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Why do we have a tendency to see faces in objects that have component 

resembling those of a face? Is the human brain hard-wired to instantly 

detect the presence of a face, or is it a later cognitive construction? 
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Abstract 

Humans have the tendency to perceive faces in random patterns and ambiguous stimuli 

exhibiting configural properties of faces. This phenomenon is called the ‘pareidolia effect’. 

This paper explores the neural correlates of facial processing, and attempt to determine 

whether facial coding is a holistic or analytic process. That is, whether people perceive a face 

in terms of its features in relation to each other, or whether they process only the features in 

much the same way as objects are perceived. A secondary reflection is whether facial coding 

occurs in a face-specific area within the visual cortex. Perception of faces is associated with a 

cortical response signal arising at about 170ms after stimulus onset. Using magneto-

encephalography and electro-encephalographic, researchers found that face-like objects 

evoked an activation in the ventral fusiform cortex at a time and location similar to that 

evoked by faces, whereas everyday objects did not evoke such activation. The conclusions 

from this review are that holistic and analytical facial processing most likely coexist, but 

encoded in different locations. Furthermore, findings suggest that face perception evoked by 

face-like objects is not a late re-interpretation cognitive phenomenon, but a relatively early 

process. 
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Introduction 

Humans have a tendency to perceive a face in objects that have constituent parts resembling 

those of a face, like non-living things such as a grilled toast, a cloud or in landscapes.  

According to Windhager, Slice, Schaefer, Oberzaucher, Thorstensen, and Grammer (2008) 

there seems to be a general perceptual strategy in humans that leads to the phenomena of 

animism, which is the attribution of life to the non-living, and anthropomorphism, which is 

the interpretation of non-human beings and things in human terms. The human brain will try 

to construe even its non-social environment as principally social. One obvious reason that we 

are seemingly hardwired this way is most likely evolutionary: it is clearly an adaptive 

advantage to locate and collect information from faces, which is vital to perceive personal 

identity, possible kin relationships, facial expressions and personality, and possible action 

tendencies.  

 

This hyperactive face-detection device has most likely evolved because the adaptive 

advantage of detecting every agent is much higher than the costs of being mistaken. A person 

that thinks he saw something and reacted to it may get a lot of false alarms, but when there is 

a danger, like an enemy or a predator lurking in the bushes, he will have a better chance to 

notice and get away. On the other hand, those who were poor at face detection and didn’t 

notice an unfriendly agent could suffer harmful consequences. To detect your friends from 

your foes is also crucial. In evolutionary terms it would be of great advantage to be able to 

not only spot a face, but also decipher the emotional, social, or sexual cues signalled by 

different features. It could through your lifespan score you a meal, save your life, or land you 

a partner - all things that are crucial to the propagation of your genes. Therefore it seems like 

the human visual system is optimized for associating abstract, face-like patterns, such as for 

example ‘smiley’s’, with emotions of corresponding human facial expressions. This 

phenomenon is called the ‘pareidolia effect’, in which random and ambiguous stimuli 

generate the perception of seemingly significant and recognizable images, and the human 

mind seems to be drawn to intuitively find face-like shapes and forms in a wide range of 

natural and synthetic systems. 
 

About 100 years ago the early Gestalt psychologists argued that ‘the whole is greater 

than the sum of its parts’ (Wertheimer, 1923, cited in Wagermans et al., 2012), and 

demonstrated that people tend to perceive a group of elements, not as individual features, but 

as a whole. The concept of perceptual grouping as a form of perceptual organisation was 

developed, and the debate regarding face perception has since mostly concerned itself with 
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the role of the whole versus its parts and whether faces are coded holistically or analytically. 

In cognitive psychology this debate has been driven forward by a number of approaches, 

which include experimental cognitive studies, neuropsychological studies of brain-damaged 

patients, and neuroscientific techniques with individuals who have normal cortical 

functioning. Its interesting to see that discoveries of Gestalt psychology have parallels in 

modern neuroscience where one of the primary assumptions is that there are neurons sensitive 

to collinearity (Spillmann and Ehrenstein, 2004), where the visual perception prefers 

continuous over broken transitions. The perception and processing of line directions and 

automatically supplementing missing parts of structures to connect them into coherent wholes 

is therefore seemingly an important part of the human perceptual system, fundamental for the 

human brain’s visual information processing system, and it is regarded as essential for form 

recognition. As the concept of perceptual grouping as a form of perceptual organisation in 

Gestalt psychology, face perception seems to be a rapid, automatic and subconscious process, 

and appears to be already present in human newborns, which seems to orient towards simple 

schematic face-like patterns (Palermo and Rhodes, 2007). Developments in cognitive 

neuroscience have allowed for the holistic vs. analytical debate to be further explored. 

Furthermore, such research permits a much broader question regarding whether facial 

processing is neurologically encoded and, if so, where? 
 

