, 

Martuzzi, & Vuilleumier, 2009). This RS effect persisted even if the viewpoint of the 
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face differed between the first and the second presentation (Pourtois et al., 2005a; 2005b; 

2009). In the FFA, however, RS was observed only if the face retained its original 

viewpoint upon the second presentation (Pourtois et al., 2005a; 2005b; 2009). Pourtois 

et al. (2005a) concluded that viewpoint-invariant and viewpoint-centered representations 

of faces exist in the fusiform cortex and that face identity is represented in a viewpoint-

centered manner in the functionally defined face-selective areas of the human visual 

cortex.  

This assumption is in line with the observation that a broad area of the ventral temporal 

cortex, including regions that fall beyond the boundaries of the traditionally defined face-

selective areas, is required to discriminate the neural activation patterns evoked by 

different face identities across viewpoint changes (Natu et al., 2010). It is also in 

accordance with the finding that face viewpoint can be decoded from the activation 

pattern of the OFA, FFA, and STS as well (Axelrod & Yovel, 2012). However, relative 

to the OFA, the activation patterns evoked by mirror-symmetric views in the FFA are 

more similar to each other, suggesting a gradual emergence of viewpoint-invariance 

along the posterior-anterior axis of the occipito-temporal cortex (Axelrod & Yovel, 

2012). Indeed, relative to the occipito-temporal cortex, a much smaller portion of the 

anterior temporal lobe is required to achieve the same level of accuracy in classifying the 

neural activation patterns evoked by different face identities across viewpoint changes 

(Anzellotti, Fairhall, & Caramazza, 2013). A hierarchical organization of viewpoint-

specific and viewpoint-invariant representations has been observed in the macaque face-

processing system as well. Using fMRI, Freiwald and Tsao (2010) identified six face-

selective regions in the macaque temporal lobe and investigated how face identity is 

represented in these patches with electrophysiological recordings. The face-selective 

cells located in two middle patches (ML and MF) showed view-specific responses. In the 

anterior face patch AL, almost half of the neurons showed selectivity for facial identity 

in their responses and demonstrated partial viewpoint-invariance by generalizing their 

responses across mirror-symmetric views. Finally, almost complete viewpoint-

invariance of identity-selective responses was observed in the anterior face patch AM, 

even though the animals had no prior experience with the faces presented to them. 

The notion that viewpoint-centered as well as viewpoint-invariant neural representations 

of face identity exist in high-level visual cortex is consistent with the findings of studies 

investigating the viewpoint-sensitivity of face adaptation aftereffects. Both the 
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magnitude of the face distortion aftereffect (Jeffery, Rhodes, & Busey, 2006; 2007) and 

the face identity aftereffect (Benton, Jennings, & Chatting, 2006; Jiang, Blanz, & 

O'Toole, 2006; 2007; 2009) have been shown to decrease when the adapting and test 

faces are of different viewpoints compared to when they are presented in the same 

viewpoint. The same pattern is observed when low-level retinotopic adaptation is 

controlled by floating the adapting face around the fixation spot (Benton et al., 2006). 

This suggests that the reduction of face aftereffects is not merely the consequence of the 

physical dissimilarity of the face images with different viewpoints, and that viewpoint-

specific face aftereffects are the result of high-level rather than low-level adaptation 

(Benton et al., 2006). Thus, these results imply the high-level viewpoint-specific coding 

of face identity, and the FFA in particular as a potential locus of the aftereffects (Benton 

et al., 2006). However, these studies also demonstrated a significant albeit diminished 

aftereffect with adapting and test faces presented in different viewpoints (Benton et al., 

2006; Jeffery et al., 2006; 2007; Jiang et al., 2006; 2007; 2009), even if the difference 

was as large as 90 degrees (Benton et al., 2006). The transfer of face aftereffects between 

different viewpoints suggests that viewpoint-independent mechanisms are likely to be 

involved as well. 

