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ABSTRACT

Previous neural research on face perception has mainly focused on the distinction between faces and
non-face stimuli. However, the brain mechanisms for differentiating one face from another are not well
understood. In the present study, using scalp-recorded event-related potentials (ERPs), we investigated
the brain responses to faces that varied in identity strength as a result of morphing individual faces to
an “average” face in steps of 10%. Participants performed a face identification task. Behavioral results
showed categorical boundaries of face identification at 30% and 70%. Face identity strength related to ini-
tial brain responses occurring shortly after 200 ms in the ventral P2 and the N250 components: stronger
identity strength was associated with a smaller P2 and a larger N250. In contrast, the brain responses
within 200 ms, as reflected by the P1, the N170, and the dorsal P2 component, were not affected by face
identity strength. Consistent with recent imaging studies and animal research, our results provide the
ERP evidence for brain responses to variations in face identity strength relative to an “average” face. Fur-
thermore, with the high temporal resolution of ERPs, our results help to clarify the timing of neural events
that are associated with the different stages involved in recognizing individual faces, thus providing a

timeline for the classical face recognition model in the brain.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Numerous behavioral and neuropsychological studies have pro-
vided evidence that adults’ perception of faces is different from
their processing of other visual stimuli. Adults rapidly detect that
a stimulus is a face even when realistic features are not physically
present, so long as the face-like configuration of two eyes above
a nose above a mouth can be inferred. For example, they can see
a face in paintings by Archimbaldo consisting of only fruits and
vegetables and in two-tone Mooney stimuli in which black and
white shadows lead to the perception of a face. Adults process faces
holistically (Tanaka & Farah, 1993; Young, Hellawell, & Hay, 1987)
and are sensitive to small differences among faces in the shape
of individual features and the spacing among them (Freire, Lee, &
Symon, 2000; Mondloch, Le Grand, & Maurer, 2002; reviewed in
Maurer, Le Grand, & Mondloch, 2002). Collectively, these behav-
ioral skills allow adults to extract a wealth of information each
time they encounter a human face (e.g., age, race, gender, emo-
tional expression). Most notably, adults are able to recognize the
identity of hundreds of faces at a glance and they can do so under
poor lighting conditions, from numerous viewpoints, and after a
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face has aged by several years, at least for the kinds of faces they
encounter on a daily basis (e.g., upright same-race faces).

Although behavioral researchers have investigated each aspect
of face perception quite thoroughly, neural research on face pro-
cessing with both humans and non-human primates has primarily
investigated the neural markers that distinguish faces from non-
face objects (Allison et al.,, 1994; Bentin, Allison, Puce, Perez, &
McCarthy, 1996; Botzel, Schulze, & Stodieck, 1995; Desimone,
Albright, Gross, & Bruce, 1984; Kanwisher, McDermott, & Chun,
1997; McCarthy, Puce, Gore, & Allison, 1997; Perrett, Rolls, & Caan,
1982; Puce, Allison, Gore, & McCarthy, 1995; Rolls & Baylis, 1986;
Tsao, Freiwald, Tootell, & Livingstone, 2006). As a result, several
brain regions (e.g., middle fusiform gyrus, inferior occipital gyrus,
and superior temporal sulcus) and electrophysiological signals (e.g.,
the intracortical N200 and the scalp-recorded N170) have been
found to respond more strongly to faces than to non-face objects. In
contrast to the face versus non-face distinction, however, much less
is known about the neural mechanisms underlying the perception
and recognition of individual faces within the face category.

To account for adults’ expertise in face recognition, Valentine
(1991) proposed a norm-based coding mechanism, a process by
which individual faces are compared to a norm (prototype) that
represents the average of all faces previously encountered. In his
model, each face is represented as a point in a multi-dimensional
face space; the origin of the face space corresponds to the proto-
typical face and the location of each face represents how and how
much that face deviates from the average. Faces near the norm are
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rated as more typical/attractive than faces that are far from the
norm and they are categorized more quickly in a face/nonface task.
In contrast, faces far from the norm are recognized more quickly
than typical faces, perhaps because they reside in a less populated
area of face space (Valentine & Bruce, 1986; but see Burton & Vokey,
1998, for evidence suggesting that distance from the norm and local
density may be sufficient to produce differences in the recognition
of typical versus distinctive faces).

Recently, two studies have tested Valentine’s norm-based
model at a neural level. Their results indicate that neural activity
increases as a function of face identity strength, i.e., as a function
of how much individual faces differ from an average face (Leopold,
Bondar, & Giese, 2006; Loffler, Yourganov, Wilkinson, & Wilson,
2005). In each study, identity strength was manipulated by vary-
ing the relative weighting of an individual face versus the average
face. Using synthetic faces of different identities, Loffler et al. (2005)
reported greater BOLD responses from fusiform face area (FFA) as
identity strength increased. Loffler et al. concluded that the BOLD
response elicited by a face reflects the distance of the face from the
average face because (a) the BOLD response did not increase as a
function of the distance from a non-average face and (b) adapta-
tion to a single facial identity reduced the BOLD response to other
faces along the same identity trajectory, but not to faces along dif-
ferent trajectories. Similarly, in a single-cell recording study with
monkeys, Leopold et al. (2006) found that neural responses from
anterior inferotemporal cortex became stronger as face identity
strength increased. Although these studies indicate that the mag-
nitude of neural activity may code for identity strength, which is
consistent with Valentine’s norm-based coding model, the tem-
poral parameters of individual face perception remain unclear.
The goal of the current study was to examine the timing of brain
responses to face identity strength using scalp-recorded ERPs.