This paper will try to answer why we do have this seemingly odd tendency to see 

faces in non-living objects that have component resembling those of a face, and what the 

mechanism behind it is. Is the human brain hard-wired to instantly detect the presence of a 

face, or is it a later cognitive construction? In other words, is facial coding a holistic process 

where people already from childhood perceive a face in terms of its features in relation to 

each other, or is it a learned analytic process where people process the different features in a 

face in much the same way objects are perceived?  
 

I will in this paper first present a brief section of recent studies which have examined 

the evidence of neural correlates in facial coding, guided by the question ‘Is facial coding a 

holistic or analytic process?’ Then I will present different viewpoints relating to the debate 

concerning the holistic vs. analytical facial processing is given, followed by a review of 

evidence for analytical processing vs. holistic processing. The paper ends with a summary and 

discussion together with a presentation of the findings and reflections on the topic as a whole. 
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Neural correlates of facial coding by face-like objects  

I will in this paper try to establish whether facial coding is a holistic or analytic process and 

whether this occurs in a face-specific region in the cortex. I will also investigate if these face-

specific regions in the cortex make us humans to see faces in non-living objects that have 

component resembling those of a face. One can see human newborns that orient themselves 

towards simple schematic face-like patterns, so it seems like face perception is an automatic, 

rapid and subconscious process Johnson (2005). Research shows us that the neural substrate 

for face processing consists of a complicated network of both cortical and subcortical regions. 

The cortical areas involve the inferior occipital gyrus, the fusiform gyrus, the superior 

temporal sulcus, and the inferior frontal gyrus. The subcortical network involves the superior 

colliculus, the pulvinar nucleus of the thalamus, and the amygdala (Haxby, Hoffman, & 

Gobbini, 2000). Functional magnetic resonance imaging (fMRI) has also identified face-

specific regions in the ventral pathway of the visual system, where the occipital face area is 

generally thought of as the earliest point of processing and is thought to be responsible for 

processing the physical features of the face. This is followed by the fusiform face area, which 

is thought to process recognition and identification and the posterior superior temporal sulcus, 

which is associated with dynamic facial processing such as expression and gaze. More 

detailed, one can mention the occipito-temporal cortex, particularly in the right hemisphere, 

where especially the fusiform face area in the mid-fusiform gyrus is associated with 

identification of faces (Yovel & Kanwisher, 2004). The occipital face area in the lateral 

inferior occipital gyri is another area that have been found to be particularly sensitive to facial 

stimuli (Pitcher, Walsh, Yovel & Duchaine, 2007), as well as an area in the posterior superior 

temporal sulcus (Haxby, Hoffman & Gobbini, 2000).  
 

Magneto-encephalographic (MEG) and electro-encephalographic (EEG) studies have 

demonstrated large and reliable differences in the response to faces versus other objects in 

the occipitotemporal areas, with face perception correlating with an event-related potential 

(ERP) signal. The N170 component with EEG and its MEG counterpart M170, reflect face-

selective electromagnetic responses arising at around 150-190 ms after stimulus onset. The 

peak of the signal has been associated with face identification (Itier and Taylor 2004). These 

face-specific components are thought to reflect early cortical face-selective processing and is 

correlated with activation of the fusiform face area and the superior temporal sulcus (Sadeh, 

Zhdanov, Podlipsky, Hendler & Yovel, 2008). Furthermore, MEG studies have reported an 

earlier, face-specific activation peaking between 100 ms and 120 ms after stimulus onset, in 



Candidate No. 212 

PSY4304 (Current issues in Cognitive Neuroscience), Spring 2013 

	  

	   7	  

addition to this signal at 170 ms, which has been associated with face categorization 

processes (Linkenkaer-Hansen, Palva, Sams, Hietanen, Aronen, & Ilmoniemi, 1998).  
 

Hadjikhani, Kveraga, Naik, and Ahlfors, (2009) wanted to investigate, by using MEG, 

how face-like objects make people perceive faces in random patterns exhibiting configural 

properties of faces. They used stimuli consisting of 40 photographs of neutral faces and 41 

photographs of objects and face-like objects. In addition they had 42 photographs of control 

objects, which were chosen to have similar global shape as the face-like object stimuli. 

Stimuli were presented on a screen for 700 ms, followed by a blank interval, where only a 

fixation cross was present, lasting from 1600 to 2400 ms. The participants were told that the 

task of the experiment was to indicate every time they saw an inverted face, but only upright 

trials were analyzed for this study. Results indicated that the fusiform face area had an early 

response to natural faces peaking at about 130 ms, which may have been indicative of an 

early face detection processes. The fusiform face area responded similarly to both faces and 

face-like objects at 165 ms, but differentially to objects without face-like features. Hadjikhani 

et al (2009) suggest that this could indicate that the phenomenon of seeing faces in face-like 

objects is mediated by relatively early components of the visual system, rather than resulting 

from a late, post-recognition reinterpretation of object stimuli. Interestingly, the superior 

temporal sulcus, which is another face processing area, did not show a differential activation 

between objects and face-like objects, but differentiated between faces and face-like objects, 

as well as between faces vs. objects. 
 

