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Abstract

Assessing the agency of potential actors in the visual world is a critically important aspect of
social cognition. Adult observers are generally capable of distinguishing real faces from artificial
faces (even allowing for recent advances in graphics technology and motion capture); even small
deviations from real facial appearance can lead to profound effects on face recognition. Presently,
we examined how early components ofvisual event-related potentials (ERPs) are affected by the
“life” in human faces and animal faces. We presented participants with real and artificial faces of
humans and dogs, and analyzed the response properties of the P100 and the N170 as a function of
stimulus appearance and task (species categorization vs. animacy categorization). The P100
exhibited sensitivity to face species and animacy. We found that the N170's differential responses
to human faces vs. dog faces depended on the task participants’ performed. Also, the effect of
species was only evident for real faces of humans and dogs, failing to obtain with artificial faces.
These results suggest that face animacy does modulate early components of visual ERPs — the
N170 is not merely a crude face detector, but reflects the tuning of the visual system to natural
face appearance.

Keywords

Face perception; event-related potentials; social cognition

Introduction

The use of artificial faces in visual media has become increasingly prevalent in the past
decade and observers now encounter highly detailed synthetic agents in a range of settings.
The effective use of artificial faces in applied settings is complicated, however, by the
human visual system's exquisite sensitivity to deviations from natural appearance. In
general, adult observers’ response to faces depends upon a fine-tuned representation of
typical appearance that incorporates the statistics of each observer's experience. Faces that
are not usually represented in an observer's normal, every-day visual experience are not
recognized as accurately as faces that are more typically experienced, leading to measurable
decrements in performance when other-race (Malpass & Kravitz, 1969), other-age (Kuefner
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et al., 2008), or other-species faces (Dufour et al., 2004) are used as experimental stimuli.
Artificial faces represent another category of faces that observer's have less experience with
than human faces, possibly leading to specific patterns of perceptual sensitivity or
insensitivity. Indeed, even objectively small deviations from real appearance may
nonetheless result in poor or inefficient recognition performance, or worse, lead to the
perception of an artificial face as “uncanny” or disturbing (Mori, 1970). Errors in the
accurate rendering of the appearance of the eyes, skin tone, or configuration (MacDorman et
al., 2009) of the face can lead to artificial faces looking profoundly disturbing. Even when
synthetic faces are highly realistic, observers are nonetheless good at distinguishing them
from real faces (Farid & Bravo, 2011). Performance in animacy categorization tasks is
robust to a range of image transformations (Farid & Bravo, 2011), suggesting that the
differences between real and artificial faces are encoded across a wide range of visual
features. The appearance of the eyes stands out, however, as a key critical feature used to
assign “life” to a face (Looser & Wheatley, 2011), though interactions between the
appearance of the eyes and the rest of the face suggest that a broader representation of
natural appearance likely supports animacy categorization (Balas & Horski, 2012).

