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Face Perception

The human face sends many different signals. We can identity somebody, if we happen to know them, but we can also judge their emotional state from their expression, perhaps read their lips if they are speaking, or follow their gaze. We can make broad judgments about somebody’s age, gender, and perhaps cultural background, all in signals from the face. The core question in face research is to understand how the perceptual system decodes all this information carried in the visual signal. Researchers have drawn from multiple techniques to understand how different parts of the perceptual system are organized. There is also a growing understanding of the neural structures involved in face recognition and the ways in which these are integrated into our more general knowledge about people. There remain some mysteries about how we recognize each other, but research in face recognition has generated some robust findings, now adopted into forensic and security settings.




History

A key research ambition in the study of face perception has been to understand how the many different sources of information in a face are processed. For example, when recognizing a smiling friend, how do we compute that we are seeing a friend and seeing a smile, and to what extent are the same processes involved when we see a smiling stranger? Does the analysis of facial information occur in a fixed sequence, or do some processes occur in parallel? Early functional accounts of face perception culminated in the (n.d.-a) model, which set out to delineate the various cognitive processes involved in face perception and to place these in the context of word and object recognition—about which much more was known at the time. This same approach, differentiating perception of different signals, was later taken when uncovering the neural architecture supporting face perception, such as in the influential model of (n.d.-b).

The degree to which we all experience similar perceptions of faces has been a longstanding research question in the field. For example, early research by (n.d.-c) suggested that the generation of emotional expression, and consequently its perception, was to some extent shared across all human cultures, an idea that had earlier been expressed by Charles Darwin. Similarly, the idea that all human viewers might find the same faces attractive has been much studied—an idea that is also found in ancient civilizations, including early Egyptian and Greek cultures who sought formulaic descriptions of facial beauty. The extent to which these, and other, perceptions of faces are indeed universal, societal, or personal remains a topic of detailed study today.

Much of the early psychological research in face recognition focused on the problem of eyewitness memory. It has been known for many years that witnesses observing an event may subsequently make errors in good faith, either failing to recognize someone present at the event or misidentifying someone who was not present ((n.d.-d)). From the 1960s onward, researchers have aimed to reduce these errors, for example, by making recommendations about lineup procedures or interview techniques. While this research has been influential in jurisdictions around the world, the fallible nature of eyewitness testimony remains a significant problem.

At the same time that researchers began to study poor face recognition in the real world, an apparently contradictory body of evidence was accumulating in laboratory-based memory. A number of researchers reported extremely good memory for photographs; for example, people could identify several thousand photographs seen for the first time a few days earlier ((n.d.-e)). This apparently excellent memory performance was especially marked for pictures of faces, which seemed much better than memory for images of other stimuli, such as houses or snowflakes ((n.d.-f)). This apparent paradox, good memory for faces in the laboratory alongside frequent well-documented memory errors in the real world, attracted experimental psychologists to the field.

In modern times, face perception research has recruited findings from a wide variety of methods, including laboratory experiments, cognitive neuropsychology, developmental psychology, computational modeling, cognitive neuroscience, and, more recently, individual differences. As the sophistication of these techniques has developed, technical advances have been incorporated into experiment and theory. A coherent theoretical understanding of the processes underlying face perception has emerged slowly and remains incomplete. Progress has typically occurred through consensus based on converging evidence from numerous sources rather than discrete “breakthroughs,” though, of course, many theoretical debates are ongoing.




Core concepts 


Familiarity and recognition

Most humans are extremely good at recognizing the people they know. With seemingly no conscious effort, we interact with our family, friends, and colleagues, rarely puzzling over their identity, and we can identify these people even in very poor images ((n.d.-g)). However, this ability stands in stark contrast to our recognition of unfamiliar people. As noted, witnesses asked to recognize someone who was seen for the first time during some critical incident are often mistaken. In fact, while a great deal of research on eyewitness memory has focused on fallible memory, it turns out that people are poor at recognizing unfamiliar faces, even in situations that do not require memory.

In face matching tasks, viewers are asked to indicate whether faces presented simultaneously belong to the same person or not. These tasks might be presented as lineups (e.g., “Which of these people is the target face?”) or simple paired tasks (e.g., “Are these two photos the same person?”). These types of decisions are commonplace in everyday life, such as when proving one’s identity using a passport or other photo ID. Matching is also important in more specialist settings, such as when police officers attempt to identify someone captured on CCTV. However, despite the fact that face matching is commonplace, research consistently shows that people are generally poor at matching unfamiliar faces, making frequent errors, even with good quality photographs taken recently ((n.d.-h)). Perhaps even more surprising is the fact that professional people who use face matching in daily life (e.g., passport officers, notaries, check-out staff) are typically no better at the task than anyone else ((n.d.-i)).