There is some evidence that the face-sensitive N170 component,
traditionally interpreted as a neural marker for structural encoding
of faces (Eimer, 2000b), may also be sensitive to visual face iden-
tities. When the same identity is presented on consecutive trials,
the amplitude of the N170 is reduced relative to when two differ-
ent identities are presented (Caharel, Jiang, Blanz, & Rossion, 2009;
Campanella et al., 2000; Jacques & Rossion, 2006; Jacques, d’Arripe,
& Rossion, 2007; but see Schweinberger, Huddy, & Burton, 2004;
Schweinberger, Pickering, Burton, & Kaufmann, 2002), even when
the viewpoints are different across presentations (Caharel, d’Arripe,
Ramon, Jacques, & Rossion, 2009). This adaptation effect on N170
may occur as early as 160 ms post face onset (Caharel, d’Arripe,
etal., 2009; Caharel, Jiang, et al., 2009; Jacques et al., 2007). In addi-
tion, when a face discrimination task was made more difficult by
rotating the faces away from their canonical upright orientation,
N170 amplitude increased along with error rates and reaction times
(Jacques & Rossion, 2007).

However, these immediate repetition effects on the N170 may
not indicate that the N170 reflects individual face recognition;
rather, the N170 may reflect the processing of individual facial
characteristics (Eimer, 2000b; Zheng, Mondloch, Nishimura, Vida,
& Segalowitz, 2011), and adaptation to the face category (Eimer,
Kiss, & Nicholas, 2010). First, although N170 adaptation for upright
faces is larger when the adaptor is a face than when the adaptor
is a house, N170 adaptation occurs when the test face is preceded
by an adaptor stimulus of a different facial identity and the mag-
nitude of this effect is independent of whether the adaptor is an
upright face, an inverted face, a face without eyes, or eyes only
(Eimer et al., 2010; see Harris & Nakayama, 2007, 2008, for similar
results using MEG technology). Second, N170 is not influenced by
face identity when faces are presented in a random order; under
these conditions only later ERP components are influenced by iden-
tity (Bentin & Deouell, 2000; Eimer, 2000a; Gosling & Eimer, 2011;
Kaufmann, Schweinberger, & Burton, 2008; Rossion et al., 1999;

Tanaka, Curran, Porterfield, & Collins, 2006). Given that the prim-
ing effects on later ERP components are robust even when the prime
(e.g.,apicture of Nancy Reagan) shares no facial characteristics with
the target (e.g., Ronald Reagan) (Schweinberger, Pfiitze, & Sommer,
1995), it is thus possible that modulation of the N170 reflects brain
processes related to the encoding of facial characteristics (Eimer,
2000b; Zheng et al.,2011) and that modulation of later components
(e.g.,N250) reflects brain processes related to the visual recognition
of a face.

To further explore the temporal parameters of visual face recog-
nition we adopted a method previously used to study the influence
of face identity on the BOLD signal (Loffler et al., 2005) and single-
cell activity (Leopold et al., 2006). Specifically, we investigated the
influence of variation in identity strength relative to an average
face on the magnitude of early ERP components (P1, N170, P2,
N250). We manipulated face identity strength by first constructing
an “average” face based on 32 individual female faces; each indi-
vidual face was then morphed with this “average” face to produce
continua of face identity (Fig. 1a and b). The relative weighting of
an original face in these morphed faces ranged from 100% to 0% in
10% decrements. Participants performed a face identification task,
in which they were instructed to press a button whenever they felt
that they had detected a target face or a face that looked like a target
face (see Fig. 1c). We predicted that the amplitude of one or more
ERP components would increase with identity strength. Our pri-
mary question was whether this effect would be observed as early
as in the N170 or only in later components.

2. Materials and methods
2.1. Participants

Seventeen Caucasian female undergraduate students (mean age=20.4+1.5
years) at Brock University participated in the current ERP study for either a research
credit or a $15 honorarium. All participants were right-handed native English
speakers with normal or corrected-to-normal vision. No participants reported any
neurological disorders, psychiatric history, or attentional problems. The experi-
mental procedures were approved by Brock University Research Ethics Board, and
written informed consent was obtained from all participants.

2.2. Stimuli

The experimental stimuli included 36 individual female faces (original)
unknown to participants (see Supplementary Fig. 1 for the complete set of face
stimuli) and their morphed versions that were created by gradually morphing each
original face with an “average” of the 32 individual faces in steps of 10% using Nor-
rkross MorphX® software. Four faces and their morphed versions served as targets in
a face identification task, and the other 32 faces and their morphed versions served
as non-targets. The “average” face was constructed using non-target original faces
(see Supplementary Text 1 for details). For each original-average face pair, over 140
reference points were placed at various regions (e.g., eyes, eye brows, nose, mouth,
cheeks, and face contour) on both faces (see Fig. 1a for the placement of reference
points for an original-average face pair). Based on these reference points, the original
faces (including both target and non-target faces) were morphed with the “average”
face in steps of 10% to generate continua of morphed faces that vary in the amount
of identity strength they carry, ranging from 100% (i.e., an original face) to 0% (i.e.,
the “average” face in this study) (see Fig. 1b for an example).