The neural response to faces is also sensitive to their category membership, reflecting the
behavioral variability in recognition accuracy as a function of experience with different
groups of faces. The N170 component, which is a common electrophysiological index of
face processing (Bentin et al., 1996; Eimer, 2000), responds differentially to faces that are
representative of observers’ dominant experience and multiple examples ofless frequently
seen face categories. The perceived race of face stimuli, for example, typically modulates
the amplitude of the N170 (Hermann et al., 2007; Caldara et al., 2004; Balas & Nelson,
2010). The perceived age of faces also influences the amplitude of the N170 (Wiese, 2012;
Wiese et al., 2012). In both cases, the effect of belonging to a less frequently seen face
category leads to a larger, sometimes later, peak (though see Balas & Nelson, 2010). This is
consistent with the well-known effect of face inversion on the N170 (Rossion et al., 2000),
suggesting more broadly that deviations from typical face appearance (as defined by an
observer's experience) lead towards systematic changes in the neural response. The manner
in which own- and other-group faces differ from one another varies substantially across
distinct types of “other” faces — other-race faces differ from own-race faces on a range of
dimensions including 3D shape and pigmentation (Balas & Nelson, 2010), while other-age
faces differ from own-age faces in terms of contrast (Porcheron, Mauger, & Russell, 2013)
and spatial frequency content (Mark et al., 1980), for example. Changes in the N170
component thus do not appear to reflect specific low-level differences between individual
faces or face categories, but more likely result from deviation in any direction from the fine-
tuned estimate of facial appearance established over a lifetime of experience with faces.
Moreover, the effect of category membership on the N170 response also varies as a function
of task. Asking observers to perform individuation vs. categorization tasks during face
learning leads to measurable differences in the other-race effect observed at this component
(Stahl et al., 2010), though online task performance does not necessarily bias the N170
amplitude (Tanaka & Pierce, 2009). The N170 therefore is influenced by the congruency of
facial appearance with past experience, and in some circumstances, also by the cognitive and
perceptual demands of different recognition tasks. All of these effects suggest that the N170
is not merely related to a coarse first-stage of face processing where faces are simply
discriminated from other object classes. The observed sensitivity to the various category and
task manipulations described above suggest that the N170 is instead sensitive to a broader
range of perceptual and cognitive factors (Thierry et al., 2007b), that may be less specific to
face categories than previously thought (Dering, Martin & Thierry, 2009).

Despite the extreme sensitivity of the human visual system to the difference between real
and artificial faces and the consistent modulation of the N170 response by experience-
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defined face categories, differential neural responses to real and artificial faces at this
component have not to date been observed. To our knowledge, the only previous
electrophysiological study of the N170's response to real and artificial faces was recently
reported by Wheatley et al. (2011), who showed participants luminance-matched real human
faces, artificial human faces (mannequins) and clocks. Their analysis ofboth the N170 and
the Vertex Positive Potential (or VPP) demonstrated a robust difference between clocks and
both types of face, but no significant differences between the two kinds of faces. Instead,
differential responses to real and artificial faces obtained over an extended time window
from 400ms-1000ms post-stimulus onset, suggesting that later perceptual and cognitive
processes distinguished between faces based on perceived animacy. Wheatley et al.
therefore posited a two-step model of face processing composed of an early stage that is
solely responsible for detecting face-like structure, and a secondary stage that supports finer-
grained distinctions between categories. To some extent, this is consistent with recent results
describing robust effects of age and race category at later ERP components like the P200
and N250 (Stahl, Wiese, & Schweinberger, 2008; Wiese, Stahl, & Schweinberger, 2009;
Tanaka & Pierce, 2009), but is potentially discrepant with regard to the previously described
reports of N170 sensitivity to category membership. Besides this interesting theoretical
question about the time-course of differential face processing based on categories defined by
experience, there are other methodological questions raised by Wheatley et al.'s study. For
example, participants in their study viewed stimuli passively, so it was not possible to
examine potential task effects. To what extent do animacy effects observed at early
components depend upon perceptual and cognitive task demands? Also, the comparison
between faces and clocks offers a means for comparing the effect of animacy to a baseline
condition, but does not allow for comparison between different types of faces. How do
animacy effects differ (if at all) within the category of faces? The visual system is
particularly sensitive to variation in faces as a function of expertise, so the effects of real vs.
synthetic appearance may depend critically on face category. We suggest therefore, thatthere
are several theoretically important open questions that remain regarding when and how the
brain distinguishes between real and artificial faces.

