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Abstract. Considerable evidence has been accumulated about covert face recognition in
prosopagnosic patients. However, little is known about such phenomenon in neurologically intact subjects.
Our aim was to establish a situation of covert recognition in normal subjects, using ERPs as an
electrophysiological index of this process. 20 neurologically healthy colleagues from Cuban Center for
Neuroscience, aged from 26 to 40 years, voluntarily participated in our study. Covert face processing was
evaluated by using a procedure described by Jenkins et al. [Jenkins et al, 2002]. These authors
demonstrated covert processing to faces simultaneously displayed with a superimposed high attentional
demand task. In our study the ERPs were elicited by an "oddball" paradigm including familiar (20%) and
unfamiliar faces (80%). The subjects were instructed to recognize previously presented faces. EEG was
classified accordingly in two groups of segments, corresponding to remembered (overt processing) or
missed faces (covert processing). Familiar faces processed both consciously or unconsciously evoked a
P300 component. However, only the N200 evoked during covert processing showed differences in
amplitude compared with the N200 evoked during conscious recognition. It appears that covert and overt
processing of familiar faces is subserved by different neural systems. It confirms the hypothesis that
covert and conscious recognition involve two different routes, regardless of the functional reorganization
associated with brain damage.
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1. Introduction
Humans have the ability to recognize the identity of each person from a virtually unlimited number
of faces. This ability is at the heart of important social transactions. Familiar faces evoke information
related to hierarchical level, degree of friendship, personality traits and a lot of biographical details
[Bobes et al, 2007].
The term ‘prosopagnosia’ was coined by Bodamer [Bodamer, 1947], when referring to patients with
brain damage who developed a disorder characterized by an inability to recognize known individuals
though their faces. However, it has been described that some prosopagnosic patients maintain some
ability to recognize familiar faces even though they are unaware of that skill. This phenomenon of
recognition without conscience has been called "facial covert recognition " [Young and Burton, 1999;
O'Reilly and Farah, 1999].
Covert recognition has been evinced either in behavioral studies, especially those of semantic
priming, as in some scan pattern works of ocular movement. Young et al. [Young et al, 1988] showed
that prosopagnosic subjects responded faster to familiar names preceded by related faces (nonconsciously recognized), than to familiar names preceded by unrelated faces. These results suggested the
presence of some sort of processing of familiar faces, unconsciously recognized by these patients, as
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evinced by the presence of semantic priming. In addition, Barton et al. [Barton et al, 2007] showed that
when exposed to unconsciously recognized familiar faces some prosopagnosic patients exhibited scan
patterns of ocular movements similar to those obtained from normal subjects. Based on the idea that
facial memories can influence the patterns of eye movements, the authors concluded that the similarities
in those movements between normal subjects and prosopagnosic patients suggest the presence of a
residual processing of identity.
Changes in electrodermal skin conductance response (SCR) and event-related potentials (ERPs),
especially the P300 waveform, are tools that have also contributed to study this phenomenon. For
example, Tranel and Damasio [Tranel and Damasio, 1985] showed that, in prosopagnosic patients, skin
conductance response was significantly higher to familiar faces not explicitly recognized when compared
to responses evoked to novel faces. Recently Bobes et al. [Bobes et al, 2004], examined a prosopagnosic
patient and a group of normal subjects by presenting a sequence of familiar (infrequent) and novel faces,
randomly intermixed. The aim of this study was to obtain the P300 component. The authors used a highdensity distribution of electrodes to characterize the precise topographic distribution of that potential.
Participants were asked to perform a familiarity judgment in every trial. Although the patient failed to
explicitly recognize the infrequent familiar stimuli, the presence of the P300 component revealed the
occurrence of the covert face recognition. Its latency, similar to control subjects, suggested a fast
availability of covert memory. The topographic distribution of this potential showed its maximum extent
on central-frontal electrodes, matching the one described for the P3a sub-component. The authors
concluded that the neural structures involved in emotional processing could be related to covert
processing of familiar faces.
It is worth mentioning, however, that most of the existing data on the processing of different types of
information extracted from a face comes from studies including subjects with some extent of brain
damage. It is known that brain damage can alter the expression of the electrical potential on the scalp
[Bobes et al., 2004]. Among the main causes of these modifications are the processes of brain
reorganization, the profound conductivity gradients to be established between the intact brain tissue and
the injured tissue after the occurrence of trauma [Kaas et al, 2008], selective damage to sets of brain
sources generating a certain component and changes in the skull conductivity because of fractures
[Osipov, 1984].
Therefore, it is necessary to characterize the visual processing of familiar faces and their covert
recognition in normal subjects. It would validate the theoretical approaches from studies including
subjects with brain damage as well as check the predictions made by several models for overt and covert
facial recognition. There have already been some reported in literature such as the study by Jenkins et al.
[Jenkins et al, 2002]. In this study the authors showed that manipulating the attentional load of the
subjects affected explicitly, but not implicitly, the memory for faces. The subjects performed two tasks,
one with high perceptual load and the other with low perceptual load, both related with letter-strings
discriminations. The memory for faces was evaluated using an unexpected test of recognition of celebrity
names. The repetition priming was evaluated through familiarity judgments of the faces. The results
suggested that manipulating the perceptual load heavily influenced the memory for explicit recognition,
but had no effect on repetition priming of the same stimuli. More importantly, the faces included in trials
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with high perceptual load produced the same amount of priming, whether they were explicitly
remembered or not. These results provide evidence of unconscious recognition of the identity of faces in
healthy subjects.
In this experiment we explore the electrophysiological markers of covert recognition in normal
subjects by recording ERPs with a task similar to Jenkins et al. [Jenkins et al, 2002] . We intend to find
changes in latency or amplitude in the N200 or P300 waveforms elicited by the status of recognition and
familiarity of the stimuli.

