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Abstract:  Electroencephalograms were recorded from the scalp while participants viewed sequences of photographs including their own faces amongst a number of unfamiliar faces, one of which was given a name.  The event-related potentials (ERPs) obtained in the three conditions exhibited small but significant differences at 170 ms, with much larger differences appearing at 250 ms and 400 ms following stimulus onset. The characteristics of own-face and unfamiliar-face processing were quite distinct and remained roughly constant throughout the course of the experiment. Responses to the named face varied significantly with time, being more similar to the responses to the other unfamiliar faces at the beginning of the experiment, but increasingly resembling the own-face responses near the end, especially at occipital-parietal locations.
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Introduction

Many aspects of human face perception have been well studied (Allison et al., 1999; McCarthy et al., 1999; Puce et al., 1999), but results in certain areas remain inconclusive. In particular, effects correlated with perception of familiar vs. unfamiliar faces, as exemplified by perception of one’s own face, stand in need of further elucidation. Previous work has returned results which are not entirely consistent (Tanaka & Porterfield, 1991; Tanaka et al., 2004).

While some studies have shown that the N170 component is not modulated by the familiarity of face stimuli  (Bentin & Deouell, 2000; Eimer, 2000; Scweinberger et al., 2002), others have demonstrated that both N170 and P3b are modulated by perceptual difficulty and target familiarity (Campanella et al., 2000; Caharel et al., 2002).

In this study, we recorded event-related potentials (ERPs) during the course of a face identification task in order to clarify these effects, as well as to disentangle the interaction between the N170, N250, and N400 components.

Related Work

Böhm, & Sommer, (2005) found that N250r was not sensitive to differences between incidental and intentional recognition, indicating that familiar faces are recognized even when their identification is not required by the task.  In contrast, the N400 showed an effect of intention, indicating that the neural generation of the N400 may vary with recognition intention.

Paller et al. (2000) compared N400 effects to “named faces”, “unnamed faces” and “new faces.” For named faces vs. new faces, N400 was reduced anteriorly and posteriorly, while for unnamed faces vs. new faces, only the posterior effect appeared.  They concluded that the anterior effect was correlated with semantic processing while the posterior effect was related to visual processing.

Tanaka & Porterfield (2001) measured an enhanced N170 in response to participants’ own faces, whereas Tanaka et al. (2004) failed to replicate this effect.  They did, however, record an enhanced N250 for own faces, suggesting this component is sensitive to familiarity. It should be noted that this component is distinct from the N250r, as reported elsewhere (Pickering & Schweinberger, 2003; Böhm & Sommer, 2005). Interestingly, the authors found that experimentally induced familiarity to a target face resembled the N250 to own face in the second half of the experiment but not the first half.  This result suggests that the N250 is modulated by familiarity.

Theoretical Background

The current consensus regarding cognitive models of face perception seems to favour the “interactive activation and competition” (IAC) model, which is derived from an early proposal by Bruce & Young (1986).  This model has been developed over the years (Burton, Bruce & Johnston, 1990; Bruce, Burton & Craw, 1992) into a well-formed connectionist architecture based on cooperative/competitive dynamics, which predicts and/or explains many of the experimental findings in the field (Burton, Bruce & Hancock 1999).  It is important to note that the model is expressed in a way that is necessarily highly schematic, without specific neuro-anatomical correlates.  Nonetheless, a growing body of electrophysiological and functional imaging results (Haxby, Hoffman & Gobbini, 2000; Schweinberger & Burton, 2003) is providing a remarkably close match between the main functional blocks of the model and the functional neuroanatomy of face perception.

According to the IAC model, an initial view-centric representation is formed by some loosely specified image processing and feature extraction primitives, which supposedly operate in a manner not unlike principal components analysis (PCA).  This visual-feature-based encoding allows the stimulus to be classified as a face and transformed into a view-independent representation, commonly referred to as a “structural encoding”.  This stage of processing has been well-localized to the inferior occipital gyri and correlated with the N170, which is modulated by experimental manipulations in ways which are strongly indicative of a role in face detection and structural encoding (Bentin et al., 1996; Bentin & Deouell 2000; Bartlett & Searcy, 1993).