In the current study, our goal was to examine how both the P100 and N170 components
were modulated by the animacy category of face stimuli, the species category of faces, and
the recognition task assigned to observers. We presented participants with grayscale images
of human and dog faces, which were either real, living individuals, or artificial simulacra of
category members (e.g. toy dogs and dolls). Our design thus permitted us to examine how
the distinction between real and artificial faces might be manifested at the N170, and also
how perceived animacy might influence differential responses as a function of species or
task. We also chose to examine the effects of these factors on the P100 response, a marker of
early visual processing that also exhibits sensitivity to faces compared to other objects
(Hermann et al, 2005; Dering et al., 2011). While the N170 has traditionally been more
widely investigated as a putative face-sensitive ERP component, the P100 also exhibits
category-specific responses, as do related neural markers measured using MEG (Liu, Harris,
& Kanwisher, 2002) and TMS (Pitcher et al., 2007). Considering both the P100 and the
N170 is thus critical to characterizing how animacy may impact early visual ERPs. Finally,
we also included an analysis of late components of the ERP waveform (400-1000ms) to
allow comparison between our results and Wheatley et al.'s effects. We find that the P100
exhibits sensitivity both to the species of faces and to face animacy. Further, we find that
animacy affects the extent to which the N170 responds differently to faces of different
species. In both cases, real vs. artificial face appearance affects the neural response
measured at early visual components.
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We recruited 20 right-handed participants (10 female) from the NDSU community.
Participants ranged in age from 18 to 37 years old (average age, 23 years old) and reported
normal or corrected-to-normal vision. Participants gave written informed consent prior to
beginning the study and received either course credit or monetary compensation for their
participation.

Participants viewed 16 unique images: Eight of these were pictures of human faces (4 real
faces, 4 doll faces) and eight were pictures of dog faces (4 real faces, 4 doll faces). We
selected doll faces such that each one was an approximate visual match for a unique real
face (Figure 1), and the intensity histogram of each doll face was matched to the intensity
histogram of the real face selected as its match. We did not, however, match all images for
mean luminance. All images were 256x256 pixels in size and presented in grayscale to the
participants.

Following application of the sensor net, participants sat in a sound-attenuated, darkened
room approximately 50cm away from the display. We presented stimulus images to our
participants using custom routines written in EPrime v2.0. On an individual trial, a single
image was presented on a medium-gray background for 500ms. In separate blocks,
participants were asked to indicate either the species category of each image (human or dog)
or the animacy category of each image (real or artificial). Participants responded using a
large button box and were asked to withhold responses until stimulus offset. Each image
presentation was followed by an inter-stimulus interval of variable duration (drawn at
random from a uniform distribution spanning 800-1500ms).

Participants viewed 60 images per condition (15 repetitions of each of the 4 unique faces per
category) yielding a grand total of 240 stimulus images per block and 480 images for the
entire experiment. Image order was fully randomized within blocks, and block order was
balanced across participants.

5.1.4 ERP recording and analysis

We recorded event-related potentials (ERPs) with a 64-channel Hydrocel Geodesic Sensor
Netv2.0, (Electrical Geodesics Inc., Eugene, OR). We recorded EEG continuously,
referenced to a single vertex electrode (Cz). We amplified the raw signal with an EGI
NetAmps 200 amplifier using a band-pass filter of 0.1-100 Hz and a sampling rate of 250
Hz. Prior to the start of each experimental session, we checked impedances online and began
the experiment after establishing stable impedances below a threshold of 100k(2.

Following each experimental session, we processed each subject's continuous EEG data
using NetStation v4.3.1 (Eugene, OR). We applied a 30-Hz lowpass filter and segmented
individual trials using stimulus onset to define a 100ms pre-stimulus baseline period and a
900ms post-onset window, yielding a 1000ms segment for each trial. We baseline-corrected
these segments by subtracting the average voltage measured in the baseline period from the
entire segment and, following this, we applied automated routines for ocular artifact
identification and rejection. We also manually rejected data from any individual sensors that
had lost contact and rejected entire segments if there was evidence of wide-spread drift, eye
movements or eye blinks, or more than 7 rejected sensors. We used spherical spline
interpolation to replace the data from rejected sensors, and subsequent to this, we computed
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individual subject averages for each experimental condition. Finally we re-referenced the
data from each subject to an average reference — the choice of reference has consequences
for the size of the effects measured at various components, but the use of an average re-
reference has been shown to be a useful choice for examining the N170 (Joyce & Rossion,
2005). We rejected the data from 4 subjects on the basis of too few usable segments within
some experimental conditions (<40 of 60 trials), yielding 16 participants in the final sample.
The subjects we discarded were removed from the analysis on the basis of either low
numbers of usable trials in some conditions or because of widespread motion artifacts,
which were likely the result of poorly fitting electrode nets. In the former case, unequal
numbers of trials per condition can introduce artificial amplitude differences (Luck, 2005)
between conditions simply because fewer trials contribute to the average in some cases. In
both cases, these subjects did not provide reliable data and were thus not used in the
following analyses.