The large discrepancy between our perceptual abilities with familiar and unfamiliar faces remains a critical aspect of face perception. One key observation is that we can recognize familiar faces over a wide range of photographs (e.g., changes in view, lighting, age, expression, and so forth), whereas representations of people we do not know are more tied to specific images. For example, in memory experiments, people are good at remembering faces if the same image is used at learning and test. But if a different a photograph is used on the two occasions, familiar face recognition remains good while unfamiliar face recognition is much reduced ((n.d.-j)). This finding resolves the paradox raised in the History section: Why is laboratory-based face memory so good when memory in the field seems so poor? In short, picture memory is excellent for all faces, but face memory, generalizing across different pictures, is only good for the people we already know.

Modern studies of familiar face recognition incorporate generalizability by highlighting both between-person variability (people look different from each other) and within-person variability (the same person looks different on different occasions) ((n.d.-k)). The problem of face recognition, then, incorporates both telling people together and telling people apart, processes which can be tracked as faces are learned and as children develop these skills ((n.d.-l)).



The inversion effect, holistic and configural processing

It is easy to demonstrate that recognizing upside-down faces is difficult—just present a friend with an inverted image of somebody famous. However, researchers studying the face inversion effect go beyond this demonstration to investigate the claim that faces are not only difficult to process upside down but particularly difficult—that is, perception of faces is affected more by inversion than are other visual stimuli. This is a longstanding idea ((n.d.-m)) and has been a key component of many theoretical developments within the field, including the concepts of configural and holistic processing. There are many definitions of these terms, but the field has largely adopted those of (n.d.-n): Holistic processing coheres facial features into a perceptual gestalt, first order configural processing involves detection of the basic layout of a face (eyes above nose above mouth), and second order configural processing is sensitive to the spatial layout of the facial features.

Holistic processing is often demonstrated using the composite face effect ((n.d.-o)). If we take the top half of one face and position it over the bottom half of another, then the two halves appear to fuse into an entirely novel identity—even if the two constituent faces are well-known. (Try it.) This seems to indicate that our perceptual system is somehow designed to perceive the identity of whole faces, as though some kind of template were triggered when a face shape appears. The illusion is quickly destroyed if the two half-faces are inverted or slightly misaligned.

Holistic and configural processing have often been contrasted with featural processing—a putative strategy in which individual features (eyes, noses, etc.) form the components of one’s representation for a particular individual. In contrast, the face superiority effect ((n.d.-p)) demonstrates the importance of a whole face. When asked to remember a particular nose, for example, viewers are more accurate when the nose appears within a whole face than when it appears in isolation or in a face in which the features have been jumbled up. The whole face context supports recognition, even though the participants are only required to remember one feature—good evidence for the role of a whole-face representation.

Configural processing is held to underlie the face inversion effect. When turned upside down, it becomes harder to discern configural changes (moving features slightly within a face) than featural changes (e.g., swapping one set of eyes for another) ((n.d.-q)). This leads to the hypothesis that inversion disproportionately affects configural processing and, since face recognition is held to rely on configural processing, explains why faces are particularly hard to recognize upside down. This is a very popular theoretical position, but it remains somewhat unproven in the absence of a generally agreed measure of configural processing that can be taken independently of inversion. It also remains unclear whether configural processing underlies all face processing or only processing for certain tasks. For example, are configural processes recruited equally for familiar and unfamiliar faces? And what role do they play in judgments of expression or identity?



The neural system supporting face perception

Advances in functional brain imaging have brought considerable progress in understanding the neural systems involved in face processing. Before imaging data became available, scientists had relied on information from neuropsychological patients whose deficits in face perception were associated with specific patterns of brain damage and on single-cell recordings made in monkeys. These sources had suggested that face perception involves the temporal cortex and is supported bilaterally in the brain but with a greater emphasis on processing in the right hemisphere.

Imaging data have revealed a core network ((n.d.-r)) of three brain areas that are particularly responsive to faces: the occipital face area (OFA), the fusiform face area (FFA), and the superior temporal sulcus (STS). The OFA is held to be involved in early visual processing of facial features and seems to act as an entry point to the distributed network for face processing. The FFA shows sensitivity to faces over many other classes of object (e.g., animals, houses, or jumbled faces) ((n.d.-s)). It is held to code those aspects of a face that are invariant, or at least change very slowly, such as a person’s identity. The STS, on the other hand, is known to be involved in many social processes ((n.d.-t)) and appears to be closely associated with changeable aspects of the face, such as the perception of eye gaze, expression, and lip movements—all critical to our social interactions.