2. Material and Methods
Subjects.
Twenty subjects participated voluntarily in our experiment. They were all colleagues from the Cuban
Centre for Neurosciences, 9 of them were men. All subjects were aged between 26 to 40 years old, had
normal or corrected to normal vision and were right-handed. None of them had any history of psychiatric
or neurological disorders.

Stimulus and design.
Three-hundred and fifteen (315) faces were used as stimuli, 90 of them were from colleagues of the
Cuban Centre for Neurosciences (familiar faces) and the rest (225 faces) from complete strangers. In
addition, 30 different letter strings were used. Each letter string consisted of six Arabic characters,
including a target character X or N, in a 50:50 proportion and five other angular letters (A, E, F…) in a
random order. Regardless, the letter strings with a specific target character could be red or blue, in a
proportion (50:50).
All faces were presented on a grey background in an SVGA monitor holding visual angles of 90 and
60 in the vertical and horizontal axes respectively. All images were converted to grayscale and their
luminance was homogenized.

Procedure.
The experiment consisted of three stages, each one separated by 5 min intervals.
Stage 1: It consisted of a selective attention task, which included two conditions: low and high
perceptual load. This evaluation responds to the attentional demands required by the subject to perform
the task efficiently. Every trial consisted of a central letter string superimposed over a face that could be
familiar or unfamiliar to the subject and was displayed on the center of the screen during 200 ms. Every
trial was triggered by pressing the spacebar on the computer’s keyboard (Fig. 1). In the low perceptual
load condition subjects were asked to identify, as quickly as possible, the color of the letter string. All
subjects faced 120 trials involving 30 familiar faces and 90 novel faces that were presented in random
order. In the high perceptual load condition, there were 120 trials consisting of 30 new familiar faces and
90 new novel faces were presented in random order. In these trials, subjects were asked to discriminate as
quickly as possible the presence of the characters X or N in the letter string.
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Figure 1. Sequence of the task in the paradigm used: Stage 1. Selective attention task; Stage 2. Surprise face
recognition test; Stage 3. Letters-strings judgement. It also specifies the conditions of high and low perceptual load,
as well as a representation of stimulation screens.

Stage 2: It consisted of an unexpected face recognition test that included 315 faces, without
superimposition of letter strings (Fig. 1). All faces included in Stage 1 were used here, along with 75 new
faces (30 familiar faces and 45 novel faces). Every face was displayed for 200 ms and the next trial was
triggered by pressing the spacebar of the computer’s keyboard. The participants were required to
discriminate if each stimulus had been displayed or not on Stage 1. The subjects’ response was further
used to reclassify the faces of Stage 1 as perceived consciously or not.
Stage 3: All letter strings included in Stage 1 were presented without faces on the background. In
addition and similarly to Stage 1, two types of trials were defined according to the perceptual load: high
(speeded discrimination of the presence of the characters X or N) and low (speeded identification of the
color of the letter strings) (Fig. 1). In both conditions 30 letter strings were displayed twice (total = 60)
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randomly intermixed. Every stimulus was presented during 200 ms and the next trial was triggered by
pressing the spacebar of the computer’s keyboard.