We selected four electrodes per hemisphere as channels of interest for our analysis of these
components, which were selected based on previous reports and visual identification of the
channels where these components were maximal. These electrodes included TS5 and T6 in
the left and right hemispheres, respectively, and immediately adjacent electrodes. We
selected a time window of 100-140ms post-stimulus onset for our analysis of the P100 and a
time window of 150-190ms for our analysis of the N170. We selected these time windows to
accommodate the variability observed across participants, ensuring that component peaks
were not truncated. We described these components using the peak amplitude for each
condition, averaged across the electrode group within each hemisphere. We also calculated
the latency-to-peak for these components and verified the values obtained manually to be
certain that the data was not corrupted by artifacts introduced by the imposed time window
or subject to high levels oflocal noise in the averaged EEG signal. We also included an
analysis of the mean amplitude of the ERP waveform between 400ms and 900ms, similar to
the slow-wave analysis carried out by Wheatley et al. (2011). The extended time window for
this analysis and the lack of easily discernible peaks (save for the offset potential observed
around 600ms) precluded a meaningful analysis oflatency. As described below, these
descriptors were analyzed using a repeated-measures ANOVAto determine the impact of our
experimental manipulations.

Each participant in our final sample exhibited a clear P100-N170 complex over occipito-
temporal electrodes, with similar topography for the P100 and N170. In Figure 2a (animacy
task) and Figure 2b (species task), we display average ERPs for each condition, averaged
across the sensors within right and left hemisphere groups separately.

For all analyses of peak amplitudes and latencies, we submitted the values obtained across
conditions for each subject to a 2x2x2x2 repeated-measures ANOVA. Task (species or
animacy categoryjudgment), Species category (Human or Dog), Animacy category (Real or
Doll), and hemisphere (Right or Left) were included as within-subject factors.

P100 amplitude

We observed main effects of species category (F(1,15)=28.2,12=0.65, p<0.001) and
animacy category (F(1,15)=4.7,12=0.24, p =0.048). These main effects were driven by a
larger peak amplitude in response to dog faces (M=5.05, s.e.m.=0.55) than to human faces
(M=4.23, s.em.=0.49) and a larger peak amplitude in response to artificial faces (M=4.83,
s.e.m.=0.53) than to real faces (M=4.54, s.e.m.=0.52). The main effect of animacy category
was qualified by an interaction between animacy category and hemisphere (F(1,15)=9.59,
1%=0.39, p=0.007). Post-hoc tests revealed that this interaction was driven by a hemisphere-
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dependent difference between real and artificial faces such that a significant difference was
evident only in the left hemisphere, but notthe right. No other main effects or interactions
reached significance.

P100 Latency

The results of our analysis ofP100 latency-to-peakvalues revealed effects thatwere largely
similar to those obtained for peak amplitude of this component. We observed a main effect
of species category (F(1,15)=10.50, 1?=0.41, p=0.005), such that longer latencies were
evident for dog faces (M=119 ms, s.e.m.=2 ms) than for human faces (M=116 ms,
s.e.m.=1.9 ms). We also observed an interaction between animacy category and hemisphere
(F(1,15)=12.43, 1?=0.45, p=0.003), such that the effect of animacy category was most
evident in the left hemisphere. No other main effects or interactions reached significance.