The structural encoding, which captures the invariant aspects of a face in a manner which makes it suitable for context-free identification of particular individuals, is presumed to be passed on in parallel to a pool of so-called Face Recognition Units (FRUs), of which there is supposed to be one for every known face.  FRUs are mutually inhibitory, forming a winner-take-all network amongst themselves, while having mutually excitatory coupling with Person Identification Nodes (PINs).  PINs are loci of convergence for face, name, and voice recognition, among other things.  This stage of processing apparently takes place in the ventral occipitotemporal cortex, specifically in the lateral fusiform gyri, also referred to as the fusiform face area, and results in the N250r (Begleiter et al., 1995), which is thought to be related to face identification.

Concurrently, it is thought that the variable aspects of the face are extracted and projected to a cortical region located in the superior temporal sulcus, where such things as gaze direction, facial expression, mouth movements are processed (Allison, Puce & McCarthy, 2000).

The PINs, in turn, are defined by the model to be coupled to Semantic Information Units (SIUs) which encode knowledge generally.  This becomes knowledge about a specific person when a link exists between a given PIN and a given SIU.  This processing seems to take place in left temporoparietal regions and the left anterior middle temporal gyrus, which are proposed (Tempini et al., 1998) to mediate the semantic linkage between particular persons and specific items of information; also the left anterior temporal pole may be involved in the association of names and faces (Grabowski et al., 2001).  The timing of this processing can be inferred from the fact that the interaction of names, faces and semantics (Paller et al., 2000; Pickering & Schweinberger, 2003) gives rise to a variety of differential N400 modulations.

It is important to note, particularly in regard to tasks involving categorical decisions and face identification in the presence of both familiar and unfamiliar faces, that N250 and N400 overlap – at least partially – in space, time and functional significance, with the P300 component. P300 has been found to correlate with key discriminant features affecting categorical decisions in the context of face perception (Smith, Gosselin & Schyns, 2004). In recent work (Polich, 2004), the frontocentral P3a is considered indicative of the engagement of attentional resources in the frontal lobe and modulated chiefly by stimulus novelty and classification difficulty, while the centroparietal P3b is associated with updating parietal representations of the stimuli and modulated by such factors as information content and task relevance.

Given that the N170 appears to provide a marker for recognition of faces vs. non-faces and the N400 provides evidence for semantic activation with regard to familiarity vs. non-familiarity as well as task-relevance, the present study focuses on identifying neural correlates of identity recognition.  Tanaka et al. (2004) found that the N250 was modulated by a pre-experimentally familiar face, one’s own face, suggesting that recognition of identity may occur at this relatively early stage.  Further, they found that a face with experimentally induced familiarity, Joe, modulated the N250 during the second half of the experiment, suggesting that the N250 component is sensitive to the degree of familiarity.

Following the paradigm of Tanaka et al. (2004), the present study aims to investigate the electrophysiological differences between a highly familiar face, one’s own, an experimentally familiar face, Joe, and unfamiliar faces.  Based upon previous findings, we predicted that the N170 would not be affected by familiarity, while the N250 and N400 would both be sensitive to familiarity and show the strongest effect for own face.  Further we hypothesized that the N250 for Joe would change from first to second half of the experiment as Joe becomes more familiar over time.  We also predicted that the N400 would be sensitive to semantics with the strongest effect shown for own face and Joe. The results did reveal a small latency variation of the N170, but otherwise verified these predictions.
Materials and Methods 

Participants

Twelve graduate students in Psychology from the University of Victoria, ages 23 to 55 (31 ± 11) years, participated in this study.  There were 6 males and 6 females; 11 were right handed and 1 was left handed. All participants had normal or corrected-to-normal visual acuity and normal colour vision and none had a history of neurological disorders. This study was conducted as a part of a graduate course in ERP research, however participation was voluntary and all participants gave informed consent.

Apparatus and Stimuli

Stimuli consisted of grayscale images of human faces, digitized at a resolution of about 120×180 pixels, presented on a 17-inch, 1024×768 CRT monitor using E-Prime experiment control software (Psychological Software Tools, Pittsburgh, PA). These stimuli were viewed from a distance of about 70 cm in a quiet, dimly lit room, and subtended viewing angles of about 3.3° horizontally and 5° vertically.