A black background with a diamond-shape cut out in the middle was placed
on top of each face stimulus to exclude non-facial information (e.g., hair); the posi-
tion of a face stimulus within the outline was vertically adjusted so that the eye
region was at approximately the same level and did not differ systematically across
faces that varied in face identity strength. In addition, because the overall average
face was based on the averaging of 32 original faces, it appeared to be smooth and
slightly blurry. As a result, the “smoothness” and “blurriness” of the morphed faces
increased as facial identity decreased. To address this issue, we applied a Gaus-
sian filter to each face stimulus using Adobe® Photoshop® software. The radius of
filtering ranged from 0.1 to 1.0. The original faces were filtered to the maximum
degree with less filtering applied as identity strength decreased. All face stimuli
were approximately equal in size (7.4-8.1 cm for width; 9.2-10.8 cm for height)
and viewed at a distance of 100 cm, subtending a visual angle of 2.4°-2.6° (horizon-
tally) by 2.9°-3.4° (vertically); the faces along the same identity trajectory are equal
in size.



X. Zheng et al. / Neuropsychologia 50 (2012) 1451-1461

1453

100%

0% 80% 0% 60%

50% 40% 30% 20% 10% 0%

500 ms 500 ms

500 ms 500 ms 500 ms

BEIITE

TargetFace

Fig. 1. Examples of face stimuli and the trial procedure for face identification task. (a) Based on over 140 reference points, an original face (left) were morphed with the
“average” face (right) to produce a continua of faces varying in identity strength; the “average” face was constructed with 32 faces of different identities. (b) Examples of the
morphed faces along one identity trajectory, decreasing in identity strength in steps of 10%. (c) At the beginning of each block, a target face was shown for visual inspection;
during the task, the face stimuli were presented sequentially, and participants were instructed to press a button whenever they felt that they had detected a target face or a

face that looked like the target; both response time and accuracy were emphasized.

2.3. Face identification task

Participants performed four blocks of a face identification task. At the beginning
of each block, a target face (original) was presented, and participants were given
as much time as needed to visually inspect and memorize the target face. On the
following trials, a face stimulus was presented in the center of a computer screen for
500 ms, followed by a randomly selected interstimulus interval (ISI) of 600, 700, or
800 ms. Participants were instructed to press either a left or a right button, counter-
balanced across participants, whenever they felt that they had detected a target face
or a face that looked like the target (i.e., another face on that same identity trajec-
tory). Responses could be made either during the presentation of a face stimulus or
during the ISI. Both response speed and accuracy were emphasized (see Fig. 1c for
the trial procedure).

Each block consisted of 220 trials, including one target face and its morphed
versions (including the “average” face) each presented four times, and 16 non-target
faces and their morphed versions (including the “average” face) each presented
only once. The order of presentation within each block was randomized. A different
target face was used in each of four blocks. Each of the 32 non-target faces and their
morphed versions appeared in two blocks (e.g., blocks 1 and 3 or blocks 2 and 4); the
blocks in which a stimulus (including both target and non-target faces) appeared
was counter-balanced across participants.

2.4. EEG recording and data analyses

The EEG was recorded from an elastic net (Electrical Geodesics, Inc.) contain-
ing 128 silver chloride-plated electrodes embedded in sponges. Recorded EEG was
referenced to the vertex (Cz) and amplified by Net Amps 200 (band-pass filter
0.01-100 Hz; digitized sampling rate 500 Hz; impedance below 50 kS2). Eye move-
ments and blinks were monitored by electrodes placed below and beside each
eye. Raw EEG data were segmented into epochs starting 200 ms before and end-
ing 800 ms after stimulus onset. Trials were visually inspected for contamination
by movements and were manually rejected. The number of trials rejected did not
differ across conditions (F(10, 160)<1.0, p=.454), and there were approximately
58 trials (i.e., 91.2% of the 64 non-target faces at each identity strength level, with
a range of 89.7-92.2%) in each averaged ERP for each morphing condition. Trials

containing eye artifacts were corrected using the artifact correction method pro-
vided by BESA 5.1 software (MEGIS Software GmbH). The 128-channel data were
subsequently transformed through spherical spline interpolation (Perrin, Pernier,
Bertrand, & Echallier, 1989) to the standard 81 electrode montage according to the
expanded 10-10 system (Nuwer et al., 1998).

The amplitudes of ERP components were measured as the positive or negative
deflections relative to the prestimulus baseline of 200 ms. Specifically, the P100
was measured as the maximum peak positivity between 80 and 130 ms at occipital
sites (PO3, 01, 09 for the left and PO4, 02, 010 for the right). The N170 compo-
nent was measured as the maximum peak negativity between 140 and 190 ms at
occipitotemporal sites (P7, P9, PO7, PO9 for the left sites and P8, P10, PO8, PO10
for the right sites). The P2 component was separated into an early (190-230 ms)
and a late (230-270ms) time window. The early P2 (dorsal P2) was measured as
the mean amplitude between 190 and 230 ms at parietal-occipital sites (CP3, CP1,
P1, P3, PO3 for the left and CP2, CP4, P2, P4, PO4 for the right); the late P2 (ventral
P2) was measured as the mean amplitude between 230 and 270 ms but at more
ventral sites (P5, P7, PO7, PO9 for the left and P6, P8, PO8, PO10 for the right). Fol-
lowing the ventral P2 component, the N250 was measured as the mean amplitude
between 270 and 330 ms at occipitotemporal sites (P7, P9, TP9, PO9 for the left and
P8, P10, TP10, PO10 for the right) (see Fig. 2 for the representative ERP waveforms of
each component). All ERP components were first measured at individual electrode
sites on both the left and the right sides; the most positive (P100, P2) and the most
negative (N170, N250) values of those individual measurements for each side were
then used to represent the components. Because all face stimuli elicited the P100
very close to 120 ms (sd ~ 1 ms) and the N170 very close to 168 ms (sd ~ 1.5 ms), the
peak latencies of these two components were not further analyzed in relation to
face identity strength. To investigate the timing of face identity strength affecting
ERP responses, we correlated the amplitude of each ERP component (P100, N170,
early and late P2, N250) with face identity strength (from 100% to 0% in decrements
of 10%) for each participant. After Fisher transformation, the individual correlation
coefficients were then analyzed with single sample t-tests to examine whether there
was a significant relationship between face identity strength and ERP components
across all participants as a group. For each participant, the ERPs used for these anal-
yses were averages of 32 non-target faces and of their morphed versions. The same
analyses were performed separately for the montages on the left and the right sides.
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Fig.2. Therepresentative ERP waveforms for the P100(80-130 ms), N170(140-190 ms), dorsal P2 (190-230 ms), ventral P2 (230-270 ms)and N250 (270-330 ms) component,
averaged for non-target faces with either high-, medium-, or low-identity strength (see Section 2).