N170 amplitude

We observed no main effects of face species, face animacy, task, or hemisphere on the N170
peak amplitude. We did, however, find a significant interaction between task and species
category (F(1,15)=8.18,12=0.0.35, p=0.012) and an additional interaction between animacy
category and species category (F(1,15)=4.25, 1?=0.22, p=0.05). Post-hoc tests revealed that
the interaction between species category and task was driven by a significant difference
between peak amplitudes to human faces and dog faces during completion of the species
categorization task (Mpyman=—3.30, Mgog=—3.94) that was not evident during completion of
the animacy categorization task (Mpyman=—3.53, Mgog=—3.57). The interaction between
species category and animacy category was driven by a significant difference between
species categories for real face stimuli (Mpyman=—3.24, Mgog=-3.88) that was not evident
when artificial faces were compared (Mpyman=—3-58, Mgog=—3.62). No other interactions
reached significance.

N170 latency

The only effect we observed on the N170 latency-to-peak was a main effect of species
(F(1,15)=6.10, 12=0.0.29, p=0.026). The effect was driven by significantly longer latencies
to dog faces (M=169ms, s.e.m.=2ms) than to human faces (M=164ms, s.e.m.=2ms). No
other main effects or interactions reached significance.

Slow-wave mean amplitude

Our analysis of the mean amplitude of the ERP waveform between 400ms and 900ms
yielded no significant main effects and no interactions. Critically, the effect of animacy
category reported by Wheatley et al. (2011) did not reach significance in our data
(F(1,15)=0.55, p=0.47). Planned comparisons revealed that this effectwas also not
significant when we considered the data from the human images separately (Mgea=—0.31;
Mp,=—0.30).

Discussion

Our results offer new insights into how the tuning of face representations to the statistics of
real face appearance affects face processing. Like Wheatley et al. (2011), we find little
evidence for a robust effect of animacy on the N170 (and by extension, the VPP). However,
we did observe two critical interactions that suggest that the differential response to faces of
different species depends both on the task participants perform and the perceived animacy of
the faces. The “life” in a face thus does not appear to have a direct impact on the N170 —
within-species comparisons between real and artificial faces do not reveal substantial
differences in the amplitude or latency of the component. Perceived animacy does, however,
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affect the extent to which the N170 responds differently to human and dog faces. This
species effect obtains when observers view real faces, but not when artificial faces are
considered.

Differential responses to human and animal faces have been observed before at the N170.
The N170 response to non-human primate faces is typically larger and has a longer peak
latency than the response to human faces, an effect that appears to be largely driven by the
appearance of the eyes (Itier, Van Roon, & Alain, 2011). Considering animal faces more
broadly, Rousselet et al. (2004) compared the N170 response to upright and inverted
pictures of human faces, a wide variety of animal faces, and non-face objects, and observed
both that the difference between upright human and animal faces was only marginally
significant and that the inversion effect only obtained with human faces. The variability of
animal faces (including birds, canines, etc.) in this study makes comparison with our results
challenging, but we suggest that overall the evidence supports species-specific processing at
the N170. Our results extend these findings by demonstrating two novel characteristics of
the differential processing of faces according to species. First, species-specific processing
depends on task. Rousselet et al.'s results (2004) demonstrated that target/non-target status
did not modulate the N170 component in their task, but our results — which demonstrate
task-dependent processing of human and animal faces — suggest that task relevance may
matter. When participants are making animacyjudgements, the N170 no longer responds
differentially to faces from different species, possibly due to attentional factors. Second,
species-specific processing depends on perceived animacy. Artificial faces did not elicit a
species effect in our task, but real faces did. Animacy thus does not directly impact the
N170, but efficient face processing at this stage is clearly affected by deviations from natural
appearance, including our manipulation of face animacy. The “life” in a face does not
appear to substantially impact the first stage of face detection as postulated by Wheatley et
al. (2011), but other early processes subserving categorization by species are affected by
artifice. We note also that we find no evidence in our data of a late-component response to
the animacy of faces. This may have to do with the differences in task between our study
and Wheatley et al.'s design, in which participants viewed the stimuli passively.
Furthermore, it is possible that these late components are more closely related to later
cognitive processing that is more robustly measured at anterior electrodes. We do not
therefore conclude that the absence of such an effect in our study speaks to the absence
oflate-stage processing of animacy, but rather demonstrates that such effects may depend
critically on task demands, stimulus factors, and recording site.