Each participant viewed 12 distinct faces. One of these was the participant’s own face, and the remaining 11 were completely unfamiliar faces. The pictures of the participants’ own faces were taken expressly for this experiment to ensure that the participants had never seen them before the beginning of the experiment.  Thus, at the purely perceptual level, all of the faces were equally unfamiliar. One of the unfamiliar faces, of the same sex as the participant, was designated as the target face and named Joe or Jane, according to sex. Target faces were counterbalanced so that each of the unfamiliar faces served as the target face for one participant.

Experimental Procedures

Images were presented in 4 blocks of 9 sets of 24 trials, except the last block, which had 8 sets, for a total of 840 trials. Stimulus faces were presented in random order, with the proviso that no picture ever appeared twice in a row.  The sequence of events that comprised one trial is depicted in figure 1.
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Fgure 1 – timing of stimulus presentation.

Each trial began with the display of a fixation mark in the form of a ‘+’ sign, which remained at the centre of the screen for a period of 500 ms.  One of the face stimuli was presented immediately afterwards, and remained visible for 500 ms. The stimulus was followed by a blank screen for 500 ms. Following the post-stimulus delay, the participant was prompted for a response by the single-word question “Joe?” (or “Jane?” depending on the sex of the target stimulus), which was displayed for one full second in order to give the participant ample time to respond.

The required response was to press a button with the left or right index finger (randomized between participants) if the picture was Joe, and otherwise to press another button with the other index finger.  Immediately following the response, or upon the effluxion of the time allowed for response, the screen was again blanked for an inter-trial delay of one second. Participants were given a self-timed rest between sets, and longer breaks between blocks, while the electrode impedances were checked and corrected if necessary.

Electrophysiological Recordings

Electroencephalograms were recorded using a montage of 21 electrodes, placed at locations selected from the extended international 10-20 system (Jasper 1958), as shown in Figure 2.

Signals were acquired using sintered Ag/AgCl ring electrodes mounted in a nylon electrode cap (Falk Minow Services, Herrsching) and amplified by low-noise electrode amplifiers with a frequency response of DC – 67.5 Hz.  The amplified signals were digitized at a rate of 250 samples per second to 22-bit accuracy, giving a resolution of 71.5 nV/ bit and a full-scale range of ±150 mV. Digitized signals were recorded to disk using Brain Vision Recorder software (Brain Products GmbH, Munich).  Inter-electrode impedances were maintained below 5 K.

A linked mastoid reference was used, and electrooculogram (EOG) recordings were taken for artefact removal.  Horizontal EOG was recorded from the external canthi of both eyes, while vertical EOG was recorded from the suborbit of the right eye and referenced to Fp2.

To minimize electrical noise, these measurements were taken in an electrostatically shielded room. All computers and electronic equipment used in the experiment were located outside this room, except the electrode amplifiers, the CRT monitor used for stimulus presentation, and the response buttons.
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Figure 2 – layout of the electrode montage.  Populated electrode sites are shown in black, with unpopulated sites shown in light grey for reference.

Data Analysis

Postprocessing and data visualization were performed using Brain Vision Analyzer (Brain Products GmbH, Munich).  Epochs of 1100 ms were segmented offline, extending from 200 ms prior to 900 ms following stimulus onset.  The digitized signals were filtered using a 4-th order digital Butterworth filter having a pass band of .10 – 40 Hz.  Trials with eye-movement artefacts were removed using the Gratton-Coles algorithm (Gratton et al. 1983) and excluded from further analysis.  Muscular and other artefacts were removed using a ±100 μV level threshold and a ±50 μV step threshold as rejection criteria.  The voltage on each electrode is reported relative to a baseline established by the mean voltage on that electrode during the 200 ms interval preceding stimulus onset.