Of course, our interactions with others rely on many complex sources of information and not simply on visual analysis of faces (see Theory of Mind). For the people we know, there is a large store of individual knowledge, and our relationship with the person also informs the way we behave—for example, with a family member versus a colleague. For people we do not know, we nevertheless make judgments about their attitude to us based in part on their appearance. This complex array of personal information is processed in the extended face network, which includes a more extensive range of brain areas, many of them not specialized for visual input. For example, it is now well-established that areas including the amygdala, anterior temporal cortex, and auditory cortex can all be recruited in our social interactions, and these are functionally connected to the core face areas FFA and STS in complex ways that are still being explored.

While neuroimaging techniques have enabled researchers to understand where in the brain faces are analyzed, they are poorer at revealing how this process unfolds over time. In contrast, the study of event-related potentials (ERPs), which have high temporal but low spatial resolution, has shown some responses that are sensitive to faces. The best-studied ERP component is the N170—a pattern of electrical negativity on the scalp that is observed roughly 170 ms after the presentation of a face, most clearly on electrodes mounted over posterior temporal sites ((n.d.-u)). The N170 is generally elicited by the presentation of all faces, whether they are familiar to the viewer or not. Later components, appearing around 250 ms and 400 ms following presentation, have been hypothesized to reflect visual and then conceptual knowledge about the person shown, respectively ((n.d.-v)).



Individual differences in face perception

There are widespread differences in people’s abilities in face perception. While there is some evidence for differing abilities in recognizing familiar people or identifying emotional expressions, the majority of work in individual differences focuses on unfamiliar face identity processing ((n.d.-w)). This reflects the fact that there are some well-established tests of unfamiliar face recognition, such as the Cambridge Face Memory Test ((n.d.-x)), that have well-documented psychometric properties and relatively high levels of test–retest reliability, making them good tools for work in individual differences.

There is considerable research focus on the extremes of face perception ability. Prosopagnosia refers to a deficit in which the patient cannot recognize the faces of others. In its acquired form, people may have suffered head injury or stroke. While it is often associated with other perceptual problems, some relatively “pure” cases exist, in which patients have no difficulty making other judgments about a face (i.e., they can point to features, estimate age, etc.) and can recognize familiar people from other cues (voices, clothes, etc.). Over recent years, there has been growing interest in developmental prosopagnosia, the condition in which people cannot recognize faces but have no known brain pathology ((n.d.-y)). This condition is sometimes known as face blindness and can result in social challenges associated with failing to recognize known people.

At the other end of the scale are people with extremely good face recognition abilities, labeled super-recognizers ((n.d.-z)). These individuals consistently score much higher than the average participant on tests of unfamiliar face identification (memory and matching) and have sometimes been recruited to specialist forensic and security organizations to support their operations. Nevertheless, this enhanced ability can come at some cost, and some super-recognizers report hiding their abilities in order not to stand out from the ordinary expectations of others.

While those lying at each end of the ability continuum are interesting, the full scale of abilities is utilized for research into fundamental aspects of face perception. For example, correlational studies can be used to explore the relationship between face recognition and other perceptual and cognitive abilities ((n.d.-aa)). In fact, only relatively modest associations have been reported between face and general ability in object perception, whereas performance on different face perception tasks tends to correlate more strongly ((n.d.-ab)). Measures of individual differences can also be used to examine the genetic underpinnings of face recognition. Large-scale studies, including twin studies, conclude that face recognition is highly heritable ((n.d.-ac)). Furthermore, correlations have been observed between face recognition ability and aspects of an individual’s neural anatomy ((n.d.-ad)), though this association remains controversial.



First impressions and social attribution

The idea that people’s faces reveal aspects of their character is an ancient one that has little currency in modern science. However, contemporary research has been able to uncover robust associations between the physical structure of faces and our tendency to make judgments about them ((n.d.-ae)). Researchers have sometimes asked participants to make free descriptions of faces or sometimes to rate them on multiple dimensions. In either case, their attributions can be summarized as lying along a small number of core dimensions that seem to capture social judgments. Ratings based on carefully controlled computer-generated faces—that is, without the visual “noise” introduced in natural photographs—suggest a two-factor model in which most of the variance in social attributions is described by dominance and trustworthiness ((n.d.-af)). Later work, using naturally varying images gathered from the internet, has also reported a structure using these two factors but with a third important judgment dimension: youthful attractiveness ((n.d.-ag)).