Their findings demonstrate that face-like objects can activate a region typically 

associated with face processing in the ventral fusiform gyrus, the fusiform face area, so that 

the face-like objects can be perceived as faces. While the earliest activation in the Fusiform 

Face Area occurred only for real faces, at 130 ms, they found that at 165 ms it was activated 

similarly by stimuli that were perceived as faces. This earliest temporal difference between 

faces and face-like objects are thought to be due to a very early discrimination based on 

global face shape, which is interpreted before the configuration of the inner elements of the 

face-like stimuli. 
 

The debate regarding holistic vs. analytical coding 

In face perception, there are two processes involved: featural or part-based processing, which 

focuses on local information such as individual facial features and their properties like e.g. the 

eyes, the nose and the mouth, and configural processing, which is based on relations between 
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component parts of faces and perceived relations among the different facial features. In this 

paper, configural and holistic processing both refer to coding of the face by analysing its 

features in relation to each other and, thereby, developing a spatial representation of the face. 

In the same manner, featural and analytic processing suggests that facial coding is parts-

based, and that features such as the eyes, nose and mouth are coded independently of the 

overall configuration associated with a prototypical face. Windhager et al. (2008), which 

investigated how humans perceive face-like objects, demonstrated how people recognized the 

parts of a car front corresponding to facial features, such as eyes. Studies like this make one 

speculate if the perception of both features and configuration of a face in a face-like object 

may work in the same manner in which one process a real human face.  
 

The debate concerning face perception has received a considerable amount of 

attention in how the different features of a face (i.e., eyes, nose, mouth) are processed and 

represented by the visual system. It is a debate relating to holistic vs. analytical processing, 

and is known as the “single-route versus the dual-route hypothesis”, and is essentially a 

discussion of whether different mechanisms drive these different types of processing. By 

understanding how human beings perceive human faces, one might understand the perception 

of face-like objects. One possibility is that one and each of the different facial features are 

analyzed independently, and face recognition involves integrating all of the different elements 

of a face, also often called a piecemeal analysis. Among others, Carey and Diamond (1977) 

supported this dual-route view, suggesting there is a qualitative difference between holistic 

and analytical processing. They proposed that perceiving holistic processing of faces includes 

both a first order and second order form, with initially a first order form, which is the metric 

distances between the different features in the face, while a second order form in which these 

features are integrated into a whole. In a similar vein, Maurer, Le Grand, and Mondloch 

(2002) suggested that configural face perception includes several levels of processing: 

primarily, generic first-order relational information is retrieved, like e.g. two eyes above nose, 

nose above mouth, which together is combined into a holistic gestalt-like representation. 

Finally, second-order relational information is processed, i.e., spatial distances between facial 

features, which differentiates individual faces and forms the basis of face recognition. 
 

Similar to the Gestalt notion that the whole is more than the sum of its parts, another 

possibility is that a face is analyzed as a single unified entity, and the spatial relationships 

among the facial features are encoded as part of the representation. Valentine (1988) 

supported this single route view, suggesting there is a quantitative change in perception. The 
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theory is that visual processing of faces becomes more or less difficult as a result of visual 

noise, and Valentine (1988) found that when subjects performed a face- matching and 

recognition task, their reaction time increased linearly as the degree of orientation increased, 

and there was no evidence of a discontinuity as the face became inverted. 
 

These last decades researchers has tried to find neural correlates of facial processing, 

to find out if its configural or featural. Neuroimaging with functional magnetic resonance 

imaging (fMRI) of so called ‘face-selective’ brain regions has had mixed results, with some 

researchers reporting greater activation for upright faces, and others finding little or no 

difference (Harris & Nakayma, 2008). In neurophysiology, on the other hand, large and 

reliable differences in the response to faces versus other objects have been found at 

approximately 170 ms poststimulus onset (Itier and Taylor 2004). As mentioned above, 

studies of face-specificity in visual processing have focused upon ERP’s in the N170 in EEG 

studies and M170 in MEG studies. Like the M170 component, the N170 response is thought 

to reflect early cortical face-selective processing and, in particular, has been associated with 

processing of the eyes. These reflect electromagnetic responses in the lateral occipitotemporal 

areas, typically over the right hemisphere, instigated approximately 150-190 ms after the 

onset of a face-related stimulus as compared with object-stimulus (Eimer, Gosling, Nicholas 

& Kiss, 2011). These face-specific responses are considered to be an indication of the earliest 

stages of facial processing, and interestingly, Eimer et al. points to several studies that have 

shown that the N170 is not affected by the familiarity of faces, indicating that this component 

is associated with perceptual face processing stages that precede the identification of 

individual faces.  
 