Statistical analysis of averaged ERP data was carried out on artefact-free trials with correct behavioural responses.
 Based on previous literature, we isolated 11 out of the 16 electrodes to assess regional potential differences. The following electrodes were selected for each component. For N170: parietal-occipital (PO7, PO8).  For N250: frontal (F7, F8), parietal-occipital (PO7, PO8), and central (Fz, Cz). For N400: frontal (F7, F8), temporal (T7, T8) and central (Fz, Cz, Pz). Multivariate repeated measures ANOVAs were carried out separately for each ERP component using the amplitude and latency extrema at each of the selected electrodes (in the time ranges appropriate for each component; see above) as dependent variables.  Position (left and right or frontal, central and parietal, as appropriate for the channels in each case), time (1st and 2nd half of the experimental trials) and face condition (own, Joe, and control) were within-subject factors. Following recommendations by Picton et al. (2000), Greenhouse-Geisser values were used to compensate for non-sphericity. When overall ANOVAs were significant, simple linear pairwise contrasts using Bonferroni corrections were performed on each level of the within-subject factors. For descriptive data on latency and amplitude for each of the ERP components see Tables 1-3.

Table 1. Descriptive statistics for N170

	
	Parietal-Occipital (PO7 / PO8)

	
	Amplitude
	
	Latency

	 
	Mean
	SEM
	 
	Mean
	SEM

	Channel
	
	
	
	
	

	Left 
	-1.26
	1.17
	
	167
	2.7

	Right
	-0.52
	1.51
	
	168
	1.7

	Time
	
	
	
	
	

	First Half 
	-0.92
	1.27
	
	166
	1.8

	Second Half
	-0.86
	1.19
	
	169
	1.8

	Condition
	
	
	
	
	

	Own 
	-1.39
	1.39
	
	168
	2.0

	Joe
	-0.51
	1.10
	
	167
	1.7

	Control
	-0.77
	1.23
	
	168
	2.2


Table 2. Descriptive statistics for N250

	
	Frontal (F7 / F8)
	
	Parietal-Occipital (PO7 / PO8)
	
	Central Postions (Fz / Cz)

	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency

	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM

	Channel
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Left 
	-1.03
	0.52
	
	248
	4.0
	
	3.67
	1.23
	
	254
	4.8
	
	-1.43
	0.62
	
	259
	3.3

	Right
	-0.94
	0.48
	
	250
	2.7
	
	5.44
	1.84
	
	261
	4.0
	
	-1.81
	0.74
	
	257
	4.0

	Time
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	First Half 
	-1.01
	0.46
	
	251
	3.8
	
	4.42
	1.59
	
	256
	4.1
	
	-1.93
	0.72
	
	258
	4.0

	Second Half
	-0.96
	0.48
	
	247
	3.0
	
	4.69
	1.47
	
	259
	4.6
	
	-1.30
	0.67
	
	258
	3.3

	Condition
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Own 
	0.55
	0.45
	
	246
	4.8
	
	1.32
	1.81
	
	262
	3.1
	
	-0.40
	0.95
	
	261
	3.7

	Joe
	-1.38
	0.52
	
	247
	3.7
	
	5.60
	1.46
	
	256
	5.3
	
	-1.45
	0.52
	
	254
	4.1

	Control
	-2.12
	0.54
	
	253
	3.6
	
	6.75
	1.45
	
	254
	5.4
	
	-3.00
	0.68
	
	259
	4.0


Table 3. Descriptive statistics for N400
	
	Frontal (F7 / F8)
	
	Parietal-Occipital (PO7 / PO8)
	
	Central Positions (Fz / Cz)

	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency

	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM
	 
	Mean
	SEM

	Channel
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Left 
	-1.52
	0.56
	
	402
	4.7
	
	-1.05
	0.41
	
	385
	4.1
	Fz
	-1.20
	0.66
	
	388
	3.9

	Right
	-1.60
	0.49
	
	401
	4.0
	
	-0.51
	0.45
	
	382
	2.3
	Cz
	-0.77
	0.92
	
	377
	3.7

	
	
	
	
	
	
	
	
	
	
	
	
	Pz
	2.19
	0.93
	
	379
	3.4

	Time
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	First Half 
	-1.63
	0.56
	