Social judgments of faces are made very fast. For example, people apply attributes to photographs shown for 100 ms, or even less, and these tend to not change given longer exposures. This implies a quite fundamental, reflexive relationship between the structure of the face and the nature of the attribution—the display time is simply too short to allow for more complex decision-making. There is also a high level of agreement among participants on these attributions. The same faces tend to be viewed as highly trustworthy, for example, by most viewers. Once again, this suggests a strong association between physical face structure and social judgments.

One of the most puzzling aspects of social perception is that the judgments made to faces have poor validity. Despite the fact that most people will agree about whether or not a person seems agreeable (say), there is very little correspondence between the attribution and the person’s actual agreeableness. This is an important concern because there is clear evidence that people are willing to make serious real-world decisions on the basis of their first impressions. For example, judgments of competence, made solely on someone’s face, have been shown to predict real election results ((n.d.-ah)), and judgments of facial trustworthiness predict real sentencing decisions ((n.d.-ai)). It is therefore critical that we understand the nature of these biases in settings where they have the potential to influence important social outcomes.



Automatic face recognition systems

Alongside research focused on understanding human face perception, a large body of work based in engineering and computer sciences aims to recognize faces accurately, without necessarily trying to emulate the human system. Automatic face recognition systems are now commonplace at passport checks, secure access locations, and on personal technology such as phones and laptops.

The development of deep convolutional neural networks (DCNNs) has led to striking improvements in face recognition technology in recent years. These systems are now able to recognize faces over natural variations in viewing conditions (e.g., lighting, viewpoint, expression, etc.) with high levels of accuracy. They are based on multiple highly interconnected layers of simple processing units that are trained on very large numbers of faces—typically millions gathered over the internet. In simple face-matching tasks (“do these two images show the same person?”), these systems are now reliably more accurate than most human viewers ((n.d.-aj)).

Automatic face recognition is normally used in settings in which a human viewer unfamiliar with the faces would traditionally make a decision (e.g., checking photo ID). While machines comfortably outperform most humans on such tasks, it remains unclear how they can perform against familiar viewers, who typically achieve very high accuracy rates when recognizing the people they know. Nonetheless, the high levels of accuracy in some face tasks have led some researchers to ask what is common between representations used in human cognition and in the DCNNs ((n.d.-ak); (n.d.-al)), and this remains an active research question in cognitive science. In more practical terms, the technology for face recognition is now ubiquitous in many countries, being widely used in security and law enforcement. While accuracy is high, systems are not perfect, and serious concerns have been raised about the potential for biases, particularly racial biases, reflecting the nature of the training sets on which these systems are based ((n.d.-am)).





Questions, controversies, and new developments


Are faces special?

One of the most controversial debates in the field of face perception has focused on the degree to which faces are “special” for perception. The key question is whether the human perceptual system has resources dedicated to face processing, including dedicated neural hardware, or whether the visual system is equipped with general mechanisms for making fine-scale discriminations between similar objects that are recruited by face perception but are also available for other visual discriminations we might make. For example, if someone is an expert in judging dog shows or collecting stamps, that person makes fine-scale discriminations among similar items (e.g., dogs, stamps), which might make perceptual demands similar to face perception. Brain systems could have evolved for more general purposes, which are then used for face perception, but not exclusively.

The debate around this issue has elicited strong arguments on either side ((n.d.-an); (n.d.-ao)). Evidence has been gathered from the study of visual experts in various specialties, neuroimaging, neuropsychological patients, and perception of artificial stimuli designed to capture some of the characteristics of faces. While the issue has not been conclusively resolved, the growing popularity of studies on individual differences suggests a rather isolated trait of face recognition, which does not correlate highly with other traits. However, since all such studies are inherently correlational, a final resolution seems unlikely. Many of the topics studied by researchers in face perception are orthogonal to the question of whether or not faces are special, and the field is now less focused on this question than in previous years.



The cognitive neuroscience of familiarity and learning

As discussed in the section Familiarity and recognition, there are large differences between the processing of familiar and unfamiliar faces—such that viewers are typically good at recognizing multiple photographs of a familiar person but show more image-specific responses to unfamiliar faces. These effects can be observed over a range of behavioral measures, including memory for faces, face matching, and identity sorting (i.e., categorizing together multiple photographs of the same person). We might therefore expect equally large effects in neuroimaging, for example, showing differences in activation levels of key brain areas when viewing unfamiliar versus familiar faces. Interestingly, results of studies seeking simple location-based neural correlates of face familiarity have been equivocal.

