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Abstract

Background—Face detection, an ability to identify a visual stimulus as a face, is impaired in 

patients with schizophrenia. It is unclear whether impaired face processing in this psychiatric 

disorder results from face-specific domains or stems from more basic visual domains. In this 

study, we examined cortical face-sensitive N170 response in schizophrenia, taking into account 

deficient basic visual contrast processing.

Methods—We equalized visual contrast signals among patients (n=20) and controls (n=20) and 

between face and tree images, based on their individual perceptual capacities (determined using 

psychophysical methods). We measured N170, a putative temporal marker of face processing, 

during face detection and tree detection.

Results—In controls, N170 amplitudes were significantly greater for faces than trees across all 

three visual contrast levels tested (perceptual threshold, two times perceptual threshold and 

100%). In patients, however, N170 amplitudes did not differ between faces and trees, indicating 

diminished face selectivity (indexed by the differential responses to face vs. tree).

Conclusion—These results indicate a lack of face-selectivity in temporal responses of brain 

machinery putatively responsible for face processing in schizophrenia. This neuroimaging finding 

suggests that face-specific processing is compromised in this psychiatric disorder.
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1. Introduction

Faces are a unique class of visual object that conveys key information for social functioning. 

Face perception is impaired in schizophrenia (Chen 2011; Darke et al. 2014; Phillips and 

David 1995). Despite the importance of perceiving faces in social life, the underlying brain 

mechanisms of this perceptual function are not well understood in this psychiatric disorder. 

One outstanding question is whether face perception problems in patients are mediated by 

impairments in face-specific processing or impairments in general perceptual processing. 

This question is relevant not only for determining the brain mechanisms underlying 

impaired face perception but also for offering neurophysiological targets for therapeutic 

interventions of face-related behavioral problems in patients. Current therapeutic 

interventions for social dysfunction are broad and seldom target specific neurophysiological 

processes in the brain.

While previous behavioral studies have shown that patients with schizophrenia were 

deficient in face detection (Butler et al. 2008; Chen et al. 2008), facial identity 

discrimination (Chen et al. 2009) and recognition of facial emotion expression (Kohler et al. 

2003; Norton et al. 2009), neuroimaging studies have not yet determined the brain systems 

mediating these aspects of face perception problems (Bortolon et al. 2015; McCleery et al. 

2014).

Event related potentials (ERPs) are cortical electrophysiological responses time-locked to 

the presentation of a stimulus. The N170 ERP component is a right hemisphere lateralized 

negativity peaking around 170 ms after stimulus-onset, and a reliable marker of face 

detection that has been localized to the Fusiform Face Area (FFA) (Rossion et al. 2003; 

Watanabe et al. 1999). More specifically, the N170 is thought to reflect early representation 

of face configuration as a perceptual category rather than representations of individual faces 

(Jemel et al. 2006). The N170 is larger (i.e., more negative) for face versus non-face stimuli 

(Bentin et al. 1996; Rossion et al. 1999).

A pair of EEG studies has shown reduced face-selective N170 when patients performed a 

categorization task (face vs. building) and when passively viewing faces and non-face 

objects (Herrmann et al. 2004; Onitsuka et al. 2006). However, it was unclear whether the 

electrophysiological deficit emanated in an initial stage of face processing such as face 

detection. Unlike other stages of face processing, face detection is the perceptual process of 

identifying a visual stimulus as a face without processing detailed facial aspects such as 

identity or emotion expression (Chen et al. 2008; Ellis 1981). Additionally, the previous 

neuroimaging studies did not consider basic visual sensitivities, which are also deficient in 

schizophrenia (Butler et al. 2012). This left open the question of whether patients’ deficient 

brain responses to faces were due to impairment in face-specific processing or in basic 

visual processing.

To answer these questions, it is crucial to evaluate face specific responses, or face 

selectivity, when the different basic visual sensitivities of patients and healthy controls are 

taken into account. Face selectivity, or preferential response to faces over non-face visual 

objects, has been illustrated through N170 response in healthy people (Botzel et al. 1995). 