We have already seen in section 4.2. that the N170 shows RS to the repeated presentation 

of a face. Does this effect generalize across different viewpoints? According to the results 

of two recent studies, it does, as the amplitude of the component over the right 

hemisphere is smaller to an unfamiliar face preceded by the same identity than a different 

identity face, even if there is a viewpoint difference of 30 degrees between the two faces 

(Caharel et al., 2009; 2011). However, Caharel et al. (2009) noted that this N170 RS 

effect was less substantial, as it was confined to the right hemisphere only, whereas in 

previous studies, where there was no viewpoint difference between the adapting and test 

faces, the RS effect was bilateral (e.g. Jacques et al., 2007). It is possible that prior 

exposure to a face adapts both viewpoint-specific as well as viewpoint-invariant face 

representations, with only the latter being activated by a test face that is rotated in depth, 

resulting in an overall decrease of the RS effect compared to an unrotated test face. 

Interestingly, the RS of the M170 does not show a generalization across different 

viewpoints, not even for rotations below 10 degrees (Ewbank et al., 2008). However, it 

is possible that the short duration of the adapting face (400 ms) and the long inter-

stimulus interval (1100 ms) was not insufficient to evoke a robust adaptation effect that 
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generalizes across viewpoints (Caharel et al., 2009; see section 4.2. for an overview of 

this issue). 

Taken together, the above results indicate that both viewpoint-specific and viewpoint-

invariant representations of face identity exist in high-level visual cortical areas. It is also 

likely that viewpoint-invariance gradually emerges in the neural representation of faces 

along the posterior-anterior axis of the occipito-temporal cortex. When compared to the 

investigation on viewpoint-dependence, relatively few studies have investigated the 

sensitivity of face processing to the orientation of the face in the 2D picture plane. A 

fundamental difference between three-dimensional and two-dimensional rotation is that 

only the former affects the amount of information in the face that is available to the 

viewer (Hole & Bourne, 2010, p. 50). Regarding the latter, while there is a vast literature 

covering the effects of face inversion (reviewed in section 2.2.), studies investigating the 

effects of more subtle deviations from the upright orientation are relatively scarce. Some 

of these studies reported a linear decrease in face processing performance—accuracy 

and/or reaction times—as the face was gradually rotated away from the upright 

orientation (Bruyer, Galvez, & Prairial, 1993; Collishaw & Hole, 2002; Schwaninger & 

Mast, 2005; Sjoberg & Windes, 1992;Valentine & Bruce, 1988). However, substantial 

departures from linearity around a 90-degrees tilt has also been observed, especially in 

studies that intended to isolate configural processing (Jacques & Rossion, 2007; Martini, 

McKone, & Nakayama, 2006; McKone, Martini, & Nakayama, 2001; Mondloch& 

Maurer, 2008; Rossion & Boremanse, 2008). For example, McKone et al. (2001) 

examined identity processing while adding visual noise to the faces, reasoning that in 

noisy faces, any single local aspect of the face is insufficient to process identity, and 

hence participants have to rely on the spatial layout of features. First, the authors showed 

that in upright noisy faces, identity is perceived categorically. This means that when 

participants had to discriminate the identity of face pairs that lie along a morph continuum 

between two identities, discrimination was better for pairs that crossed the category 

boundary than for equidistant pairs that lied away from the boundary. Second, when 

gradually rotating the faces away from the upright orientation, the authors found that 

categorical perception survives rotation up to somewhere between 45 and 90 degrees but 

no more (McKone et al., 2001). This suggests that configural processing is tuned to 

upright faces. Similarly, when examining the orientation sensitivity of the composite face 

effect, a well-known marker of holistic face processing (reviewed in section 3.1.), 
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Rossion & Boremanse (2008) found that the effect remained strong until 60 degrees 

rotation and fell off drastically when faces were presented horizontally. The authors 

concluded that holistic face perception relies on an internal, experience-derived 

representation that is centered on the upright orientation (Rossion & Boremanse, 2008, 

p. 9). 