	404
	4.0
	
	-0.87
	0.41
	
	383
	3.1
	
	0.31
	0.86
	
	383
	4.2

	Second Half
	-1.49
	0.48
	
	398
	4.0
	
	-0.69
	0.40
	
	385
	3.1
	
	-0.17
	0.73
	
	380
	2.9

	Condition
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Own 
	-1.05
	0.69
	
	382
	4.2
	
	-0.15
	0.62
	
	361
	2.8
	
	2.23
	0.95
	
	358
	1.9

	Joe
	-1.59
	0.53
	
	413
	7.1
	
	-1.32
	0.38
	
	389
	3.6
	
	-0.95
	0.92
	
	384
	5.1

	Control
	-2.03
	0.44
	
	408
	6.8
	
	-0.86
	0.43
	
	401
	6.2
	
	-1.06
	0.79
	
	403
	7.3


Data Presentation

The characteristics of the N170, N250 and N400 components are presented in a relatively novel way in Figures 3 - 7.  The latency and amplitude of each peak is plotted with vertical and horizontal error bars indicating the standard error of the mean (S.E.M.) in amplitude and latency, respectively.  For each point plotted in this way, the ellipse indicates the estimated shape of the joint probability distribution.  Half of the probability mass lies within the ellipse, with the other half spread over the entire remainder of the plane, out to infinity in all directions.  Roughly speaking, the separation between two locations on the plane is statistically significant if the ellipses do not overlap. Of course, observations of this nature are not replacements for rigorous statistical analysis, but rather act as a guide for the allocation of analytical effort.

The advantage of this method of presentation is the clarity with which it depicts complex relationships. Referring to figure 3b, for example, it is easy to see that all the ellipses overlap except the dark green one and light green one, while these two are rather far from overlapping. Thus it is immediately clear that the variation in latency of the N170 at PO8 between the first half and the second half of the experiment is statistically very significant for Joe, insignificant for Control, and absent for Own. Figure 4c provides another striking example. The own-face effect for N400 at Pz at all times is glaringly obvious. It is also very clear that Joe and Control differ significantly in the second half, but not in the first. Finally, it can be seen that Control does not change significantly from the first half to the second. These observations show that the parameters associated with processing Own and Joe remain localized in distinct and relatively constant clusters while those of Joe move between these clusters.
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Figure 3 – Amplitude and Latency of N170 by Condition and Time
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Figure 4 – Amplitude and Latency of N400 by Condition and Time




Results

Effects of Position, Time and Condition on Amplitude and Latency for the N170

A main effect of time on latency was found (p = .02), with the shortest latency yielded in the first half of the experiment compared to the second half (see Table 4). Further, an interaction was found (p = .04) between channel and condition for latency, with Joe showing  a shorter latency at PO7 as compared to all other combinations of condition with channels PO7 and PO8.   No significant effects on the amplitude of the N170 were found on the above channels.

Table 4. Results of Repeated Measures ANOVA for N170 

	 
	Parietal-Occipital (PO7 / PO8)
	 

	Effects
	Amplitude
	
	Latency
	 

	 
	F
	p
	 
	F
	p
	 

	Channel
	0.41
	0.54
	
	0.20
	0.66
	

	Time
	0.03
	0.87
	
	8.20
	0.02
	*

	Condition
	2.03
	0.16
	
	0.04
	0.92
	

	Chan x Time
	3.84
	0.08
	
	1.22
	0.29
	

	Chan x Cond
	0.24
	0.73
	
	0.14
	0.04
	*

	Time x Cond
	1.02
	0.37
	
	0.60
	0.53
	

	Chan x Cond x Time
	2.03
	0.16
	
	2.32
	0.15
	


*     - Significance (p< 0.05)

**   - Significance (p< 0.01)

*** - Significance (p< 0.001)

Effects of Position, Time and Condition on Amplitude and Latency for the N250

A main effect of condition on amplitude was found (p < .001) at all channels, with the direction varying from one channel to another (see Table 5). Frontally and centrally, Own-face showed the smallest negativity in the N250 waveform, followed by Joe, with the Control being the most negative. Occipitally, by contrast,  Own-face showed a significantly greater negativity compared to Joe and Control, which did not differ significantly from each other. A main effect of channel was found occipitally (p = .01), with a shorter latency observed at PO7 compared to PO8. Further, a significant interaction was identified (p = .02) between time and condition for latency at frontally located  channels (F7 and F8), with Own-face, Joe and Control peaking successively later during the first half of the experiment, while Own-face and Control peaked at approximately at the same time and Joe peaked significantly earlier than the other two conditions during the second half.