Recording and analysis of ERPs.
The recording of the EEG was carried out simultaneously during stages 1 and 3 of the experiment. All
subjects were instructed to minimize eye and body movements during electrophysiological recording.
EEG was recorded using Ag/AgCl electrodes in 5 active derivations (Fp1/Fp2, Fz, Cz, Pz,) included
in the 10/20 international system [Jasper, 1958] referenced to nose, in a MEDICID 5 system (Havana,
NEURONIC SA). In addition, 4 derivations were used for EOG recordings (Pg1/Pg2, Cb1/Cb2), two in
the external edge of both eyes (horizontal movements) and two 1 cm above and below the left eye
(vertical movements). A Notch filter peaking at 60 Hz was used, the signal was amplified by a factor of
gain = 1000 and filtered between 0.05 Hz and 30 Hz. The inter-electrode impedance was always kept
below 5 kΩ. All recordings were obtained at a sampling rate of 200 Hz.
Data analysis was performed with EP Workstation v 1.4 (Havana, Neuronic SA). EEG was
segmented offline in epochs of 1000 ms duration (-300 to 700 relative to stimulus presentation). All
segments were visually inspected and those containing non-stereotyped artifacts (e.g., swallowing, cable
movement, etc.) or eye blinks occurring during target presentation were discarded.
The EEG activity recorded for each condition in the selective attention task was differentially
processed. For the EEG recorded in Stage 1 all segments from both high and low perceptual load
conditions were separated according to the criterion of whether the face associated with these segments
was explicitly remembered or not on stage 2 and averaged independently. It provided evidence of both
conscious face processing and covert face recognition.
The EEG relative to Stage 3 in every subject was analyzed and averaged separately according to
high and low perceptual load trials. Those averages were subtracted to the corresponding condition in
Stage 1 in order to isolate the electrophysiological response to the faces displayed in Stage 1. Grand
averages were calculated from these difference waveforms for each condition. The amplitude of the
ERPs was corrected by subtraction of the mean amplitude value of the pre-stimulation period.
Three different and non-overlapping time windows were defined on the grand average waveforms
for analyzing the experimental effects on the N200, P300a and P300b event-related potentials. The
individual mean values of amplitude within these time windows were exported to the software Statistica
v6.0 (StatSoft Inc.), where a repeated measures ANOVA was conducted. The subjects whose values
exceeded the variance criterion of 1.5 were removed from the analysis. The factors that were taken into
account were: type of processing (2 levels: conscious and covert), familiarity of the stimulus (2 levels
(familiar and novel) and electrodes (5 levels: Fp1/Fp2, Fz, Cz, Pz).
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3. Results
Behavioral results.
The mean reaction times for classifying letter strings in both conditions of the selective attention task
are shown in figure 2. The subjects were significantly slower in their response in trials with high
perceptual load (t(17)=10.19, p=0.0001), demonstrating an effective manipulation of the perceptual load
in our experiment.

Figure 2. Mean reaction times in both conditions in the selective attention task.

The mean percentage of affirmative answers in the unexpected face recognition test (Stage 2)
differed according to the presentation status of every face in Stage 1 (F (2, 44) = 12194, p = 0001), as
shown in figure 3. The planned comparisons showed that, as expected, the subjects responded
affirmatively more often to familiar faces in the high and low perceptual load conditions than to newly
presented familiar faces (p=0,001 and p=0,008 respectively). More importantly, there was a significant
effect of the perceptual load on the performance of the recognition’s memory. Subjects responded
positively more often to familiar faces previously displayed in Stage 1 under low perceptual load
conditions when compared with those displayed under high perceptual load conditions (p=0.03).
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Figure 3. Mean percentages of “yes” responses in the unexpected face recognition test (Stage 2). The
performance in the explicit recognition of familiar faces was based on the experimental condition; low load,
high load, or new. The probability values shown are results of planned comparison tests in the rmANOVA.

ERPs.
The grand average ERPs elicited by the presentation of familiar and novel faces, conscious or covertly
processed, are shown in figure 4. The presence of the P300 component is evident as well as a previous
negativity waveform between 360 and 450 ms. This negativity showed a higher amplitude in trials where
familiar faces were displayed, compared with novel faces, both consciously processed, in the electrodes
Cz and Pz (p=0.03 and p=0,001, respectively). The amplitude modulation observed for this component is
possibly due to optimal perceptual conditions for processing the emotional information coupled with each
of the familiar faces.
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Figure 4. Evoked potentials elicited by familiar and novel faces, both conscious and covertly processed by
normal subjects. The cursor marks the N200 component, P3a and P3b.