Electrophysiological studies revealed a similar orientation-tuning of the N170. The 

amplitude and latency of the N170 has been shown to increase linearly with rotation of 

the face in the picture plane up to about 90 degrees where a discontinuity can be observed 

(Jacques & Rossion, 2007; Jemel, Coutya, Langer, & Roy, 2009; Magnuski& Gola, 

2013; Montalan et al., 2013). This nonlinearity is specific to faces as it was absent in the 

case of houses (Jemel et al., 2009) or cars (Magnuski & Gola, 2013). Furthermore, the 

orientation-dependent amplitude modulation of the N170 was correlated with the 

concurrently measured behavioral performance in an identity discrimination task—

something which was absent in the earlier time window corresponding to the P1 (Jacques 

& Rossion, 2007). Likewise, the amplitude (Jemel et al., 2009) and latency (Jeffreys, 

1993) of the VPP also increases as the face is rotated away from the upright orientation, 

with a dip around 90 degrees. With regard to the latency increase, Jeffreys (1993) noted 

that learning might play an important role in the operation of the cortical sources of the 

component, as their response is fastest to the most commonly experienced face 

orientations. Regarding the cause of the amplitude increase, Magnuski & Gola (2013) 

suggested that as the stimulus becomes more atypical by rotation it activates larger neural 

populations due to properties that were not present in the original stimuli to which a sharp 

neural representation has been established. 

Taken together, the above results imply orientation-sensitivity in the processing of face 

identity. This assumption is in line with some of the electrophysiological evidence from 

monkeys. Some of the previous studies found that the activity of face-selective cells in 

the monkey temporal cortex are not modulated by the orientation of the face stimulus in 

the picture plane (Desimone, Albright, Gross, & Bruce, 1984; Perrett et al., 1982; 1985). 

However, orientation-sensitivity has been observed in the anterior portion of the inferior 

temporal cortex, as the responses of cells in this region were selective to a particular 

orientation in the fronto-parallel plane—most frequently to the upright—, and decreased 

as the face was rotated away from the preferred orientation (Tanaka, Saito, Fukada, & 

Moriya, 1991). Orientation-tuning has also been observed in relation to the activity of 
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cells in the anterior STS that responded selectively to the sight of the head and body 

(Ashbridge, Perrett, Oram, & Jellema, 2000). 

 

5.4. The steady-state visual-evoked potential as a marker of face individuation 

and its sensitivity to changeable facial properties 

 

By and large, the experimental evidence reviewed in the previous section suggests that 

the representation of face identity in high-level visual cortical areas is not completely 

independent of the more dynamic, changeable properties of the face. While this evidence 

stems mainly from fMRI and ERP studies, a more recently adopted approach regarding 

the issue of face identity processing is to investigate the so-called steady-state visual-

evoked potentials (SSVEPs). As we will see, SSVEPs are regarded as robust 

electrophysiological markers of face detection and individuation. 

In typical ERP paradigms—such as the ones I have reviewed so far—

electrophysiological responses to discrete events, such as the appearance of a face or 

other visual object, are recorded and analyzed. In these experiments, the stimuli are 

usually presented using relatively long and jittered interstimulus intervals that allow the 

extraction of ERP components that are time-locked to discrete events. A different 

approach is to present a train of stimuli periodically at a fixed rate. In this case, the 

amplitude and phase of the resulting electrophysiological response can be very stable 

over time. When evoked by periodic visual stimulation, such responses are commonly 

referred to as steady-state visual-evoked potentials (Regan, 1966; 2009). Although 

SSVEPs are commonly investigated using simple visual patterns, such as checkerboard 

pattern reversals (e.g. Capilla, Pazo-Alvarez, Darriba, Campo, & Gross, 2011), more 

recent research focused on SSVEPs elicited by complex visual stimuli, such as faces (for 

recent reviews, seeNorcia, Appelbaum, Ales, Cottereau, & Rossion, 2015; Rossion, 

2014). 

SSVEPs can be identified by extracting the frequency spectrum of the EEG in the time 

window corresponding to the stimulus train. For example, Ales et al. (2012) presented 

phase-randomized images of a face to participants at a rate of six images per second. The 

analysis of the EEG spectrum revealed a robust response at 6 Hz over the medial occipital 
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electrodes. When the visibility of the face was enhanced by progressively increasing the 

phase-coherence of every other image, a response at 3 Hz emerged which was most 

prominent over the right occipito-temporal recording sites (Ales et al., 2012; Liu-Shuang, 

Ales, Rossion, & Norcia, 2015). This 3-Hz response emerged abruptly at around 30-35% 

phase coherence and this threshold correlated with the concurrently measured perceptual 

threshold for face detection (Ales et al., 2012). These results suggest that the neural 

generators of the response underlie the perception of a stimulus as a face. 