Table 5. Results of Repeated Measures ANOVA for N250

	 
	Frontal (F7 / F8)
	 
	Parietal-Occipital (PO7 / PO8)
	 
	Central Postions (Fz / Cz)

	Effects
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency

	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p 

	Channel
	0.05
	0.83
	
	0.54
	0.48
	
	5.56
	0.04
	
	9.63
	0.01
	**
	1.22
	0.29
	
	0.22
	0.65

	Time
	0.09
	0.77
	
	1.44
	0.26
	
	0.36
	0.56
	
	1.82
	0.21
	
	2.02
	0.18
	
	0.01
	0.91

	Condition
	28.1
	0.00
	***
	1.48
	0.25
	
	25.8
	0.00
	***
	2.86
	0.09
	
	10.66
	0.00
	***
	1.99
	0.07

	Chan x Time
	0.82
	0.38
	
	1.10
	0.32
	
	3.71
	0.08
	
	0.76
	0.40
	
	0.70
	0.42
	
	1.89
	0.20

	Chan x Cond
	0.66
	0.51
	
	1.23
	0.30
	
	0.77
	0.47
	
	0.12
	0.87
	
	0.73
	0.49
	
	2.68
	0.10

	Time x Cond
	1.15
	0.34
	
	4.75
	0.02
	*
	1.69
	0.21
	
	1.09
	0.34
	
	0.94
	0.41
	
	1.91
	0.18

	Chan x Cond x Time
	1.29
	0.30
	 
	2.30
	0.13
	 
	2.94
	0.09
	 
	1.42
	0.26
	 
	1.57
	0.24
	 
	0.74
	0.47


*     - Significance (p< 0.05)

**   - Significance (p< 0.01)

*** - Significance (p< 0.001)

Effects of Position, Time and Condition on Amplitude and Latency for the N400

A main effect of condition on amplitude was found (p < .001) at all medially located channels (Fz, Pz and Cz) in the N400 waveform, again with Own-face being significantly more positive compared to Joe and Control, which did not differ significantly from each other (see Table 6).  Further, a main effect of condition on latency was found at all channels (p < .001) for the N400, with Own-face peaking earliest, Joe peaking next, and Control peaking last at all channels. However, this effect was least distinct at occipital channels. A main effect of channel on latency was found (p = .02) for the N400 at medial locations, with Cz peaking first, followed shortly by Pz, and Fz being significantly delayed as compared to the other two channels. Further, an interaction was identified between time and condition for latency (p = .02), again at medial locations, with both Own-face and Joe peaking earlier in the second half of the experiment, while Control peaked later in the second half, compared to the first half. Although Joe and Control moved apart between the first and the second half, Joe remained significantly earlier than the other two conditions across time.  Finally, a borderline-significant effect of time on latency was found at frontal channels (p = .06), with Own-face becoming later, Control becoming earlier, and Joe remaining constant across time.

Table 6. Results of repeated measures ANOVA for N400

	 
	Frontal (F7 / F8)
	 
	Temporal (T7 / T8)
	 
	Central Postions (Fz / Cz / Pz)
	 

	Effects
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency
	
	Amplitude
	
	Latency
	

	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p
	 
	F
	p 
	 

	Channel
	0.07
	0.79
	
	0.04
	0.85
	
	2.27
	0.16
	
	0.58
	0.46
	
	22.61
	0.00
	***
	5.03
	0.02
	**

	Time
	0.34
	0.57
	
	4.53
	0.06
	+
	1.21
	0.29
	
	0.44
	0.52
	
	2.78
	0.12
	
	0.52
	0.49
	

	Condition
	2.56
	0.13
	
	8.17
	0.00
	***
	2.84
	0.10
	
	21.94
	0.00
	***
	13.21
	0.00
	***
	18.38
	0.00
	***

	Chan x Time
	1.21
	0.29
	
	0.36
	0.56
	
	2.48
	0.14
	
	2.82
	0.12
	
	0.95
	0.37
	
	1.02
	0.37
	

	Chan x Cond
	1.50
	0.25
	
	0.98
	0.39
	
	0.09
	0.82
	
	0.38
	0.56
	
	2.44
	0.12
	
	1.02
	0.38
	

	Time x Cond
	0.94
	0.40
	
	0.80
	0.43
	
	0.59
	0.54
	
	0.02
	0.96
	
	1.34
	0.28
	
	4.57
	0.02
	**

	Chan x Cond x Time
	2.12
	0.15
	
	0.35
	0.70
	
	0.99
	0.38
	
	1.41
	0.27
	
	1.26
	0.31
	
	0.94
	0.97
	


*     - Significance (p< 0.05)