The P300 waveform was generated only by familiar faces both consciously and covertly processed,
suggesting their recognition by the visual system. In addition, the identification of two sub-components,
P3a and P3b, was also possible (Fig. 4). The P3a sub-component was larger on the electrodes Fz, Fp1 and
Fp2 and showed a shorter latency than the P3b. This component has been related to the availability of
emotional information, associated in the facial recognition system to the identity of a familiar person. The
amplitude and latency of the component P3b proved to be the same for all conditions under consideration,
although it was larger than the one recorded in classic "oddball" paradigms with acoustic stimuli.
In the P3a sub-component, despite the fact that the amplitude was greater for familiar faces processed
consciously as compared to the P3a generated by familiar faces covertly processed; this difference was
not significant on any of the electrodes considered (Fig. 5).
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Figure 5. Evoked potentials elicited by familiar and novel faces, both conscious and covertly processed by
normal subjects. The time window considered for the assessment of the differences found in the N200 between
the two types of processing is shown.

On the other hand, the above mentioned negativity, located between 360 and 450 ms, showed a
higher amplitude when generated by familiar faces consciously perceived, compared to the one elicited by
covertly processed familiar faces (Fig. 5). This difference was significant only in the Pz derivation
(p=0.04) (Fig. 6). These results suggest that this potential could be used as an electrophysiological index
of covert face recognition in normal subjects.
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Figure 6. Comparison between the average voltage differences in the N200 recorded from each of the
derivations considered.

