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Abstract

A recent paper in this journal reports two event-related potential (ERP) experiments interpreted as

supporting the domain specificity of the visual mechanisms implicated in processing faces (Cogni-

tion 83 (2002) 1). The authors argue that because a large neurophysiological response to faces

(N170) is less influenced by the task than the response to objects, and because the response for

human faces extends to ape faces (for which we are not expert), we should reject the hypothesis that

the face-sensitivity reflected by the N170 can be accounted for by the subordinate-level expertise

model of object recognition (Nature Neuroscience 3 (2000) 764). In this commentary, we question

this conclusion based on some of our own ERP work on expert object recognition as well as the work

of others. q 2002 Elsevier Science B.V. All rights reserved.
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The N170 is the first posterior negative deflection following the visual presentation of a

picture of a face, peaking at occipito-temporal sites at around 170 ms (Bentin, Allison,

Puce, Perez, & McCarthy, 1996; Bötzel, Schulze, & Stodieck, 1995). Bentin et al. (1996)

characterized the response properties of the N170 using a target detection task in which

various pictures of faces and other objects (e.g. flowers, cars) were presented and subjects

were monitored for the appearance of butterflies (target) in the sequence. In that early

study, the N170 response was small or described as absent for non-face stimuli as the

negative deflection did not cross the zero baseline level of the EEG. Since then, several

event-related potential (ERP) studies have described large and clear negative N170

components following the presentation of faces as well as non-face objects (e.g. Curran,
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Tanaka, & Weiskopf, in press; De Haan, Pascalis, & Johnson, 2002; Eimer, 2000a,b;

Rossion, Gauthier, Goffaux, Tarr, & Crommelinck, 2002; Rossion et al., 2000; Tanaka

& Curran, 2001; Taylor, McCarthy, Saliba, & Degiovanni, 1999). N170 responses are

recorded for objects (e.g. houses, chairs, cars, birds, dogs, shoes, or novel objects such as

Greebles or 2D “blob” shapes) often at latencies comparable to faces but always at lower

amplitudes. N170 responses of large amplitude are also recorded in response to visually-

presented words (Bentin, Mouchetant-Rostaing, Giard, Echallier, & Pernier, 1999).

Alternative theoretical interpretations exist for explaining N170 differences between

faces and other objects. Carmel and Bentin (2002) (C&B) suggest that their “results

demonstrate the domain specificity of the visual mechanism implicated in processing

faces, a mechanism which is not influenced by either task or expertise” (C&B, abstract).

This “domain-specific” account can be contrasted with the “subordinate-level expertise”

account (Rossion et al., 2002; Tanaka & Curran, 2001). First, the N170 can vary widely in

amplitude for different object categories (e.g. chairs vs. cars; Rossion et al., 2000),

suggesting that it could be generally related to object categorization (for a similar argu-

ment in fMRI, see Haxby et al., 2001) and that the processes reflected by the N170 are not

uniquely engaged by faces (see Tovée, 1998). Second, the N170 increases in amplitude

when the same object is categorized at the subordinate vs. the basic level (e.g. beagle vs.

dog; Tanaka, Luu, Weisbrod, & Kiefer, 1999), and when dog and bird experts – who

recognize their objects of expertise automatically at the subordinate level – are presented

with their objects of expertise (dogs/birds; Tanaka & Curran, 2001). Together with other

recent studies (e.g. Curran et al., in press; De Haan et al., 2002; Rossion et al., 2002) this

suggests that the N170 reflects the activation of many different sub-processes (and areas)

in the occipito-temporal pathway, and can be used as a tool to study the parameters

affecting entry-level object categorization, including faces. Among these parameters,

the level of categorization and degree of visual expertise seem critical in the increase of

amplitude of the N170, and in explaining at least part of the difference between faces and

objects (see Tarr & Gauthier, 2000).