**   - Significance (p< 0.01)

*** - Significance (p< 0.001)

Discussion

This study extends our understanding of the effect of familiarity on the time course of human face recognition.  In this regard, two different types of face familiarity were investigated.  First, a face that is already familiar prior to the experiment (own face) and second, a face that becomes familiar during the course of the experiment (Joe).  Processing under these two conditions was compared with processing of control faces, which were unfamiliar faces.  Our findings reveal systematic differences in the processing for each of these three conditions.  The characteristics of own face processing and control face processing are quite distinct and remain more-or-less constant throughout the course of the experiment.  Joe is processed similarly to the control face at the beginning of the experiment but is processed more like the own face by the end of the experiment.

These observations may be explained in terms of variations of familiarity, both across conditions and over time. Presumably, one’s own face is as familiar as any face can be and thus no change in the processing over time was expected or observed. The other faces, including Joe, are initially completely unfamiliar. Apparently, Joe becomes increasingly familiar over the course of the experiment but the other faces do not.  What sets Joe apart is that Joe is being preferentially attended to. The fact that Joe has been given a name may also play a role, but this study provides no basis for drawing this distinction, and therefore nominally groups any such effect together with preferential attention. What seems to be occurring, then, is that the familiarity of Joe is increasing rapidly as a result of this preferential attention.  Conversely, there is no appreciable change in the familiarity of the others, as exemplified by the control face, as there are no motivation to attend to them.

Observations regarding the N170

The observed main effect of time on latency at the N170 is primarily driven by latency variations at PO8, with the shorter latency in the first half of the experiment.  This could be explained by the fact that both Joe and control peak before own in the first half of the experiment, whereas own and control both peak after Joe in the second half, although in reverse order (see Figure 3).  The latency of own remains constant whereas control peaks shortly before own in the first half of the experiment, but shortly afterwards in the second half.  The peak for Joe is earliest of all three conditions in the first half and last of all conditions in the second half.  This result may explain why some previous studies have found an attentional modulation on the N170 while others have not.  We propose that high level attentional effects modulate the N170 most strongly during the familiarization process.  In the case where familiarity did not change at all, latency remained constant.  It would appear that preferential attention given to Joe results in a much greater effect for Joe compared to control.

Observations regarding the N250

The finding of a significant main effect of condition on amplitude for the N250  is in line with a previous study showing that this component is modulated by familiarity (Tanaka et al, 2004).  Occipitally, own face was more negative than Joe and control, whereas the opposite was the case frontally (see Figure 5).  To be more specific, the amplitude of the peak for own face remains roughly constant at all channel sites, while Joe and control are frontally negative and posteriorly positive.  Though no source localization was performed on the data, this pattern suggests the characteristic scalp projection of a frontal-posterior oriented dipole, which is slightly stronger for control than for Joe, and virtually absent for own face.

Further, the constant amplitude for own face for the N250 is reminiscent of the constant latency observed for the  N170.  In both cases, the constancy of the parameter (whether it be amplitude or latency) for own face may be related to the fact that the familiarity of one’s own face does not change appreciably over the course of the experiment.  In contrast, the high variability observed in these parameters for Joe and control is likely due to the fact that familiarity changes markedly for these two face conditions.  

The finding of a significant main effect of channel on latency for the N250, with all of the face conditions occurring later at PO8 than PO7, may reflect the tighter association between face identification and face recognition previously observed in the right fusiform gyrus (Begleiter et al., 1995).  Finally, the frontally observed interaction between time×condition for latency on the N250 is best understood by noting that the peak for the own face condition is becoming later over time while the peaks for Joe and control are both becoming earlier over time.  In other words, own face is moving in the opposite direction from the other two.
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	Figure 5 – Amplitude and Latency of N250 by Condition and Time[image: image26.png]DE&ECQSY






Although the three-way interaction between channel×time×condition failed to achieve significance for the sample size used in this study, it should be noted that the two-way interaction between time×condition is mostly driven by the large latency changes on F8.  This finding is in line with previously observed differences between the left and right anterior temporal regions with regard to establishing a link between faces and identities (Grabowski et al., 2001).