The N170 response is also sensitive to upside-down faces, with a consistent delay of 

10 ms for inverted faces and sometimes an increased amplitude. The fact that the N170 is 

highly sensitive to face inversion, generally called the ‘face inversion effect’, which generally 

are regarded as a hallmark of configural face processing, suggests that the underlying neural 

processes are involved in the analysis of configural face properties and not just in the part-

based processing of face components (Eimer et al. 2011). On the other hand, Harris & 

Nakayma (2008) argues that other findings complicates the interpretation of such increases in 

N170/M170 delay and amplitude, since eyes alone produce a response equal to or greater than 

that to whole faces or scrambled face configurations. And they point to other researchers, 

using different manipulations, which have recently reached a similar conclusion; suggesting 

the N170 response primarily is driven by the eye region. The next two sections of the paper 
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will look closer at the arguments for analytical vs. holistic processing of faces and face-like 

objects.  
 

Analytical processing 

Faces are traditionally looked upon, as somehow ‘special,’ differing from how other visual 

stimuli are processed. As noted above, empirical evidence in favour of this assumption comes 

from the ‘face inversion effect’, where one has found that inversion of faces detrimentally 

affects perception and recognition performance much more so than for other stimuli (Yin 

1969). Inversion of faces is therefore interpreted as disrupting the special processing that 

normally occurs for faces, and has historically been taken as evidence that inverted faces may 

be processed more similar to objects and require feature-based processing, while upright faces 

may draw upon configural or holistic processing (Harris & Nakayma, 2008). According to 

this view, upright faces are processed in a qualitatively different way from other objects and 

visually stimuli, in terms of how the relationships between parts are processed rather than the 

separate parts themselves. Tanaka and Farah (1993), for example, have confirmed the holistic 

theory in experiments where observers tended to be more accurate at identifying facial 

features (e.g., a nose) within the context of a normal face, than either in isolation or in the 

context of a face where the different features have been spatially scrambled. This holistic 

view is often held by those who support the dual-process hypothesis, and this kind of 

perception are considered to be an indication of the earliest stages of facial processing. 

Sekuler, Gaspar, Gold and Bennett, (2004), has suggested that phenomena such as the face 

inversion effect simply reflects a quantitative shift in the efficiency of information use, rather 

than a qualitative shift in recognition strategy.  
 

By investigating whether the face inversion effect is, indeed, a result of a delay, Harris 

and Nakayama (2008) wished to examine whether the dual-route or single-route hypotheses 

are correct. They used a neural adaptation paradigm to investigate the M170 response to facial 

features compared with facial configuration, where the presentation of a stimulus leads to 

reduced responsiveness to a second stimulus. E.g., the activity level of single neurons or 

neural populations in response to test stimuli is reduced because these stimuli were preceded 

by physically identical or categorically equivalent adaptor stimuli. Harris and Nakayama 

(2008) agree that it remains unclear whether the inversion effect actually represents a 

qualitative difference in processing, and that it might simply reflect a delay in processing. As 

noted above with the face inversion effect, studies show a consistent delay of 10 ms for 

inverted faces and sometimes an increased amplitude of the M170 and N170 response. But 
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with eyes alone and scrambled faces it is possible to produce similar results, and Harris and 

Nakayama (2008) suggests that the early visual response to faces is implicated in analytic 

processing and associated with features rather than the configuration of the face.  
 

In recent studies one has tended to present the first stimulus followed by the 

presentation of another stimuli, the second one the same as the first and the third one different 

from the two previous. This is known as the ‘double pulse paradigm’, where two stimuli are 

presented in sequence but with a very short interstimulus interval. The assumption is that if 

two stimuli varied along one dimension show the same amount of adaptation as repetition of a 

single stimulus, one can conclude that the response of the neural population is invariant for 

that particular dimension (Harris & Nakayma, 2008). Used with EEG and MEG studies, it has 

been found that adaptation effects occur if the second stimuli are similar and are presented 

within a short duration after the first and thereby reducing the amplitude of the N170 and 

M170 response. Harris and Nayakama’s (2008) wanted to investigate this phenomenon and 

presented participants with an adaptor (e.g., an upright face) and a test stimuli (a second 

upright face), each for 200 ms with an interstimulus interval of 200 ms. In the first 

experiment, identical and different faces were presented both upright and inverted, and 

participants indicated whether the two stimuli were the same or different using a stimulus-

response box. They investigated the effect facial inversion would have on the adaptation of 

M170 responses, and found a consistent time lag for inverted faces compared with upright 

faces. With regards to adaptation, the greatest reduction occurred where both the adaptor and 

test stimuli were faces, regardless of whether the face was upright or inverted. Consequently, 

when a participant first viewed an image of a face, their cortical response to the second face 

was reduced as a result of adaptation to the first image. 
 