The experiments reported by C&B aimed to challenge the subordinate-level expertise

view by showing that the N170 is immune to task factors and the level of expertise for

faces. The first experiment reported by C&B included two tasks: (1) a ‘car-monitoring

task’, in which participants were shown photographs of four equally probable categories

(human faces, birds, cars and furniture items), and instructed to detect cars; and (2) an

animacy decision task, in which the same four types of stimuli were presented and parti-

cipants categorized each object as animate or inanimate. In both tasks, faces elicited a

larger N170 component than cars (the pre-determined target in the first task), which was in

turn larger than for birds and furniture. The amplitude difference between faces and cars

was especially reduced in the car-monitoring task, being only significant at the mastoid

sites. Interestingly, the larger N170 for cars compared to other non-face categories was

also found in the animacy detection task, when cars were not the target of interest.

However, the larger N170 for cars in the animacy detection task was found only in

participants who performed the car detection task first (the order of task was counter-

balanced across subjects). Moreover, cars were the only stimuli to present an amplitude

modulation due to the task, with the N170 to faces immune to task effects. According to

C&B, these results support the domain-specificity hypothesis because the N170 to faces is
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immune to strategic manipulations, whereas the N170 to other categories can be influ-

enced by task or attentional factors, suggesting that it does not represent the same

processes.

These results are interesting, particularly the fact that participants who performed the

car-monitoring task first somewhat ‘carried out’ the ERP effect to the second task. This

demonstrates how task factors can be important in modulating the response of relatively

early visual potentials, even implicitly. However, our interpretation is that these results do

not truly challenge the “subordinate-level expertise” model. This first experiment shows

that attending to cars increases the N170 response for cars: this is consistent with the

extensive literature showing increases of amplitude for early visual potentials when

objects are attended vs. unattended (for a review, see e.g. Luck, Woodman, & Vogel,

2000). C&B argue that the N170 response to faces is immune to attentional modulation or

task factors, but unfortunately they did not include an explicit manipulation of the atten-

tional load on faces (no behavioral data were reported either).1 In fact, in a previous ERP

study, when the attention load to centrally-presented faces was explicitly manipulated,

attention enhanced the amplitude of the N170 to faces but did not affect the N170 ampli-

tude to chairs (Eimer, 2000b). This suggests that attention can modulate the N170 to both

faces (Eimer, 2000b) and other objects (C&B), making this issue a moot point in terms of

comparing the domain-specific view to the subordinate-expertise level alternative.

Furthermore, differentiating face and object processing by task factors is complicated

by several considerations. Faces, contrary to most common objects, are categorized auto-

matically at the individual level (Tanaka, 2001). As a result, instructions to categorize

faces at different levels (e.g. “detection” vs. “individualization”) may not necessarily

influence face processing and its neural correlates (Tarr & Gauthier, 2000). The primacy

of the individual level, leading to smaller effects of task manipulations, is also observed for

non-face objects in cases of visual expertise (Gauthier, Skudlarski, Gore, & Anderson,

2000; Gauthier, Tarr et al., 2000; Tanaka & Taylor, 1991). This has at least two important

consequences. First, if faces call automatically for attention (Cauquil, Edmonds, & Taylor,

2000) and/or automatized expertise-related processes (Tanaka, 2001), it is expected that

the N170 to faces will show little modulation by task factors (see Gauthier, Tarr et al.,

2000, for relevant evidence in a fMRI study). Second, comparing faces and objects in

passive presentation paradigms or oddball tasks (when the objects compared require no

response or have to be ignored) may not be adequate because faces or objects of expertise

will automatically recruit additional processes as compared to categories for which one is

not expert. Therefore, attentional effects (or the lack thereof) due to task instructions need

to be interpreted in the context of attentional differences due to one’s acquired processing

biases for a category.