The target faces and their morphed versions were excluded from the correlational
analyses, because the number of trials for producing ERPs was rather small (16 trials
at most) for each identity strength level, they were excluded from the correlational
analyses.

When a significant relationship was found between face identity strength and
ERP components across participants, we further assessed its consistency across indi-
vidual faces. Because each non-target face stimulus and their morphed versions were
presented only twice during the entire task, the number of trials for generating
ERPs was small. Consequently, we randomly paired non-target faces and combined
ERP responses to each pair and to their morphed versions accordingly. With single
sample t-tests, the final face-based analyses were performed on the individual cor-
relation coefficients (per face pair) between face identity strength and the amplitude

of ERP components (averaged over all participants) of 16 combined non-target face
pairs.

3. Results
3.1. Behavioral results
Averaged across all participants, accuracy in detecting target

faces followed a cubic function with face identity strength (Fig. 3)
(for target face 1, p=.010; for target face 2, p=.014; for target face
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Table 1
The relationship between face identity strength and the ERP amplitudes for each component further separate by the left and right hemisphere.
Face identity strength Face identity strength
Linear Quadratic Cubic Linear Quadratic Cubic
P1
Left p=.353 p=.136 p=.163 p=.272 p=.462 p=.270
Right p=.525 p=.335 p=.971 p=.100 p=.956 p=.705
N170
Left p=.623 p=.478 p=.891 p=.291 p=.838 p=.122
Right p=.554 p=.147 p=.554 p=.201 p=.613 p=.501
Dorsal P2
Left p=.124 p=.348 p=.574 p=.107 p=.341 p=.945
Right p=.379 p=.708 p=.474 p=.954 p=.765 p=.667
Ventral P2
Left p=.016 p=.648 p=.560 p=.043 p=.334 p=.746
Right p<.001 p=.683 p=.507 p<.001 p=.859 p=.531
N250
Left p=.090 p=.263 p=.956 p=.106 p=.296 p=.502
Right p=.001 p=.920 p=.689 p=.002 p=.460 p=.441
(based on individual participants) (based on individual faces, with target faces excluded)
Target face 1: R? Cubic = 0.983 observations were subsequently examined and confirmed by the
1007 Target face 2: R? Cubic = 0.963 ANOVA analyses with repeated measures (see Supplementary Text
Target face 3: R? Cubic = 0.987 RO 2 for the results).
Target face 4: R2 Cubic = 0.984 RO T ":."
801 & _---.u., "-, 3.2. Electrophysiological results
e .h. ‘o“‘o‘r .‘0, '., %
S | NG T i
o 3 o ", 3.2.1. Participant-based analyses
Som
9 601 3 When the amplitude of the ERP components (averaged over 32
é non-target faces) was examined in relation to face identity strength
o for all participants as a group, a linear relationship between ERP
g amplitude and face identity strength was found after 230 ms post
o 40 stimulus onset in the ventral P2 and the N250 components: as
g face identity strength increased, the ventral P2 became smaller and
w ..':,.‘3' the N250 became larger. The relationship between face identity
. 0 h. .
201 x:.-:. & MW Targetface 1 strength and the ventral P2 amplitude was found from both left
o A Targetface2 and right sites (for the left ventral P2, t{(16)=—2.68, p=.016; for the
. RO . _ . S .
«L..:’,: “m * + Targetface 3 right venFral P2,t(16)=-5.96, p <.001)with a similar magnitude on
. R ¢ Targetface4 the two sides (t(16)=1.28, p=.218). For the N250, the effect of face
Of" Tesem* identity strength was found on the right (t(16)=—-4.08, p=.001),

0 10 20 30 40 50 60 70 80 90 100
Face Identity Strength

Fig. 3. Success rate of identifying a target face as a function of face identity strength.
The categorical boundary for face identification occurred at 30% and 70% of face
identity strength (see Supplementary Text 2 for the results).

3, p=.001; for target face 4, p=.001; overall, for all target faces,
p<.001).1 When examined individually for each participant (i.e., a
cubic function was fitted for each participant to produce individ-
ual coefficients) and then tested with single sample t-tests based
on individual coefficients, the relationship between accuracy and
identity strength was significant for all target faces (for target face
1, t(16)=-3.2, p=.006; for target face 2, t(16)=-3.3, p=.005; for
target face 3, t(16)=-3.7, p=.002; for target face 4, t(16)=-12.6,
p<.001; overall for all target faces, t(16)=-8.1, p<.001). As shown
in Fig. 3, participants performed poorly when identity strength was
lower than 30%, performance increased gradually between 30% and
70% identity strength with no further increase after that. These

1 The behavioral data similarly fitted sigmoid functions, which accounted for
94.8%, 97.0%, 97.1%, and 99.1% of the variance for the four target faces; averaging
across all target faces, 99.6% of the variance was accounted for.

and there was also a similar trend on the left (¢(16) = —1.80, p=.090).
In contrast to the ventral P2 and the N250 component, such a lin-
ear relationship was not found during earlier time windows (i.e.,
prior to 230 ms post stimulus onset) with the P100, the N170 and
the dorsal P2 component on either the left or the right (for left and
right P100 and N170, and the right dorsal P2, t(16)<1.0; for the
left dorsal P2, t(16)=1.62, p=.124). Separated by the different ERP
components, Fig. 4 illustrates the individual correlation coefficients
between the ERP amplitude and the face identity strength for each
participant. A consistent relationship between the two was only
seen after 230 ms, particularly on the right side. Unlike the behav-
ioral data, there was no cubic relationship between ERP amplitudes
and face identity strength (Table 1).