In a second experiment, participants’ viewed non-facial images, varied by facial 

configuration (similar to smiley’s), scrambled facial features (the mouth, eyes, mouth in 

atypical locations), and the absence of a face (presence of a contour with jaw line, ears and 

hair), or the presence of a face (full face with contour and all facial features). Results showed 

that face parts and face configuration produced similar amplitude of the M170 response, 

which suggests that they were equally demanding. Face parts had similar adaptive power to 

whole faces, whereas face configurations did not, and this suggests that the M170 response is 

indicative of facial processing involved with processing of individual parts rather than 

configuration. In addition, the adaptive response of a configuration was comparable with the 

adaptive response of a non-face.  
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In summary, Harris and Nakayama found no neurophysiological effect of inversion, 

their results showed that upright and inverted faces were equally powerful adaptors for the 

test face. In contrast, the behavioral data (accuracy) demonstrated a clear inversion effect. 

These dissociative results suggests that configural information is not represented at the stage 

of processing indexed by the M170 response, as behavioral data showed a significant drop in 

accuracy for inverted compared to upright faces. This means that the behavioral inversion 

effect reflects a dichotomy of configural versus part-based processing. Harris and Nakayama 

suggest that these findings could reflect differences between the face parts and the facial 

configuration in low-level physical attributes, such as contrast and spatial frequency, since the 

scrambled face parts retain this information whereas the configuration do not. Harris and 

Nakayama (2008) propose that their findings indicate that the M170 response reflects an early 

coding system, which focuses on individual facial parts and not configuration.  
 

Holistic processing 

In the later years, several researchers have presented evidence that is consistent with the idea 

that faces are processed in a holistic and configural manner rather than a featural and analytic 

manner. Much of this evidence comes from a phenomenon called the face-inversion effect, 

i.e. that unlike most other objects, faces tend to be much more difficult to identify when they 

are upside-down than when they are upright, supporting the perspective that faces are encoded 

holistically (Valentine, 1988). The implication of the face inversion effect is that inverted 

faces disrupt the holistic representation of the face, more so than if features were altered on an 

upright faces, and raises questions about whether faces are perceived in configuration or as 

separate features. This effect is typically accounted for by observing that upright faces are 

processed in a configural and holistic manner, while the elements of inverted faces are 

processed in a featural and analytic manner. As a result of this, upright faces are more quickly 

and accurately identified than inverted faces because of the extra information that is encoded 

for upright faces.  
 

Goffaux and Rossion (2006) wanted to investigate the process of face perception by 

utilizing two different paradigms, the composite face paradigm and the whole-part paradigm, 

also called the composite effect. The composite face paradigm involves creating a face based 

upon two equal halves, upper and lower part of the face, of familiar people. When the two 

halves are misaligned, subjects are easily able to recognise who the different parts of the face 

belongs to, compared to when the faces are aligned. Thus, it seems like the configuration of 

the features within a whole face is crucial to the processing speed. The whole-part paradigm 
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describes the phenomenon that participants are better able to identify individual features of a 

known face if they first observe those features as part of a whole face, and thus demonstrates 

that faces are processed in a holistic manner, and the importance of the features in relation to 

each other. In Goffaux and Rossion’s study, these two paradigms were used with faces that 

provided low or high spatial frequency information. Differential frequencies are processed at 

different rates and encode different information. While low spatial frequencies provide coarse 

visual information and are processed first, high spatial frequencies provide finer visual 

information and are processed later. Results showed that accuracy and reaction times were 

poorer in the high frequency condition compared with the low frequency and full spectrum 

faces. On the other hand, there was no such effect with misaligned faces. Therefore, it seems 

like the coarse information contributed most to the immediate and holistic processing of the 

face. And in the context of this paper, it seems like low spatial frequencies may help 

individuals in their daily life to discern faces or face-like objects from their surrounding 

environment in preparation for further more detailed processing based upon later high spatial 

frequency information.  
 

Of special interest to the topic of this paper, further positive evidence for a connection 

between the N170 component and configural face processing comes from ERP studies that 

have measured the N170 in response to schematic face stimuli. Schematic face stimuli, 

similar to ‘smiley’ faces, contain the overall spatial configuration of faces, but include no 

parts that could be individually recognized as face components. Schematic ‘smiley’ faces are 

therefore assumed to primarily engage configural processing. In relation to the classification 

proposed by Maurer et al. (2002), schematic faces like a ‘smiley’ face, which contain two dots 

for eyes and two lines for nose and mouth, permit the retrieval of first-order relational 

information, and may also be processed at the later holistic level.  
 