One approach to this puzzle has been to propose that studies based on regions of interest in the brain are too simplistic and that instead, a whole brain approach is more likely to reveal key differences between processing familiar and unfamiliar faces ((n.d.-ap)). Network analyses tend to reveal clearer effects of familiarity in the extended face processing network (see section The neural system supporting face perception) than the core visual areas. Of course, becoming familiar with new people involves much more than learning about their faces—we also come to learn information about them and perhaps develop an emotional response to them. One might therefore expect to see the involvement of extended network areas as we learn someone new, particularly in naturalistic settings rather than through tightly controlled laboratory-based exposure to repeated face images.

Studies of naturalistic learning are beginning to emerge, which track the perceptual changes that occur as a new person becomes familiar. For example, ERP evidence suggests that it can take many months to develop conceptual representations of new people but a shorter time to build robust visual representations of their faces ((n.d.-aq)). Such studies are consistent with neuroimaging research and reinforce the idea that there is no simple neural correlate of familiarity. Instead, what seems like a straightforward concept from behavioral evidence turns out to be more complex when studied physiologically.



Own- and other-group effects

It has been known for many years that memory for members of one’s own group is better than memory for people outside this group. Most of the research in this field has concentrated on the other-race effect, in which members of different ethnic groups show a memory advantage for faces of their own ethnicity ((n.d.-ar)). Though generally demonstrated in memory experiments, this effect is also present for other tasks such as face matching or making perceptual decisions about composite faces. Explanations for the other-race effect have typically focused on perceptual experience; for example, the faces one sees while growing up will vary in particular ways, so viewers become sensitive to variation along those dimensions but not the dimensions along which faces from another ethnicity vary ((n.d.-as)). This is consistent with studies showing that children adopted between different cultural contexts show reversed other-race effects, taking on the same patterns of memory as the adoptive culture ((n.d.-at)).

In fact, analogous face processing biases are also observed elsewhere. For example, both own-age and own-gender biases have been reported, each of which could plausibly arise from differential experience. However, a challenge to the perceptual account of these effects arises from studies that show similar biases across social groups. For example, when shown faces ostensibly from one’s own or another university, students tend to remember the faces from their own institution, suggesting that in-group faces are encoded better than out-group faces, independently of any physical differences. Furthermore, the other-race effect can be eliminated by instructing viewers explicitly to individuate all faces when encountering them for the first time—suggesting that people may not dedicate as much attention to out-group faces, leading to subsequent poorer memory for them.

The explanation for these effects remains contentious, and there have been some attempts to integrate theories ((n.d.-au)), though other-race effects have been easier to replicate than some other-group effects, suggesting they may be more robust. Furthermore, an analogous problem in automatic face recognition has recently arisen (see section Automatic face recognition systems). The accuracy of algorithms in everyday use is affected by the training set faces used to build face recognition systems, and this can lead to biased outcomes—an issue of pressing concern to current developers of these systems ((n.d.-av)).





Broader connections

While the study of face perception has its beginnings in witness reliability, there remain strong ties between those attempting to understand how human viewers process faces and those working in judicial and security settings. Despite advances in other biometrics, including fingerprint, iris, and voice recognition, faces are still an important cue used to identify people in many settings. The psychological study of individual differences has supported the development of recruitment tools for people working in these fields, and the use of combined human/computer decision-making is under active investigation.

A common criticism of laboratory-based research in face recognition is that the tasks used in experiments typically do not reflect recognition in the real world adequately. When we recognize someone in the workplace, for example, we might simultaneously have access to information about their face, voice, gait, and clothing and contextual information about where we expect to meet particular people. There is a substantial body of research in voice recognition that shares many of the same problems with face recognition. For example, to recognize speakers, we must be able to tell people apart (to the extent that different people sound different) and tell them together (to the extent that the same person can sound different on different occasions). How information is combined across audio and visual channels, and the potential use of real-life redundancy across identity cues, is an active topic for current research ((n.d.-aw); (n.d.-ax)).

More broadly, the study of face recognition is beginning to move out of the laboratory and into natural settings. As with other areas of cognition, there is a growing acknowledgment that the advantages of laboratory experiment (e.g., the ability to control stimuli precisely) can sometimes obscure key aspects of the problem under study. In the engineering domain, face recognition “in the wild” ((n.d.-ay)) has now become the standard problem to be solved. This is not yet the case for studies of human cognition, where demands of experimental control, and particularly replicability, make real-world studies difficult to carry out. Nevertheless, there is a growing acknowledgment that to understand how we recognize people, it will be necessary to combine our knowledge from multiple sources, including detailed study of real-life recognition.
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