Other observations suggest that the SSVEP is not only a marker of face detection, but an 

index face individuation as well. In the first study to use a RS paradigm in order to 

investigate the sensitivity of the SSVEP to face identity, Rossion and Boremanse (2011) 

presented faces at a constant rate (3.5 faces/second) to participants. This lead to a large 

oscillating electrical response that could be identified in the frequency spectrum of the 

EEG as a power peak at 3.5 Hz with a posterior scalp distribution. In different blocks, 

either the same identity face was repeated or different identity faces were presented in 

succession for 90 seconds. When compared to the different identity condition the 3.5 Hz 

response was much smaller in the same identity condition. This RS effect was localized 

to the occipito-temporal electrode sites and was more prominent over the right than the 

left hemisphere. Furthermore, the RS effect could be observed even when the size of the 

face images changed continuously throughout the stimulation block (Nemrodov, Jacques, 

& Rossion, 2015; Rossion & Boremanse, 2011; Rossion, Prieto, Boremanse, Kuefner, & 

Van Belle, 2012), suggesting that it was not due to low-level retinotopic adaptation. 

However, image manipulations that hinder face recognition, such as inversion (reviewed 

in section 2.2.) or contrast polarity reversal (Galper, 1970; Galper & Hochberg, 1971), 

have been shown to decrease the RS of the SSVEP to face identity (Rossion & 

Boremanse, 2011; Rossion et al., 2012). These observations suggest that the face-evoked 

SSVEP originates from high-level visual cortical areas that are involved in the 

individualization of faces. It has also been shown that adaptation to face identity, as 

reflected in the RS of the SSVEP, is confined to stimulation frequencies roughly in the 

3-9 Hz range, with a maximal RS effect at 5.88 Hz (Alonso-Prieto, Van Belle, Liu-

Shuang, Norcia, & Rossion, 2013). As the authors conclude, the fact that the optimal 

stimulation frequency is around 6 Hz implies that at least 170 ms (1000/6) is required for 

the face processing system to fully process the identity of a face. This assumption is in 

line with the finding that the identity-specific RS in the OFA, FFA, and STS, as measured 
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by fMRI, is characterized by similar frequency tuning with a maximal RS effect at 6 Hz 

(Gentile & Rossion, 2014). It is also in accordance with the observation that RS to face 

identity emerges in the time window of the N170—that is, around 170 ms after stimulus 

onset (for a review, see section 4.2.). 

Recently, the link between the SSVEP response and face individuation has been 

corroborated further by means of a periodic oddball stimulation paradigm (Liu-Shuang, 

Norcia, & Rossion, 2014; Dzhelyova & Rossion, 2014a). In this case, the same identity 

face is presented repeatedly at a fixed rate (5.88 Hz), however, the identity of the face is 

changed (oddball) on every fifth presentation (5.88/5 = 1.18 Hz). This yields a significant 

response—a SSVEP—at the oddball frequency and its harmonics over the right occipito-

temporal cortex. This response persists despite substantial variations in image size 

(Dzhelyova & Rossion, 2014a) and diminishes as a result of inversion or the reversal of 

contrast polarity (Liu-Shuang et al., 2014). A similar oddball response can be observed 

when the oddball face is defined in terms of either shape or surface cues (Dzhelyova & 

Rossion, 2014b). Interestingly, shape or surface changes produce much smaller responses 

than when both properties change, suggesting that shape and surface information 

combine nonlinearly in the representation of face identity (Dzhelyova& Rossion, 2014b). 

Nonlinearities have also been observed when examining the steady-state response to 

faces with face parts flickering at different frequencies (Boremanse, Norcia, & Rossion, 

2013; 2014). These nonlinear response components are sensitive to manipulations that 

affect the spatial relationship of face parts, such as misalignment or inversion, suggesting 

that they constitute an electrophysiological index of an integrated (holistic) face 

representation (Rossion, 2014). 