In contrast, two-tone Mooney faces (Mooney, 1957), which are low-information two-

tone pictures of faces used in tasks where participants are asked to identify features and 

distinguish between real and ‘false’ faces, usually contain no individually recognizable facial 

features. Unlike schematic ‘smiley’ faces, there is no prototypical first-order configural 

arrangement of their component parts. To be recognized as faces, their global structure that is 

presented by shape-from-shading information needs to be processed. The first face-specific 

processing stage activated by Mooney faces, therefore has to be holistic, Eimer et al. (2011) 

argues. They furthermore suggest that if the N170 component is sensitive to configural face 

processing, it should be triggered by schematic ‘smiley’ faces, or even by two-tone Mooney 
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images of faces, and not only by naturalistic face images. And in ERP studies schematic 

‘smiley’ faces were found to trigger an N170 response that did not differ from the N170 

response in reaction to naturalistic faces. This is in line with the hypothesis that the N170 

component is associated with the processing of configural face information, and not only 

naturalistic face images. In addition, Mooney faces are found to elicit face-specific N170 

components, further suggesting the N170 is sensitive to holistic face processing in the 

absence of first-order relational information.  
 

As noted above, one has tended to present a first stimulus, shortly followed by another 

stimuli, the first and second one the same and usually a third one different from the two 

previous. This is known as the ‘double pulse paradigm’, where two stimuli are presented in 

sequence but with a very short interstimulus interval. The assumption is that if two stimuli 

varied along one dimension show the same amount of adaptation as repetition of a single 

stimulus, one can conclude that the response of the neural population is invariant for that 

particular dimension (Harris & Nakayma, 2008). In two different experiments, Eimer et al. 

(2011) asked participants to observe and compare naturalistic photographs of real faces to 

schematic line drawn smiley-faces in experiment one and Mooney faces in experiment two. 

Line drawn houses or Mooney houses acted as control trials. Experiment 1 presented upright 

and inverted schematic line drawings of face configurations, like simple ‘smiley’s’, as 

adaptors, and upright and inverted naturalistic photographs of real faces as test stimuli, to see 

if the ‘smiley’s’ would produce N170 adaptation effects in response to naturalistic test face 

stimuli. Since previous research already had established that inverted faces and eyes alone can 

produce an N170 response, as we have seen in the Harris & Nakayma (2008) experiments, 

additional trials included naturalistic inverted faces or eyes in isolation as test stimuli, and the 

equivalent schematic (smiley) stimuli as an adaptor. 
 

And in experiment 2, Eimer et al. (2011) presented upright and inverted two-tone 

Mooney stimuli as adaptors, and upright naturalistic faces served as test stimuli. As 

mentioned above, Mooney faces are assumed to engage holistic stages of configural face 

processing, but not the first-order relational stage, since the image usually contain no 

individually recognizable facial features and no prototypical first-order configural 

arrangement of their component parts. Since previous research as e.g. Harris & Nakayma 

(2008) already had established that inverted faces and eyes alone can produce an N170 

response, additional trials included naturalistic inverted faces or eyes in isolation as test 

stimuli, and the equivalent schematic stimuli as an adaptor. The adaptor face was presented 
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for 200 ms before the onset of the test face, with an interstimulus interval of 200 ms. The task 

for the participants was to monitor changes in the test face. Adaptation effects were 

demonstrated by a reduced N170 amplitude in the presence of the test stimuli, resulting from 

the sustained effect of the adaptor.   
 

Results showed that the N170 amplitudes were found to be greater for upright and 

inverted schematic ‘smiley’ faces than for eyes only and houses, and were measured 140-190 

ms after the adaptor was presented, with a delay in peaking in the inversion trials as would be 

expected for the face inversion effect. With regards to adaptation effects, there was a 

significant interaction between the adaptor category and the test stimuli. For example, 

schematic ‘smiley’ faces induced an adaptation effect evident in the N170 response to 

naturalistic faces whereas schematic eyes only produced an adaptation effect for naturalistic 

eyes. Of particular interest, inverted faces and upright eyes, adapted to schematic inverted 

‘smiley’ faces. This effect neared significance for the upright naturalistic faces. That the 

schematic ‘smiley’ face had an impact on all three types of naturalistic stimuli (upright, 

inverted, eyes) suggest that configural face information contribute to the N170 component, 

and make people perceive faces in face-like images and objects.   
 

Later, in a different experiment, the order was reversed with two tone Mooney faces 

presented as the adaptors and naturalistic photographs of real faces as the test stimuli. As in 

the first experiment, adaptor faces were presented upright or inverted, along with houses as 

control trials. Should an adaptation effect to the mooney faces be evident in the N170 

response to the naturalistic faces, this would indicate that configural processing occurs at this 

early stage of facial coding since Mooney faces cannot be processed by their features, and 

perception of them relies entirely on configural processing. The experiments showed that 

N170 effects were greater for upright and inverted Mooney faces compared with Mooney 

houses. The greatest adaptive effect (that is, the lowest N170 response) was observed when an 

upright Mooney face preceded an upright naturalistic face. Further, amplitude of the N170 

was greater for inverted Mooney faces as compared with upright Mooney faces, as would be 

expected for the face inversion effect and increased effort. Analysis of whether the nature of 

the inverted Mooney face had an impact on the adaptive effect (easy or difficult perception) 

showed that the amplitude of the N170 response to naturalistic faces was reduced when the 

inverted Mooney face adaptor was easier to recognise as a face, indicating that the need to see 

the whole face is important in facial perception. That schematic eyes, without the lines for 

nose and mouth, did not have an adaptive effect on upright faces was further evidence that 
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they lacked sufficient configural information when presented alone. Furthermore, Eimer et al. 