Observations regarding the N400

Our results showing a main effect of condition on latency for the N400 at all channels, with own face peaking significantly earlier compared to both Joe and control, suggests that stored semantic information associated with one’s own face becomes available much sooner after stimulus onset than that associated with Joe and control (see Figure 7).  In turn, semantic information associated with Joe becomes available slightly earlier than for control.  This pattern of results may be due to the much greater degree of familiarity of one’s own face compared to that of the other two face conditions.  The relatively smaller difference between Joe and control may be linked to preferential attention being paid to Joe.  
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	Figure 6 – Variation of Joe with time compared to constancy of Own and Control. [image: image27.png]R X3
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	Figure 7 – Amplitude and Latency of N400 by Condition and Time[image: image28.png]CTCCE
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The main effect of condition on amplitude for the N400 at medially located channels, with own face being significantly more positive compared to Joe and Control, is perhaps better understood as a latency effect than an amplitude effect (see Figure 8).  This reasoning is supported by the existence of a main effect of channel on latency at the same locations.  Examining the waveforms, it becomes clear that a large positive deflection occurring with an onset beginning at about 350ms for the own face condition is delayed by about 50ms for Joe and does not occur at all for control (see Figure 9).  One can possibly interpret this in terms of an oddball paradigm wherein own and Joe are two different kinds of oddballs viewed against the background of the control faces.  On this view, own and Joe both elicit a strong late positive complex (LPC) resembling a P300 waveform, with that elicited by Joe being delayed because it takes longer to complete semantic processing associated with Joe, as noted above.  In contrast, the N250 displays true amplitude effects (see Figure 9).  In other words, there is a genuine negative-going peak at 250ms in all of the waveforms which does in fact differ in amplitude from condition to condition.

 Figure 8 – Scalp topographies for own face, Joe, and control faces at 400 ms.
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	Figure 9 – Waveforms by time and condition at medial channels


Finally, the interaction between time and condition on latency at medial locations for the N400 follows the pattern which is by now familiar from the above discussion.  That is, own remained roughly constant in latency whereas Joe began closer to control in the first half and ended up closer to own face in the second half of the experiment (see Figure 6).  It is noteworthy that control moved farther away (becoming later and later over time) from own over the course of the experiment.  Once again the most likely inference that can be drawn from this data is that Joe is becoming increasingly familiar at an abstract level, beyond simple perceptual familiarity.

Interestingly, the latency for control increases over the course of the experiment, and this fact stands in need of an interpretation.  One possible explanation, which is consistent with the findings reported above, though by no means required thereby, may be that the time devoted to this stage of processing terminates when semantic information becomes available or when a certain maximum time has elapsed and that this maximum slowly increases (though presumably not without limit) in cases such as the control face, for which little or no information is available.

Summary and Conclusion

The results of our analysis consistently demonstrate that Joe is processed in manner that resembles the processing of control in the beginning of the experiment, but comes to resemble the processing of own face by the end of the experiment.  This implies that the familiarity of Joe increases over time, while that of the control does not, and the only factors available to account for this difference are the preferential attention paid to Joe and the fact that Joe has a name.  The significance of this potential confound remains to be determined by future work.  With regard to the N170, this differential attentional modulation  is conjectured to explain the observation of a relatively large change in latency for Joe, a smaller change for control and no change at all for own.  Based on this premise, the clear amplitude effects exhibited by the N250 would be explained by the rapid attention-driven change in familiarity of Joe over the course of the experiment, as compared to the constant familiarity of Own and the constant unfamiliarity of Control.  On the other hand, the observed variation of the N400 waveform was primarily in latency, which was conjectured to be caused by differences in the amount of time required to retrieve semantic information associated with the three face conditions.  The above observations serve to clarify the apparent inconsistencies in previous findings by indicating which findings apply under which circumstances.  In particular, past studies which failed to account for the time variation of experimentally induced familiarity had difficulty demonstrating consistent effects.
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� Due to a hit rate very close to 100% for the correct Joe / No Joe responses, no statistical analysis is reported on behavioural results.