The second ERP experiment reported by C&B aimed at testing directly the role of visual
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faces. They then compared the N170 responses to human faces between experiments, showing no modulation of
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of targets differed between experiments (cars were 25% in the first experiment, whereas human faces were 50% in
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before Experiment 2 in the same session (confounding the order of experiments).



expertise in shaping the N170 response. Interestingly, a recent study (Tanaka & Curran,

2001) revealed that the N170 amplitude is larger for bird and dog experts than novices for

these categories. Another recent study (Rossion et al., 2002) demonstrated that picture-

plane inversion of artificial non-face objects of expertise (i.e. Greebles) leads to a delay of

the N170, similarly to what is usually found only for face inversion (De Haan et al., 2002;

Eimer, 2000a; Rossion et al., 1999, 2000; Sagiv & Bentin, 2001). However, C&B’s

experiment differed notably from these studies in that it included a manipulation of the

level of expertise within the face domain, by comparing the N170 to facial configurations

for which we are experts (human faces) to facial configurations for which we are suppo-

sedly not experts (ape faces). The reasoning was that if expertise accounts for face speci-

ficity, the N170 elicited by human faces should be clearly distinguished from that elicited

by ape faces. In contrast, the N170 should be similar for these two categories if the N170

response depends merely on the presentation of a face configuration. In this study, parti-

cipants performed a “human face-monitoring task”, pressing a key for human (but not for

ape) faces. The choice of this task is surprising because it gives a different status to the two

types of stimuli compared within the experiment, but justified by the goal of comparing the

effect of explicit attention to a (human) face on the N170 in this experiment to the N170

obtained in the previous experiment (when faces were not the center of attention).

The N170 elicited by ape faces in human participants was as conspicuous as that elicited

by human faces, or even larger (although not significantly), and significantly delayed

(about 10 ms). According to C&B, this result suggests that the perceptual mechanism

associated with the N170 is selectively engaged by human faces and by other stimuli that

preserve perceptual characteristics of the human face, independently of expertise. This

interpretation is questionable for several reasons. First, C&B’s study does not manipulate

the effect of expertise (or does it only to the extent that it is confounded with differences

between categories). There is no independent measure of subjects’ ability to discriminate

the different stimuli, or the extent to which they are processed in a holistic manner (see

Gauthier, Skudlarski et al., 2000; Gauthier & Tarr, in press for correlations between

measures of expertise and holistic processing as well as with neurophysiological responses

in face-selective areas). Expertise claims have been made previously by comparing groups

of experts and novices on the same stimuli and/or empirically using well-established

behavioral criteria to define the level expertise (Gauthier et al., 1998; Gauthier, Skudlarski

et al., 2000; Gauthier & Tarr, 1997, in press; Gauthier, Tarr et al., 2000; Rossion et al.,

2002; Tanaka & Curran, 2001; Tanaka & Taylor, 1991). We believe that direct demon-

strations that the N170 is influenced by expertise (Rossion et al., 2002; Tanaka & Curran,

2001) outweigh the single null result reported by C&B. Second, contrary to what is

advanced by C&B in their paper, behavioral experiments comparing human and

monkey/ape faces do support the expertise hypothesis. For instance, the face inversion

effect in animals and humans is found only for faces for which subjects have developed an

expertise, providing that faces of the same ape species are grouped together (see Parr,

Dove, & Hopkins, 1998). Finally, it is worth noting that C&B do actually find a significant

N170 latency difference between human and ape faces (a 10 ms delay for ape faces) that

would make sense in terms of the subordinate-level expertise model. This point can be

better illustrated by referring to another ERP study also using monkey faces which was

coincidentally published the same month as C&B’s paper (De Haan et al., 2002). In this
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study, the N170 was recorded to the presentation of human and monkey faces, presented

both upright and inverted, and in both human adults and infants. In adults, the N170 to

upright monkey faces was of larger amplitude and longer latency than for human faces.

These results are consistent with C&B who found a similar (though non-significant)

amplitude difference as well as a consistent significant (10 ms) latency difference.

However, the addition of inverted faces allowed De Haan et al. to draw a different

conclusion: when human faces are presented upside-down, they also elicit an amplitude

increase and delay (10 ms): the electrophysiological response for inverted faces comple-

tely overlaps with monkey faces. This inversion effect for human faces is well documented

(e.g. Eimer, 2000a; Rossion et al., 1999, 2000; Sagiv & Bentin, 2001; see Rossion &

Gauthier, 2002 for a review). As would be predicted by the expertise model, inversion did

not affect the N170 to monkey faces in the De Haan et al. (2002) study. In sum, the N170

amplitude was different for upright faces than other stimuli (monkey faces upright and

upside-down, and human faces upside-down), and inversion increased the amplitude and

latency only for human faces. Supported further by ERP results from 6-month-old infants,

which showed that a possible infant analog of the N170 was larger for human faces than

objects but showed no inversion effect, De Haan et al. (2002, p. 206) concluded that

“experience drives the specialization of the N170”. Similarly, C&B’s results of a latency

difference between monkey and human faces at the level of the N1702 can be interpreted as

indicating that our expertise with human faces does not generalize completely to inverted

faces, or to ape faces.