Taken together, the above observations suggest that the face-evoked SSVEP reflects face 

individuation in the right occipito-temporal cortex. However, whether the representation 

of face identity in the cortical areas that generate the SSVEP is independent of the more 

dynamic, changeable aspects of the face remains to be investigated. In this regard, a 

recent study has shown that neural adaptation to face identity, as reflected in the RS of 

the SSVEP, is reduced to emotional faces (Gerlicher, van Loon, Scholte, Lamme, & van 

der Leij, 2014). In particular, the authors observed a significant reduction of the SSVEP 

power for the same identity face relative to different identity faces only in the case of 

neutral facial expression, even though low-level retinotopic adaptation was controlled for 

by a continuous change in image size. In contrast, no significant RS effect was obtained 
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when the faces displayed happy or fearful expressions, or when their emotional 

expressions changed continuously throughout the stimulation sequence (Gerlicher et al., 

2014). However, the RS effect in the neutral condition emerged at posterior occipital 

electrodes in and around the midline of the scalp, which is quite different from the right 

lateralized RS effect observed at occipito-temporal recording sites in previous studies 

(e.g. Rossion & Boremanse, 2011; Rossion et al., 2014). Gerlicher et al. (2014) then used 

this occipital electrode cluster as a region of interest to investigate the effects of 

emotional expression on the identity-specific RS of the SSVEP. While the reason for this 

discrepancy is unclear, it might be related to the different stimulation frequencies used in 

these studies. Thus, while the results of Gerlicher et al. (2014) suggest that face 

individuation, as reflected in the SSVEP, is sensitive to the emotional expression of faces, 

the differences in the topographical distribution of the RS effects across studies raise the 

possibility that the SSVEP reflects multiple stages of face processing, which warrants 

further investigation. With regard to other dynamically changing aspects of the face such 

as viewpoint and orientation, to my knowledge, there has been no study that investigated 

whether the identity-specific RS of the SSVEP is invariant to these properties. 

 

5.5. Interim summary and Research question #4 

 

Traditional neurocognitive models of face processing assume distinct routes for the 

visual analysis of facial identity and expression. However, recent studies, mainly those 

investigating RS and perceptual aftereffects, provide evidence for interdependence in the 

neural representation of invariant and changeable facial properties in the high-level areas 

of the human visual cortex. It seems likely that multiple sites are involved in the 

representation of facial identity at different levels of abstraction. Whereas the SSVEP is 

regarded as a marker of high-level face individuation, the extent to which the neural 

generators of the SSVEP represent face identity independently of the more dynamic, 

changeable aspects of the face remains to be investigated. To this end, an obvious 

approach is to examine whether the identity-specific RS of the SSVEP is invariant to 

these properties. Thus, we come to the fourth and final research question addressed in 

this thesis: 
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Research question #4: Is neural adaptation to facial identity, as reflected in the repetition 

suppression of the steady-state visual-evoked potential, invariant to the changeable 

properties of the face? 

 

This research question was investigated in Study #4 - The face evoked steady-state visual 

potentials are sensitive to the orientation, viewpoint, expression and configuration of the 

stimuli (section 8.4.). 

 

6. Discussion 

 

Configural processing is assumed to be crucial for the detection, individuation, and 

recognition of faces as well as the processing of the whole body as an integrated 

perceptual unit or Gestalt. Here we used behavioral and electrophysiological measures to 

investigate the neural correlates of configural processing. Our results are the following. 

In Study #1 (Vakli, Németh, Zimmer, Schweinberger, & Kovács, 2012), we investigated 

whether high-level face aftereffects can be evoked by stimuli that lack veridical face parts 

but retain the first-order relational properties of the face. To this end, we used highly 

schematic adapting stimuli, and examined whether they affected the perception of the 

subsequently presented expanded or contracted face images. On the one hand, the 

adapting stimuli consisted of white dots placed in the position of the eyes and the mouth 

and were embedded in a grey oval. Thus, these stimuli had no constituent part that in 

itself could be interpreted as a feature of a typical human face. On the other hand, 

however, the arrangement of the constituent parts preserved the basic configuration of 

human faces—that is, the first-order relational properties. We observed a significant face 

distortion aftereffect after viewing such adapting stimuli. Furthermore, aface distortion 

aftereffect also emerged when the adapting and test images differed in size or when 

adapting stimuli with different contrast polarities were used. These results suggest that 

the adaptation of higher-level, non-retinotopic processing sites contributed significantly 

to the observed aftereffects. Replacing elements with blobs consisting of visual noise 

reduced the aftereffects, which might be the consequence of low saliency of the 

constituent parts of the adapting image in this condition. Moreover, the fact that we 
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observed no aftereffects when the adapting stimulus was turned upside-down indicates 

that the aftereffect taps into face-specific processing mechanisms. 