4. Discussion
In our experiment the perceptual load of the task was efficiently manipulated. Specifically, the
conscious recognition of familiar faces was heavily influenced by the perceptual load of the letter string
task. The subjects recalled less familiar faces in the high load condition compared to the low load
condition. The presence of the P300 component, divided into the P3a and P3b sub-components, indicates
that conscious and covertly processed familiar faces were identified by the facial recognition system.
Even though the P3b component was not modulated by the recognition factor, this modulation was
obvious in the N200 waveform. The differences in amplitude of the N200 observed for conscious and
covertly processed familiar faces permit the differentiation between the processes of conscious and
covert recognition in healthy subjects.
The obtained behavioral results largely replicate those presented by Jenkins et al. [Jenkins et al,
2002] and are fully consistent with the perceptual load theory of selective attention proposed by Lavie
[Lavie, 2000]. According to this theory, perceptual processing has a limited capacity. Within these limits,
processing occurs automatically starting with relevant stimuli and followed by the subsequently
irrelevant stimuli until the available capacity is exhausted. Such approach infers that the amount of
processing dedicated to an irrelevant task is influenced by the perceptual load of the relevant task. In our
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study, color judgment of the letter strings (low perceptual load task) only requires small amounts of
attentional resources for its efficient performance [Treisman, 1993]. In this case, there are sufficient
neural resources to process faces presented simultaneously to the letter strings. However, the
identification of a target letter among the similarly-shaped letters in a given string (high perceptual load
task) demands focused attention, a condition in which a reduced online distracter processing is evinced in
previous studies [Lavie, 1995]. In this situation, the subjects don’t have enough neural resources for
processing the faces and they, therefore, fail repeatedly in the recognition of the identity of the face.
The above described dissociation between conscious and covert recognition of identity recreates in
normal subjects the state experienced by some prosopagnosic patients. Several patients are able to
discern the faces of relatives but do not have access to the semantic information associated with them
[Renault et al, 1989; Bobes et al, 2004; Bobes et al, 2007; Barton et al, 2007]. In our experiment, even
though all of our subjects may perceive a simultaneous display of letter strings and faces, they can not
perform an explicit recognition of the identities due to the attentional manipulations. This situation
differs from the situation recreated by the paradigms of perceptual masking. In these experiments, the
situation of explicit recognition is generated by the subliminal presentation of familiar stimuli that are
finally masked [Stone et al, 2001; Balconi, 2006; Morris et al, 2007]. In these cases, the subjects
involved in the study, unlike prosopagnosic patients, can not even perceive the nature of the masked
stimuli.
On the other hand, the presence of the P300 component, specifically the P3b sub-component,
suggests that covert processing of familiar faces is relatively deep and involves access to the person’s
identity. The parieto-central P300 (P3b) component exhibits a delay in latency during very informative
trials (especially when something unexpected happens) and is generated only when subjects pay attention
to the stimulus [Ruchkin et al, 1990; Picton, 1992]. Additionally, the amplitude of P3b has been directly
linked to the confidence of the subject during decision-making [Squires et al, 1973]. Still, a much
debated, accepted interpretation suggests that the P3b sub-component reflects the update of the working
memory regarding the explicit recognition of stimuli [Donchin and Coles, 1988; Verleger, 1988]. In our
work, the presence of the P3b sub-component for covert facial recognition matches earlier records in
literature [Bobes et al, 2004] and constitutes a fact, even without an acceptable explanation.
The central-frontal P3a sub-component was also elicited in our results. This waveform may reflect a
more automatic and less attention-dependent processing [Escera et al, 1998; Schroger et al, 2000;
Bledowski et al, 2004; Volpe et al, 2007]. Recent studies have also linked this component with the
availability of emotional information, attached by the facial recognition system to a familiar person's
identity [Bobes et al, 2007]. According to this idea, it’s logical to expect that this component is activated
during conscious and covert recognition of familiar faces [Bobes et al, 2004]. However, in accordance to
our results, an alternative explanation is possible. While patients with some kind of brain damage exhibit
a different functional status possibly due to the neural reorganization of their cognitive systems, in
absence of such injuries the P3a component is modulated by consciousness in healthy individuals. It
would explain the reduction in amplitude shown during covert processing of familiar faces, although in
our study these differences were not significant. Among the main causes of this lack of significance must
be considered the small number of electrodes analyzed here. It is possible that the widest differences in
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amplitude of P3a waveform could be recorded by electrodes not included in our study. In addition,
because of the paradigm used in our study, our ranking of the state of consciousness of the subjects
during the selective attention task relays on inferences made from the stored information in the explicit
recognition memory of the participants. According to a study by Hannula et al. [Hannula et al, 2005], the
use of subjective reports for making inferences about the state of consciousness provides, at best, a weak
support for implicit perception. The subjective records of consciousness are often based on either
sensitivity to the presence of the stimulus, like the participant's decision criterion. More importantly, it
has been described that in most cases the observers do not fully trust their perceptual experience
[Bjorkman et al, 1993] when dealing with situations of uncertainty as lack of perception. That possibility
applied to our study represents a potential source of noise within the signal recorded for familiar faces
unconsciously processed, even though in our case we are not interfering with the perception of stimuli
but with their recognition.
Finally, several studies described in literature examine the electrophysiological response generated
directly by emotional stimuli and have found that the amplitude of the P300 component is modulated
mainly by the stimulus’ valence [Amrhein et al, 2004; Rozenkrants et al, 2008]. Even though the
contribution of individual variance on the P300 caused for the emotional information attached to familiar
faces was not considered in our study, it is necessary to emphasize that such source of noise should not
make a significant contribution within the signal recorded for unconsciously processed familiar faces.
Despite the fact that the known faces used here are highly familiar to the participants, being faces from
colleagues, they are not relatives of each participant and therefore, the emotional information is possibly
weaker.
On the other hand, despite the fact that relatively little is known about what kind of cognitive
processes are actually reflected by the N200, its sensitivity to facial stimuli indicates that probably it is
related to a categorical processing (where a face is perceived as a face) [Halgren et al, 2000]. Another
studies described in the literature have shown that the N200 is not affected by the familiarity [Rosburg et
al, 2005], a fact that might seem surprising because facial features such as eye gaze direction [Puce et al,
2000], the number or type of facial attributes [McCarthy et al, 1999] and emotional judgements
[Pizzagalli et al, 2002] modulate this component both in latency and amplitude. In the specific case of
our study the differences in amplitude of the N200 waveform elicited by familiar faces in both low and
high perceptual load conditions of the relevant task, allow a distinction between processes of conscious
and covert face recognition in healthy subjects. Recently, Breen et al. [Breen et al, 2000] have changed
the model for facial recognition proposed by Bruce and Young [Bruce and Young, 1986], including an
independent route from the facial recognition units (FRUs) towards an emotional system, which would
be responsible for the covert face recognition.
According to these authors, there is a primary structural encoding of different facial attributes as well
as its configuration. Subsequently, the facial representation obtained is compared to stored information in
the facial recognition unit. From this point originate two separate neural pathways: one of them runs
directly towards the personal identity nodes (PIN). From there, the pathway continues until the
recollection of the person’s name whose face was shown. The activation of this system would lead to
conscious recognition of the identity and involves brain structures such as the lower occipital gyrus and

257

the lateral fusiform gyrus. The second route is directed toward a neural system responsible for the
generation of an affective response to the observed familiar face. This system would be responsible for
the covert face recognition incorporating structures such as the amygdala, ínsula, orbit-frontal cortex and
the limbic system.
We can conclude that the results obtained here are evidence supporting the perceptual load theory
for explaining selective attention processes proposed by Lavie [Lavie, 2000]. Additionally, the
differences observed for the N200/P300 complex obtained for conscious and covertly processed familiar
faces, constitute electrophysiological evidence for the dissociation of conscious face processing and
covert face processing in neurologically intact individuals.
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