Finally, C&B discuss the different latency and scalp distribution of the N170 to faces

and what they refer to as a visual “negative-going” component or N1 for objects. The

question of what defines a component and when two ERP deflections can really be

considered as different components is beyond the scope of this commentary (see Rugg

& Coles, 1995). The N170 is the first negative posterior deflection that can be observed at

occipito-temporal sites following the presentation of any 2D shapes, or even strings of

letters (Bentin et al., 1999), and should accordingly be called a visual (posterior) N1

component. First, it should be noted that the N1/N170 does not peak earlier for faces

than objects in most ERP studies (e.g. Eimer, 1998, 2000a; Rossion et al., 2000). In fact,

the N170 can peak earlier for some object categories than for faces, and later for others

(see Rossion et al., 2000 for a comparison with several object categories) and the latency

variability of this component between object categories could easily be due to low-level

visual differences between pictures such as contrast, luminance and spatial frequencies.3

Second, given the multiple visual extrastriate areas activated in interlocked time courses

following the presentations of visual stimuli, it is unlikely that this large component

reflects a single processing stage originating from a particular brain structure (see

Regan, 1989).4 It is thus plausible that differences in the number and locations of sources
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faces, but no significant increase of amplitude.
3 Note for instance that the N1/N170 delay for pictures of objects relative to faces in C&B’s study appears to

start at the level of the preceding P1.
4 A point also emphasized by Sagiv and Bentin (2001).



contributing to the N1/N170 associated with different stimuli and tasks will give rise to

some changes in the scalp distribution of this component. Similarly to its amplitude, the

topography of the N1/N170 can appear slightly different between faces and objects, but

also between different object categories (Rossion et al., 2000). Should we thus give a

different label to this component for each type of visual stimulus to which it is evoked?

Most ERP studies of visual processing record a clear negative N1/N170 component to

pictures of non-face objects, and in our own studies (carried out with at least 64 channels),

the topographical distribution of the N1/N170 is highly similar for faces and other object

categories (e.g. see Rossion & Gauthier, 2002, Fig. 2). In any case, given the poor spatial

resolution of ERPs, it is impossible to know whether ERP components in two conditions,

even if identical in topographical distribution, latency and amplitude, represent the activity

of the exact same neural network. Similarly, it is impossible to argue conclusively that

ERP components in two conditions (here the N1/N170 to faces and objects) reflect the

activity of completely independent neural networks because of differences in their scalp

distribution. In summary, although the question of whether faces and objects of expertise

recruit the activity of functionally overlapping neural substrates is an important question,

the scalp distribution differences between faces and objects in novices emphasized5 by

C&B also present a moot point to resolve the debate between domain-specific and exper-

tise accounts.

In conclusion, Carmel and Bentin (2002) offer a multifaceted attack on the subordinate-

expertise account of the face-selectivity observed in the N1/N170. Unfortunately, their

arguments made on the basis of attentional effects, the human response to ape faces and the

scalp distribution of the N1/N170 response for faces and objects do not support the

domain-specificity hypothesis. It is worth pointing out that the subordinate-expertise

account of face-selectivity remains the only account of the development of this phenom-

enon, outside of the possibility that face-selectivity is rooted in an innate mechanism tuned

to the face geometry. C&B do not challenge the existence of expertise effects on an object-

elicited potential that is at the least extremely similar in space and time to the face N170. In

this context, a new empirical question arises: is expertise the common cause for face-

selectivity and selectivity to objects of expertise, or do we need to invoke two mechan-

isms, one innate and the other rooted in experience, to explain phenomena that are so

similar?
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