Two main conclusions can be drawn from the above observations. First, whereas the role 

of configural face processing in face aftereffects is debated, these results point to the 

involvement of cortical sites engaged in face-specific processing that are sensitive to the 

first-order relational properties of the face. This assumption is in line with observations 

showing that schematic faces activate the FFA (Tong et al., 2000), and that the FFA is 

sensitive to the disruption of first-order relational properties by scrambling (Liu et al., 

2010). It is also in accordance with findings showing that schematic faces evoke an N170 

that is comparable to veridical faces (Sagiv & Bentin, 2001), and that the N170 is 

sensitive to scrambling as well (George et al., 1996; Liu et al., 2002). Moreover, one 

study observed RS of the N170 with schematic face adaptors – the N170 evoked by 

naturalistic face images was lower in amplitude when the images were preceded by 

schematic faces relative to schematic houses (Eimer, Gosling, Nicholas, & Kiss, 2011). 

Taken together, these results suggest that face-specific processing mechanisms are 

engaged in the encoding of first-order relational properties and that the adaptation of 

these processing sites underlie face aftereffects. Obviously, the putative locus of face 

aftereffects evoked by schematic stimuli could be investigated by pairing the present 

behavioral paradigm with concurrent functional imaging measurements. 

It has been known for a long time that infants show a remarkably early preference for 

schematic face-like images that preserve the first-order relational properties of faces 

(Johnson et al., 1991). In their review of the developmental models of face processing, 

Pascalis and Kelly (2009) argue that early face processing abilities are “a conjunction of 

evolutionary inheritance, in utero learning, and rapid learning after birth.” (p. 206). In 

line with this argument, sensitivity to first-order relational properties probably has great 

adaptive significance, as it allows the detection of conspecifics. This capacity have strong 

fitness implications even in adulthood, as it might make it possible to rapidly detect the 

presence of fellow human beings even in poor visibility. Probably the operation of this 

mechanism explains many instances of pareidolia, the tendency to perceive faces in 

random visual patterns (see section 2.1.). Applying a crude template to the visual input 

for face detection might have another adaptive advantage as well. An obligatory detection 

stage can be cost-efficient inasmuch as it ensures that scarce resources for face 

recognition are used only if the stimulus has been identified as a face (Tsao & 
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Livingstone, 2008). According to Tsao and Livingstone (2008), the existence of such a 

processing stage might be the reason for the anatomical specialization of face processing 

in primates, as face-selective cells are more easily gated when clustered together than 

when they are scattered. 

Since the schematic adaptors in each experiment differed only in the distances between 

the constituent blobs, our results also suggest that the neural substrates of the face 

aftereffects encode the subtle variations in the spatial interrelationship between face 

parts—that is, second-order relational properties. The existence of visual aftereffects 

imply that perception is not only determined by the physical properties of the stimulus, 

but also by the perceptual history of the observer and hence the statistical regularities of 

the environment. Thus, our results suggest that the way we perceive second-order 

relational properties is also determined by the physical properties of faces we encounter 

in our everyday life. Subtle variations in the spatial interrelationship of face parts might 

be encoded relative to a norm or average face tuned by everyday experience. 

When the first-order relational properties of the face are detected, faces are processed 

holistically—that is, their constituent parts are integrated into a unified representation. A 

hallmark of this integrated processing is the composite face effect – the perception of one 

face half is biased by the task-irrelevant face half when the two halves are aligned and 

hence form a perceptual unit or Gestalt which makes it difficult to process the constituent 

parts in isolation. Recent studies have described a similar composite effect for whole-

body stimuli, suggesting that not only facial features, but also the face and other body 

parts are processed in an integrated manner. While the investigation of the composite 

face effect suggests that holistic face processing takes place in the time window of the 

N170, the time course of integrated face-body processing is less known. 