We also observed main effects of both species and animacy at the P100 component.
Specifically, we observed larger peak amplitudes at this component in response to dog faces,
and in response to artificial faces. Compared to previous reports that described larger P100
responses to faces compared to non-face objects (Thierry et al., 2007a; Dering et al., 2009;
2011), these data are somewhat curious, since we might consider dog faces and artificial
faces to lie somewhere between faces and objects on a single continuum of “face-ness.”
However, Dering et al. (2011) also demonstrated that the P100 is modulated by factors that
increase how difficult faces are to process. If dog faces and artificial faces are therefore
processed as faces, the higher amplitudes we observed in our task may reflect decreased
processing fluency for these faces that are not consistent with the faces that our observers
typically must distinguish between. The P100 is also sensitive to low-level image properties
(Rossion et al., 2003; Nakashima et al., 2008), and while it is possible that some low-level
differences between our stimulus categories could be partly responsible for the effects we
observe at this component, the dissociation between the effects at the P100 and the N170
(both of which can be affected by low-level properties) suggests instead that a higher-level
interpretation of the effects observed at the P100 is sensible. Whether this early differential
response is due to category-specific differences in local part appearance (Seyama &
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Nagayama, 2007) or global differences in face configuration (Green et al., 2008) is an
intriguing question for future study, which may reveal critical properties of the early neural
representation of facial appearance. Overall, our data demonstrates that the responses of
early visual ERP components depend directly upon perceived animacy (the P100) or
influence other category-specific response (the N170). The neural processing of species
category is therefore tuned to natural appearance.

Our results also raise several important questions that can be addressed by further
investigation of the role of natural vs. artificial appearance in face processing and
recognition. Comparing the response to upright and inverted faces with these stimuli could
be one useful way to try to understand what is happening at early stages ofvisual processing.
Additional insights into the difference between the neural processing of real and artificial
faces might be gained by carrying out a pattern classification analysis of ERP data. Using
such a classification technique, Moulson et al. (2011) found that although the N170 responds
with a relatively steep threshold to face-like stimuli that varied in facial resemblance, a
pattern classification analysis revealed a gradient of “Face-ness” at occipito-temporal sites.
Given previous reports of sensitivity to other face categories at late components including
the P200, N250, and others, a multivariate classifier may reveal sensitivity to stimulus
variables that cannot be easily seen when assessing a single component. Finally, there is the
intriguing question of what aspects of artificial appearance the P100 and the N170 might be
specifically sensitive to — our doll faces differed from real faces on multiple dimensions. By
manipulating specific qualities of our face stimuli, we may be able to determine more about
the tuning function that leads to the pattern of results we have observed here.

To conclude, our results demonstrate that the perceived animacy of a face impacts the neural
response to faces of own, and other, species individuals. Thus, early stages of face
processing must, to some extent, be sensitive to whether faces look “alive” or not. We
suggest that understanding the processing of artificial faces by the human visual system may
offer important insights into the nature of the boundaries that define the face categories
observers establish based on their experience of the social world.
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Doll Faces Real Faces

Figure 1.
Examples of the real and artificial human and dog stimuli used in our study.
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Animacy Task - LH
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Grand average ERPs measured over occipito-temporal sensors for real and artificial faces of
humans and dogs during completion of the animacy task.
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Figure 2b.
Grand average ERPs measured over occipito-temporal sensors for real and artificial faces of

humans and dogs during completion of the species task.
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