3.2.2. Face-based analyses

When the amplitude of ERP components was examined in rela-
tion to face identity strength for each face-pair stimulus (averaged
over the 17 participants), the same results were found. A linear rela-
tionship between the two was found only for the ventral P2 and the
N250 components: greater face identity strength was associated
with a smaller ventral P2 and a larger N250. The relationship was
found from both left and right sites for the ventral P2 component
(for the left ventral P2, t((15)=—2.22, p=.043; for the right ventral
P2, t(15)=—-4.64, p<.001); it was mainly found from the right site
for the N250 component (for the left N250, t(15)=-1.72, p=.106;
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Fig. 4. The correlation coefficients between face identity strength and the amplitude of ERP components for individual participants (over all non-target faces). Consistent
relationships were found across participants shortly after 200 ms in the ventral P2 and the N250 component.

for the right N250, t(15)=-3.64, p=.002). In contrast, the ampli-
tudes of the P100, the N170 and the dorsal P2 did not relate to the
face identity strength (for left P100, t(15)=1.14, p=.272; for right
P100, t(15)=1.76, p=.100; for left N170, t(15)=—1.10, p=.291; for
right N170, t(15) = —1.34, p=.201; for the left dorsal P2, t(15)=1.72,
p=.107; for the right dorsal P2, t(15)< 1.0, p=.954). The individual
correlation coefficients between the ERP amplitude and the face
identity strength for each pair of face stimuli are illustrated in Fig. 5.
When we fitted cubic functions to predict the ERP amplitude using
face identity strength, we found no significant effect for any ERP
component on either left or right side, thus also consistent with
findings from participant-based analyses (Table 1).

Together, these results suggested that neural responses to face
identity strength did not occur within 200 ms, but rather occurred
later, starting at approximately 230 ms after a face was presented.
This conclusion was further supported when we divided the face
stimuli into three groups based on their identity strength (0%,
10%, 20% for low strength; 40%, 50%, 60% for medium strength;

80%, 90%, 100% for high strength), and then compared their ERP
amplitudes, using a 2 (left/right) x 3 (low/medium/high identity
strength) ANOVA with repeated measures.

3.2.3. Group analyses comparing faces with low-, medium-, and
high-identity strength

The average ERP amplitudes elicited by each face group for
each component are illustrated in Fig. 6. The amplitudes of the
three early ERP components were not affected by face identity
strength: the P100 (F(2,32)< 1.0, n.s.), the N170 (F(2,32)< 1.0, n.s.),
and the dorsal P2 component (F(2,32)<1.0, n.s.). In contrast, sig-
nificant differences in ERP amplitude were found for the ventral
P2 (F(2,32)=17.14, p<.001) and the N250 (F(2,32)=9.17, p=.001)
components. Post hoc comparisons revealed that higher identity
strength was associated with a smaller ventral P2 and a larger
N250, consistent with the findings from the correlational analy-
ses. Although the effect of face identity strength on ERP amplitude
appeared to be larger on the right than on the left for both the
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Fig. 5. The correlation coefficients between face identity strength and the amplitude of ERP components for individual non-target face-pairs (over all participants). The
relationship between face identity strength and the amplitude of the ventral P2 and the N250 components was similarly found across non-target faces.
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Fig. 6. Comparing non-target faces with high (100%, 90%, 80%), medium (60%, 50%, 40%), and low (20%, 10%, 0%) identity strength, differences in ERP amplitude were found
for the ventral P2 and the right N250 component, but not for the earlier components (P1, N170, dorsal P2). Error bars represent the s.e.m.

ventral P2 and the N250 component, the interaction between hemi-
sphere and face identity strength did not reach significance for
either component (for the ventral P2, F(2,32)=1.03, p=369; for the
N250, F(2,32)=2.16, p=.132).

Grouping the target faces into low- (0%, 10%, 20%), medium-
(40%, 50%, 60%) and high-identity (80%, 90%, 100%) strength
conditions,? similar results were obtained: the P100, the N170,
and the dorsal P2 components were not affected by face identity
strength (for P100, F(2,32)=1.9, p=.171); for N170, F(2,32)=1.6,
p=.226; for dorsal P2, F(2,32)<1, n.s.). In contrast, a main effect
of identity strength was found for the N250 (F(2,32)=3.5, p=.043)
and marginally for the ventral P2 (F(2,32)=3.0, p=.066): greater
identity strength was associated with a smaller ventral P2 and a
larger N250 (Fig. 7). The effect of identity strength on the ventral
P2 and on the N250 appeared to be much weaker for the target faces
relative to non-targets. This however might be due to the smaller

2 Although we did not perform correlational analyses with the target faces due
to the rather small number of trials (16 trials at most) obtainable for each iden-
tity strength level, grouping the target faces into low-, medium- and high-identity
strength conditions increased the number of trials for each condition (48 trials at
most). This allowed us to perform the same group analyses for the target faces as
we did for the non-target faces.

number of ERP trials used to produce the low-, medium-, and high-
identity strength conditions for the target faces (48 trials) than for
the non-target faces (192 trials).