When different body parts are presented simultaneously in a veridical postural 

configuration, they tend to form a coherent percept of a human body form or a “body 

Gestalt”. This is an example of how the whole takes properties which none of the 

constituent parts possess – another hallmark of holistic processing. In Study #2 (Vakli, 

Németh, Zimmer, & Kovács, 2016), we recorded event-related potentials evoked by 

simultaneously presented faces and hands while the rest of the body was masked. The 

stimuli were presented in biologically plausible or unnatural configurations which either 

allowed or prevented the perception of a body Gestalt. When the hands were rotated to 
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obtain a biologically implausible configuration, a reduction of the P2 amplitude was 

observed relative to the condition in which the face and hands were retained in their 

veridical configuration and were supplemented with visual cues to highlight further the 

overall body posture. 

The above result suggests that the P2 reflects the operation of perceptual mechanisms 

responsible for the integrated processing of visually presented body parts. This 

complements previous findings showing that the P2 is sensitive to manipulations 

affecting facial configuration (e.g. Halit et al., 2000), and the assumption that it might 

reflect the holistic processing of faces (e.g. Stahl, Wiese, & Schweinberger, 2008). In 

this regard, it is likely that the holistic processing of faces starts as early as the onset of 

the N170 and continues in the time window of the P2. Whereas the processing of faces 

and bodies probably involve distinct cortical processing sites (see section 3.3. for a 

review), it is possible that later on in the time window of the P2, the integrated face 

representation is complemented with information from the rest of the body as well. This 

assumption is in line with the observation that the P2 shows the reactivation of the same 

cortical regions that were active during the N170 in response to face images (Latinus & 

Taylor, 2006). In the case of integrated face-body processing, this reactivation would 

involve the face-selective and body-selective visual cortical regions to yield a unified 

representation of the person as a whole. Thus, our results suggest that holistic face 

processing and the integrated processing of faces and body parts take place in distinct but 

overlapping time windows. This possibility could be investigated by obtaining 

concurrent behavioral measures of holistic face (such as the composite face effect) and 

person processing (the composite person effect), and correlating these measures with the 

amplitude modulation of the event-related potential at each time point after stimulus 

onset. This approach has been used to determine the latency range at which inversion 

affects the perceptual processing of faces (Jacques & Rossion, 2007). 

Results from studies investigating the RS of the N170 to repeated faces suggest that the 

N170 marks the time course in which faces are individuated. In turn, the results of 

behavioral studies suggest that the processing of face identity relies on information about 

the precise spatial interrelationship of facial features, such the interpupillary distance of 

the distance between the nose and the mouth, called second-order relational properties. 

However, results are mixed regarding whether the N170 is sensitive to manipulations 

affecting the second-order relational properties of a face. In Study #3 (Vakli, Németh, 
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Zimmer, Schweinberger, & Kovács, 2014),we investigated whether vertical stretching of 

the adapting face, which alters the spatial distance between face parts, affects the RS of 

the N170. We found that the prolonged viewing of veridical adaptor faces resulted in the 

reduction of the N170 amplitude evoked by the subsequently presented test faces when 

compared to a condition in which the a Fourier phase-randomized version of a face image 

was used as an adapting stimulus. In other words, we observed the RS of the N170 to 

face repetition. However, this RS effect, albeit being significant, was reduced in 

magnitude when vertically stretched adaptor faces were used. Therefore it is rather 

unlikely that the processing of individual faces in the time course of the N170 is based 

on complex configuration measurements or that an inverse transformation is applied to 

normalize the input (reviewed in section 4.5.). Instead, the representation of face identity 

in the latency range of the N170 probably contains information about the metric distances 

between facial features. This assumption is in accordance with the findings showing that 

the FFA is involved in the processing of second-order relational properties. 