(2011) points to studies that show that N170 amplitudes to inverted Mooney faces were larger 

on trials where these stimuli were identified as faces, as compared to trials where they were 

not identified as faces, and larger N170 components for Mooney faces as compared to 

scrambled non-face Mooney control stimuli. Summing up, these previous ERP studies 

suggest that the face-sensitive N170 component does not just reflect a neural response to 

individual face parts, but is also associated with configural and holistic face processing.  
 

Summary and discussion  

As soon as newborns can see, it focuses on and recognizes faces, and we know that this 

ability is hardwired in our brains. Face perception is a subconscious, automatic and rapid 

process, and infants preferentially orient towards simple schematic face-like patterns 

(Palermo & Rhodes, 2007). Nearly every newborn is quick to identify a human face, and this 

makes a lot of sense. Newborns who a million years ago were unable to recognize a face, 

smiled back less at their parents and were less likely to win the hearts of their caregiver, and 

therefore less likely to prosper. But why do we sometimes have the tendency to mistakenly 

interpret a non-face object as a face? In the different articles presented in this paper we have 

seen that the similar N170/M170 response found in the fusiform face area for both images of 

face-like objects and real faces, suggesting that our visual system has the tendency to rapidly 

interpret stimuli as faces based on minimal cues, and may rely on the activation of the 

subcortical route. Since face-like objects activate the fusiform face area relatively early at 165 

ms, Hadjikhani et al (2009) suggest that the perception of these objects as faces is not a post-

recognition cognitive re-interpretation process. Rather, they suggest that the face cues in face-

like objects are perceived early in the recognition process, and that this process may be 

supported by the subcortical network shown to process behaviourally relevant unseen visual 

events Johnson (2005).  
 

In the experiments of Hadjikhani et al (2009) it is important to note that while the 

face-like objects used in the study shared certain internal configural cues with faces, like 

elements representing two eyes, and mouth/nose, they were not actually schematic faces, like 

in the experiments of Eimer et al. (2011) and Harris & Nakayma (2008). Hadjikhani et al 

(2009) points to research where non-face objects not similar to faces have been shown to 

activate the fusiform face area with extensive training. But their face-like objects evoked an 

early 165ms activation, similar to that evoked by faces, without any training. This suggests 

that the fusiform face area indeed can be activated by crude face-like configural cues 
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embedded in otherwise typical everyday objects. They also points to research of Johnson 

(2005), which show that dot patterns consisting of two horizontally arrayed elements in the 

upper part of the stimulus, simulating the ‘eyes’, and one element vertically centered in the 

lower part of the stimulus, simulating the ‘mouth’, have been shown to evoke stronger 

looking in infants, as do real faces. A similar pattern of cues was also embedded in the face-

like objects of Hadjikhani et al (2009). 
 

As we have seen in the rapid adaptation study by Harris and Nayakama (2008), in 

which it was established that the M170 component, a response associated with early cortical 

processing of faces, was involved in analytical processing. This claim was contrasted by 

Eimer et al. (2011) who, adopting similar techniques, found that the N170 component was 

indicative of early holistic processing. These findings seems to be contradictory, but need not 

to be so since the techniques adopted may well respond to activity in neighbouring neural 

networks. In fact, Eimer et al (2011) even suggest that the N170 response may actually be an 

indication of both holistic and analytic processes that occur in networks in close proximity. 

Adjacent neural populations responsible for processing individual features may, based on 

partial information, be able to integrate enough information to conclude that a face is present 

and, in so doing, have an impact upon the adaptation effect. This process may be faster than 

the time it takes to fully process a single feature and might offer an explanation of the 

tendency for individuals to incorrectly identify face-like objects as faces based upon its 

features, if primed with those featured beforehand. This could be in line with the findings of 

Hadjikhani et al (2009) and Johnson (2005), which suggest that face processing may be 

supported by the subcortical network shown to process behaviourally relevant unseen visual 

events. Other researchers, for example, Rotshtein, Vuilleumier, Winston, Driver & Dolan 

(2007), using fMRI, has identified the left middle cingulate gyrus, right insula, putmen and 

prefrontal regions as relevant to facial processing, in addition to the right fusiform and 

bilateral inferior occipital gyri. These numerous and highly different areas suggest that it is 

unlikely that there is one face-specific area responsible for coding, and future research might 

even find that there may be an even more distributed system than the existing distinction of 

core and extended cortical areas responsible for facial processing. 
 