4. Discussion

Recent studies with humans and non-human primates (Leopold
et al., 2006; Loffler et al., 2005) have found that neural responses
from face-sensitive regions are sensitive to the strength of face
identities relative to an average face. In the present study we inves-
tigated the timing of these neural events (i.e., we investigated when
the effect of face identity strength occurs in the brain). Face identity
strength did not affect the amplitude of the P100 (80-130 ms) or
the N170(140-190 ms) or the dorsal P2 components (190-230 ms),
but affected the two later components: the ventral part of the
P2 (230-270ms) and the N250 (270-330ms). As face identity
strength increased (i.e., when faces become more distinctive rel-
ative to the “average” face), the ventral P2 became smaller and the
N250 became larger. This linear relationship between face iden-
tity strength and the amplitude of the ventral P2 and the N250
was found across individual participants and across face stimuli.
Similarly, when we performed the group analyses to compare the
amplitude of ERP components elicited by faces of high- (100%, 90%,
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Fig. 7. Despite the much smaller number of trials (see Section 2), when the target faces were examined, similar patterns of results were found: differences in ERP amplitude
among high (100%, 90%, 80%), medium (60%, 50%, 40%), and low (20%, 10%, 0%) identity strength was found for the N250 and marginally for the ventral P2 (see Section 3), but

not for the earlier components (P1, N170, dorsal P2). Error bars represent the s.e.m.

80%), medium- (60%, 50%, 40%) and low-identity strength (20%, 10%,
0%), the effect of identity strength was only found in the ventral P2
and the N250 components for both non-target and target faces. Our
study is one of the first to investigate ERP responses in relation to
systematic variations in face identity strength relative to an aver-
age face (see Kaufmann & Schweinberger, 2008, for a study using
caricatures and anti-caricatures). Collectively, our results suggest
that the brain does not respond to visual face identity until 230 ms
after a person sees a face.

It is generally accepted in the literature that the P100 compo-
nent reflects the cortical processing of low-level visual information
(e.g., spatial frequency, contrast, luminosity) (see Regan, 1989) and
is not associated with the processing of high-level information,
such as a particular class of visual stimuli (e.g., faces, houses) (see
Rossion & Jacques, 2008, for a review); therefore, our result that
the P100 amplitude was not affected by individual faces varying in
identity strength is consistent with this established view.

Whether the N170 is influenced by face identity is more con-
troversial. Our results are consistent with those of many studies
suggesting that the N170 is not influenced by face identity (Bentin
& Deouell, 2000; Eimer, 2000a; Gosling & Eimer, 2011; Kaufmann
etal., 2008; Rossion et al., 1999; Schweinberger et al., 2002; Tanaka
et al., 2006). For example, Gosling and Eimer (2011) reported
that the N250, but not the N170, was modulated by whether

participants were viewing famous faces that were explicitly recog-
nized versus famous faces that were not recognized or non-famous
faces. Likewise, the N170 was not modulated by face familiarity in
a task in which different exemplars of learned faces were inter-
spersed with novel faces; in contrast, the N250 was enhanced for
learned faces (Kaufmann et al., 2008).

We acknowledge that other studies have reported an influ-
ence of face identity on the N170. For example, Jacques and
Rossion (2006) morphed two facial identities to create a continuum
between face A and face B. The amplitude of the N170 response to
a morphed face (e.g., with 65% of face A and 35% of face B) was
smaller when that face was preceded by a face that was located on
the same side of the perceptual identity boundary (e.g., with 95%
of face A and 5% of face B) than when it was preceded by an equally
distant face that was located on the other side of the boundary and
thus perceived as having a different identity (e.g., with 35% of face A
and 65% of face B) (see Caharel, d’Arripe, et al., 2009; Jacques et al.,
2007, for other reports that the N170 adaptation is modulated by
face identity).

One possible interpretation of these conflicting results is that the
N170 is modulated by face characteristics rather than identity per
se.The N170is sensitive to a variety of face characteristics including
the eyes, facial layout, and face outline (Bentin et al., 1996; Eimer,
2000b; Itier, Alain, Sedore, & McIntosh, 2007; Zheng et al., 2011), so
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it is important for adaptation studies to control the potential influ-
ence of such facial information on the N170 component before a
conclusion can be drawn on whether the perception of face identi-
ties occurs before 200 ms. Any time that the N170 is adapted when
the same identity is presented on consecutive trials it is possible
that adaptation is attributable to face characteristics rather than
identity per se. In fact, even when it is not possible for N170 to
have been modulated by identity, adaptation of this component
can still be observed. For example, when the adaptor is a face of
a different identity or even just a face part from a different iden-
tity (e.g., the eyes), the adaptation of N170 can still occur to the
test face (Eimer et al., 2010). Therefore, the adaptation of N170 in
and of itself is not enough to support the claim that the N170 is a
neural index of perceiving individual face identities. Furthermore,
when the potential adaptation effect caused by facial characteris-
tics was removed with associative priming (Schweinberger et al.,
1995) or reduced by using face stimuli from very different sources
(Schweinberger et al., 2002), the effect of face identity on ERPs is
found later, and not earlier in the N170.