The role of second-order relational properties in face processing is also among the core 

issues in clinical neuropsychological investigations. Previous studies have revealed 

reduced sensitivity to the spacing of internal facial features in patients with acquired 

prosopagnosia (Barton, 2008; Barton, Press, Keenan, & O’Connor, 2002, Joubert et al., 

2003). In several cases, however, comparable deficits can be observed in the processing 

of features in the eye region (Bukach, Grand, Kaiser, Bub, & Tanaka, 2008; Rossion, 

Kaiser, Bub, & Tanaka, 2009). It has been argued that these impairments have a common 

underlying cause—deficient holistic processing (Ramon & Rossion, 2010). Importantly, 

a recent study has shown that training developmental prosopagnosics—patients with 

severely impaired face recognition and no history of brain damage (Duchaine & 

Nakayama, 2006)—on a task requiring the classification of faces based on feature 

spacing (height of the mouth and the eyebrows) improved face discrimination 

performance and holistic face processing in these patients (DeGutis, Cohan, & 

Nakayama, 2014). Interestingly, in one patient, this training program resulted in the 

normalization of the face-selectivity of the N170 (DeGutis, Bentin, Robertson, & 

D'Esposito, 2007). Taken together, these results suggest that remedial training 

approaches can utilize tasks that focus on the spatial configuration of facial features, and 

that the N170 is a potential neuromarker of training-related improvement in face 

processing. Training programs might also make use of face images with various 
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distortions such as stretching, compression, or shearing, especially if the distortion is 

applied nonlinearly (i.e. it affects different parts of the image to varying degrees).  

However, it should be noted that stretching does not only alter the second-order relational 

properties of the face, but the shape of face parts as well. Therefore it is important to 

investigate further the relative contribution of feature shape and second-order relational 

properties to the N170 RS effects by using the Jane stimuli, for example. It is also 

important to note that even though stretching substantially reduced the magnitude of the 

RS, it did not eliminate it entirely, as a significant albeit small N170 amplitude reduction 

was observed after adaptation to stretched faces. Several properties of the face, such as 

first-order relational properties, the contrast properties of the inner facial features could 

contribute to this effect, as these properties were essentially the same in the veridical and 

stretched adapting images. Examining whether manipulations that alter one of these 

properties combined with stretching result in the additional decrease of the RS effect 

could provide further insight into the nature of face representations that are active in the 

N170 time window. 

Besides the N170, the SSVEP is a more recently investigated electrophysiological 

marker of face processing. While the face-evoked steady-state response is regarded as an 

index of high-level face identity processing, little is known about its sensitivity to the 

more dynamic, changeable aspects of faces. In Study #4 (Vakli, Németh, Zimmer, & 

Kovács, 2014) we investigated whether the identity-specific RS of the SSVEP 

generalizes across changes in dynamic facial properties. We observed the attenuation of 

the SSVEP when the same identity face was repeated when compared to the condition in 

which different identity faces were presented in succession. This RS effect was observed 

despite the continuous change in stimulus size. Furthermore, In Experiment 2, we found 

a similar RS effect as a result of identity repetition even though the emotional expression 

of faces changed continuously. This RS effect, however, was more lateralized over the 

right hemisphere posterior recording sites than the one observed without expression 

changes. Therefore we propose that the face-evoked SSVEP might tap into distinct as 

well as overlapping neural representations of face identity and exression. This 

assumption is in line with the evidence reviewed in section 5. showing that the encoding 

of these properties is only partially independent, contrary to the assumptions of the 

influential neurocognitive models of face perception. As opposed toexpression change, 

no RS to identity repetition was observed when the orientation or the viewpoint of the 
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faces changed continuously. Thus, it appears that the face-evoked SSVEP taps into face 

representations that are specific to the in-plane and in-depth orientation of the face. By 

and large, these results are consistent with a framework in which invariance to dynamic 

facial attributes gradually emerges in the neural representation of faces along the ventral 

occipito-temporal cortex. Such a coding scheme has been revealed when examining 

viewpoint generalization in the macaque face-processing system (Freiwald & Tsao, 

2010), and is also consistent with the findings of more recent functional imaging studies 

in humans (reviewed in section 5.3.).On the one hand, the finding that the SSVEP shows 

adaptation to face identity despite changes in the size and expression of faces suggests 

the involvement of higher level processing stages. On the other hand, the sensitivity of 

the RS effect to orientation and viewpoint changes argue against the involvement of an 

abstract three-dimensional representation of face identity. Instead, the SSVEP might 

reflect the activity of cortical sites that represent facesat an intermediate level of 

abstraction.Investigating the effects of parametric orientation and viewpoint 

manipulations to investigate the tuning properties of the underlying neural 

representations would be useful to contrast the invariances in the human and non-human 

primate face-processing systems. 
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