In a recent study, Paras and Webster (2013) showed that the stimulus requirements for 

eliciting a face percept are very minimal and thus very general. Therefore they have a high 

probability of arising by chance, and in particular, they demonstrated that a pair of dark spots 

on a blurry canvas was usually adequate. This kind of stimulus arise with high frequency in 
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many natural images, such as rocks and clouds, and this can account for the high tendency for 

observers to report faces in natural textures and scenes. As noted earlier with Gestalt 

psychology, it is likely that once different elements in an image is coded as a face, the 

remaining features and variations in the image are re-interpreted to be consistent with this 

representation. Accordingly, the perception of a face in non-human objects may appear to 

strongly reflect a face mode of processing in which bottom-up mechanisms recognise 

different elements in an image, and top-down inferences shape and perceptually complete the 

interpretation. This suggests a strongly holistic process, for how one random feature 

ultimately is interpreted (e.g., as an eye) can completely change the perception of other 

nearby individual features (Tanaka and Farah, 1993). These two processes working together, 

featural and analytic processing and configural and holistic processing, might explain the 

seeming paradox that faces can be seen almost anywhere. First the featural processing, 

because the trigger features are minimal, and secondly the congigural processing, because this 

depends on the full integration of the random pattern. These two processes lead to the 

impression that faces are seen are surprisingly distinctive and thus appear exceptionally 

improbable. 
 

In another a recent study, Meng, Cherian, Singal, and Sinha (2012) wanted to test how 

the human brain distinguishes actual faces from images that merely trigger a pareidolic 

reaction. In this study, test subjects were presented with a variety of photographs, ranging 

from images of actual faces to images that look nothing like a human face. They found 

different activity patterns in the fysiform gyrus on the left vs. the right side of the brain. The 

left side showed activity patterns changing very gradually as images became more like faces, 

and there was no clear distinction between faces and non-faces. In fact, the left side would 

light up if the subject were looking at a human face, a face-like object or an eerily face-like 

formation of rocks. On the right side, however, the activation patterns in the fusiform gyrus 

were completely different between genuine human faces and face-like optical illusions. No 

matter how much the image resembled a face, there was no fooling the fusiform gyrus on the 

right side of the brain. Meng et al. (2012) suggest that activation patterns in the left fusiform 

gyrus correlate with image-level face-semblance, while the activation patterns in the right 

fusiform gyrus correlate with categorical face/non-face judgements. Further they propose that 

context exerts significant excitatory/inhibitory influence in the left fusiform gyrus, but has 

limited effect on the right. Furthermore, face-selectivity persists in the right fusiform gyrus 

even after activity on the left has returned to baseline. These results provide important clues 

regarding the functional architecture of face processing, and the researchers conclude that the 
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left side of the brain ranks images on a scale of how face-like they are, suggesting that the left 

hemisphere is involved in processing ‘low-level’ face semblance. The right side, on the other 

hand, makes the categorical distinction between whether or not it's a human face, and is 

perhaps a precursor to categorical ‘deep’ analyses on the right. 
 

Conclusion 

I have in this paper focused on the presence of analytic vs. holistic processing, that is, whether 

features of the face are perceived separately and construction of the face occurs as piecemeal 

processing of objects, or whether facial coding is a configural process in which the parts are 

viewed in relation to each other and the face as a whole. Historically, the discussion has been 

between a dual-route and single-route hypothesis with the facial inversion effect being viewed 

as the hallmark of holistic processing since facial processing speed is impaired when a face is 

inverted. Different neuroscientific techniques being used in research into facial coding, some 

of which are represented in this paper, establishes that both holistic and analytical processing 

are likely to coexist in the visual cortex but most likely in different regions. Despite the fact 

that there are core face-specific areas, which might present a hierarchy of processing with 

holistic or analytical preceding the other, it also seems that facial coding draws upon other 

cortical and subcortical areas. This is comparable to the findings of Hadjikhani et al (2009), 

which found a similar response in fusiform face area at 165 ms for the images of both face-

like objects and real faces, suggesting that the human visual system has the tendency to 

rapidly interpret stimuli as faces based on minimal cues. This may rely on the activation of 

the subcortical route, and might result in our innate faculty to detect faces. In future research 

regarding facial coding and understanding why humans have this odd tendency to see faces in 

non-living objects that have component resembling those of a face, it would be interesting to 

address to the degree of overlap between the subcortical route and a seemingly cortical fast 

route for object processing. Johnson (2005) speculate that for humans to interpret and become 

conscious of face-like objects and images as faces, this fast cortical route must in one way or 

another work with subcortical areas and project visual information directly from early visual 

cortical areas to parts of the prefrontal cortex. This would allow the prefrontal cortex in a 

feedback manner to provide a likely interpretation of the input image to structures on the 

ventral pathway before they receive detailed higher-frequency information. 
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