In the present study, instead of using an adaptation paradigm,
we presented faces in a random order, with a large number of face
identities appearing within each block (i.e., 16 non-target faces
and one target face plus their morphed versions). As a result, the
probability of one face immediately following another face along
the same identity trajectory was relatively small (.06), minimiz-
ing any immediate adaptation effect attributable to either facial
characteristics or face identities. Therefore, the effects of face iden-
tity strength on ERP responses likely reflected the underlying brain
dynamics for processing visual face identities. Consistent with pre-
vious ERP studies (Kaufmann et al., 2008; Schweinberger et al.,
2004, 1995, 2002; Tanaka et al.,, 2006), we found the earliest
evidence of face identity strength affecting brain responses after
230ms (ventral P2 and N250) post stimulus onset, but not earlier
(P100, N170, dorsal P2). The linear relationship between face iden-
tity strength and the amplitude of the ventral P2 and the N250
component, with the “average” face eliciting the largest ventral P2
and the smallest N250 compared to more distinctive faces, is in gen-
eral consistent with the conclusion drawn from the imaging data
in humans (Loffler et al., 2005) and from the single-cell record-
ings in monkeys (Leopold et al., 2006); it provides further support
for the specific role played by an “average” face in a neural model
underlying the perception of individual face identities.

Interestingly, in a recent paper, Davidenko, Remus, and Grill-
Spector (in press) argued that the results of Loffler et al. (2005)
and, by extension, our own results might be difficult to interpret
because image variability across faces also varies as a function of
the distance from the average face. In their study, the BOLD signal in
FFA was measured, while participants viewed silhouettes that dif-
fered in face-likeness. When image variability was not controlled
(i.e., was largest for the most distinctive, but least face-like silhou-
ettes), the BOLD signal was largest for the least face-like stimuli.
In contrast, when image variability was controlled, the pattern was
reversed: the BOLD signal was largest for the most typical, face-like
silhouettes. While their results seem to suggest that a larger image
variability may account for the greater neural responses to distinc-
tive silhouettes (or faces in general), a closer examination of their
data suggests that their results might actually be driven by per-
ceptual variability: while image variability was controlled in their
second experiment, perceptual variability was not; it was largest
for the most face-like silhouettes (see Supplementary Fig. 7b in
their paper), which may explain why the BOLD signal was enhanced
for these stimuli. Therefore, their results can be viewed as consis-
tent with the findings by Loffler et al. (2005) and our own results
that the ventral P2 and the N250, but not the N170, are modulated
by the perception of face identities relative to an average face; a
similar conclusion that had also been reached from another recent

ERP study in which participants viewed caricatures, veridical face
images, and anti-caricatures (Kaufmann & Schweinberger, 2008).
Indeed, perceptual variability/similarity and face identity strength
are intrinsically linked in models of multi-dimensional face space
(Valentine, 1991) and so the influences of these two variables are
inherently confounded.

In addition to providing strong evidence that the effect of face
identity strength in relation to an average face is evident only
after 200 ms, our results also provide new insights about when
this effect occurs. Although previous ERP studies have reported
the face identity effect on the N250 component, the time-window
selected for measuring the N250 component was slightly differ-
ent across studies. Some studies measured the N250 component as
the averaged activity approximately between 260 ms and 320 ms
(Kaufmann et al., 2008; Schweinberger et al., 2004); other studies
have extended the time-window by including the early portion of
the 200-300 ms period (e.g., 200-300 ms in Schweinberger et al.,
2002; 230-320ms in Tanaka et al., 2006). Thus, although these
studies have provided converging evidence in support of a face
identity effect after approximately 260 ms post stimulus onset, it
was not clear whether the perception of individual face identi-
ties might start even earlier. Dividing the 230-330 ms period into
two smaller time-windows, i.e., 230-270 ms for the ventral P2 and
270-330 ms for the N250, allowed us to demonstrate that the effect
is present during both time windows and even stronger between
230 and 270 ms. These results therefore help to further locate the
timing of initial brain responses to individual face identities to as
early as 230 ms post stimulus onset.

Although the P2 component has not been studied extensively
in relation to individual face perception, there is some evidence
in addition to our own results suggesting that the P2 is sensitive
to face identities. For example, when faces were made more dis-
tinctive/atypical by enlarging the distance between eyes and nose
and between nose and mouth, the P2 amplitude became smaller
(Halit, Haan, & Johnson, 2000), although the timing of this effect is
unclear because of the very large time window (188-300 ms) used;
in contrast, the N170 was not affected by the face typicality through
this manipulation. In another study examining the ERP correlates
of the other-race effect (ORE) in face recognition, Stahl, Wiese, and
Schweinberger (2008) found that P2 amplitude is smaller for other-
race faces than for own-race faces. Importantly, this effect was only
found in individuals with minimal other-race experience, corre-
sponding well with the face ethnicity by expertise interaction found
in behavioral studies (Rhodes et al., 2009; Walker & Hewstone,
2006).

Identity strength influenced the N250 in addition to the ven-
tral P2, raising an interesting question about the extent to which
these two ERP components reflect the same processes involved
in perceiving individual faces or separable processes associated
with different aspects of individual face perception. For example,
the ventral P2 might reflect the integration of structural infor-
mation and the formation of a perceptual representation for the
incoming face stimulus. In contrast, the N250 component might
reflect the process by which that representation is compared to
previously seen faces, and thus might be linked to face recog-
nition more directly. The N250 might also be sensitive to other
non-visual person information. This latter explanation, positing a
functional dissociation between the ventral P2 and the N250 com-
ponent that occur in sequence between 230 and 330 ms also seems
to fit well with the classical stage model for face recognition (Bruce
& Young, 1986), and with the lack of correlation we found between
the right ventral P2 and the right N250 (r=.382, p=.130), despite
each being strongly affected by face identity strength. Furthermore,
when we statistically examined the right ventral P2 and the right
N250 together, we found that their relationships with face identity
strength were indeed dissociable: adjusting for the right ventral P2
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in a regression model, the linear relationship between face iden-
tity strength and the right N250 amplitude was still significant,
t(16)=-2.64, p=.018; similarly, the linear relationship between
face identity strength and the right ventral P2 amplitude was also
significant, t(16)=—3.40, p=.004, after adjusting for the N250.

Although these results are provocative, the current study was
not designed to disentangle the relationship between the ventral
P2 and the N250 component. To examine whether they reflect the
same or different processes for individual face perception, future
research is needed. For this purpose, using faces that differ at var-
ious perceptual and semantic levels might prove very useful. For
example, Herzmann, Schweinberger, Sommer, and Jentzsch (2004)
studied the effect of priming on ERP responses elicited by unfa-
miliar, famous, and personally familiar faces. After dividing the
230-330ms period into two smaller time-windows as ours (i.e.,
230-270ms and 270-330 ms), they found that the priming effects
on ERPs from the temporal region (similar to the locations where
the ventral P2 and the N250 were measured in the present study),
not only differed among the three types of face stimuli, but also
changed slightly between the two time windows: while personally
familiar faces showed a larger priming effect than did famous faces
and unfamiliar faces for both time-windows, the larger priming
effect for famous faces compared to unfamiliar faces only occurred
later between 270 and 330ms, raising again the possibility of
dissociable neural processes underlying individual face percep-
tion during the 230-330 ms period. Similarly, in a recent study by
Gosling and Eimer (2011), it was found that the occipital-temporal
N250 differed between famous and unknown faces; however, this
effect appeared to be driven primarily by famous faces that were
explicitly recognized; in contrast, the N250 for famous faces that
were not recognized but were only rated as familiar did not differ
from the N250 for unknown faces. Their results and interpreta-
tions seemed to be consistent with our own suggestion that the
N250 may be related to face recognition more directly and could
be affected by semantic person information. However, because the
N250 was measured with a large time window (i.e., 230-400 ms) in
their study, it was not clear when this difference in N250 between
recognition and familiarity initially occurred. If our hypothesis was
correct, we think that this difference in N250 should happen close
to 300 ms post stimulus onset, but not earlier.

Finally, for both the ventral P2 and the N250 component, the
effect of face identity strength we found in the present study can-
not be explained as a result of the morphing procedure or low-level
visual information. Measures were taken to ensure that faces with
differentidentity strength did not differ systematically in suchirrel-
evant visual information as face outline and blurriness. In addition,
if any low-level visual information might have accounted for the
ventral P2 and the N250 effect, we would expect it to affect the P100
component to at least some extent. However, we found no evidence
of early effects due to face identity strength until 230 ms post stim-
ulus onset. Therefore, the overall patterns of these results and their
consistency with previous literature suggest that the effects of face
identity strength on the ventral P2 and the N250 components are
due to the processing of visual face identities only.

One limitation of our study is that all faces were unfamiliar
to participants; it is plausible that a different pattern of results
might be obtained for familiar/known faces. People have a remark-
able ability to recognize familiar faces even under very challenging
conditions (e.g., under poor lighting and for degraded images); in
contrast, they perform quite poorly when asked to recognize or
match identities for unfamiliar faces (see Hancock, Bruce, & Burton,
2000, for a review). Behavioral evidence suggests that the mecha-
nisms for perceiving individual face identities might be different
between these two types of faces (Ellis, Shepherd, & Davies, 1979;
Young, Hay, McWeeny, Flude, & Ellis, 1985), and previous studies
have shown different ERP effects for familiar versus unfamiliar faces

(Eimer, 2000a; Rossion et al., 1999; Schweinberger et al., 2002) and
for personally familiar versus famous faces (Herzmann et al., 2004).
Future studies should examine the effects of face identity strength
on ERP responses for familiar faces.

A second limitation of our study is that every face along a partic-
ular identity trajectory was derived from the same original image.
It would be very interesting to create new identity continua using
multiple images, perhaps with some variation in head orientation
and/or emotional expression. Doing so would not only enhance the
ecological validity of this research by asking participants to rec-
ognize facial identities across images, but also contribute to the
debate about the influence of image variability versus perceptual
face distinctiveness per se on brain responses.

In summary, using scalp-recorded ERPs, we investigated the
timing of brain responses to individual faces that varied in iden-
tity strength. Our results suggest that the initial brain responses
to face identity information occur shortly after 200 ms, but not
earlier. In light of previous ERP research and based on the classic
face recognition model by Bruce and Young (1986), the results of
the present study may allow us to temporally delineate the neural
events that are associated with individual face recognition. Indexed
by the P100 component at approximately 100 ms after a person
sees a face, the brain processes low-level visual information (e.g.,
color, contrast, spatial frequency). At some point between 100 and
150 ms, the incoming stimulus is detected as a face; subsequently,
between 150 and 200 ms, various facial information including both
internal and external features are processed (i.e., structural encod-
ing), and these processes are reflected in the N170 component.
Shortly after 200 ms, following the structural encoding, the facial
information is integrated to form a perceptual representation of
the incoming face. This representation is then compared to face
representations established previously, and the result of this com-
parison determines whether a face is visually recognized or not. By
approximately 300 ms after a person sees a face, the neural pro-
cesses involved in perceiving individual face identities should be
completed. While Bruce and Young’s model has provided a general
account of the stages involved in face recognition, the exact timing
for each stage to occur at a neural level has not been solved yet.
Here, we tentatively provide such a timeline and hope it can serve
as a working model for future testing.
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