Maher et al. Page 2

Schizophr Res. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To compare face selectivity across groups, an issue that needs to be addressed is the 

different visual signal strengths of face and non-face objects. If visual sensitivity differs 

between patients and controls, which is a likely scenario (Green et al. 2009; Javitt 2009; 

Silverstein and Keane 2013), the yielded difference in N170 response to faces vs. non-face 

objects may be due to basic visual processing rather than to face-specific processing.

It is also crucial to compare face selectivity responses derived from N170 with fMRI. FMRI 

during face perception provides the spatial locus of cortical processing of face information, 

but does not provide precise temporal dynamics due to associated sluggish hemodynamic 

responses. Comparison of these two neuroimaging measurements provides complementary 

information about spatial and temporal properties of face selective responses. For example, a 

correlation between fMRI and N170 would be informative regarding the latency of a brain 

region of interest such as FFA for face processing (Sadeh et al. 2010; Yovel et al. 2014). 

The relationship between fMRI signal in FFA and N170 to faces has not been examined in 

schizophrenia.

This study had two goals. First, we evaluated the N170 response during face detection and 

tree detection, after the two types of visual objects were perceptually equalized across 

patients and controls using psychophysical methods. Our hypothesis is that face detection 

deficits in schizophrenia are due to impairment of face-specific processes, not simply basic 

visual process problems. We predict that patients will show reduced face-selective N170 

responses in the right hemisphere (given the lateralization of the ERP component) even after 

their deficient visual sensitivities have been taken into account. Second, we compared N170 

responses and fMRI responses in FFA to the same face and tree stimuli and in the same 

participants. The combined analysis with the fMRI data, available from a recent study 

(Maher et al. 2015), gives a better understanding of the relationship between spatial and 

temporal markers of face-specific processing in schizophrenia. A lack of face-specific 

processing may accompany altered spatial localization and temporal dynamics of cortical 

response, or a disrupted relationship between the two domains. Our hypothesis is that the 

N170 and the fMRI responses in FFA are associated in controls but not in patients.

2. Methods

2.1 Participants

Twenty patients and twenty healthy controls participated in this study. Patients met the DSM 

IV criteria for schizophrenia (n=8) or schizoaffective disorder (n=12). Diagnoses were made 

independently by experienced clinicians, based on a review of a structured clinical interview 

for DSM–IV (First et al. 1994) and by evaluating available medical records. Eighteen 

patients were taking antipsychotic medications (Supplement 1) (Woods 2003). Average 

illness duration was 23.9 years (SD: 8.5 years). All patients were stable outpatients while 

participating this study. Psychotic statuses of the patients were assessed using the Positive 

and Negative Syndrome Scale (PANSS) (Kay et al. 1987) (Table 1). None of the healthy 

controls met DSM–IV criteria for Axis I psychiatric disorders, based on the Structured 

Interview (First et al. 2002). None had any family members with a history of psychosis.
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Demographic information of the sample was summarized in Table 1. All participants had no 

diagnosed organic brain disease and no history of substance abuse or dependence during the 

past two years. The verbal component of IQ (Wechsler 1981) was administered to both 

groups . The groups did not differ in terms of age, gender or verbal IQ. The study protocol 

was approved by the McLean Hospital Institutional Review Board. Written informed 

consent was obtained from all participants prior to testing.

2.2 Psychophysical equating perceptual stimuli for EEG recording

Prior to EEG recording, psychophysical testing was performed in order to equate visual 

stimuli across participants and between two types of stimulus (face and tree). For each 

participant, perceptual threshold was determined using a visual detection paradigm. 

Perceptual threshold was defined as the lowest contrast level at which a given participant 

could reliably (i.e., 80% correct) detect a stimulus (Chen et al. 2005).

Two visual tasks were used: face detection and tree detection. For each task, the displayed 

stimulus on a given trial included a face or tree line drawing embedded in scrambled line 

segments. The face or tree could be located on the left side or right side of the display. In 

each trial, participants indicated on which side of the display (left or right) the line drawing 

was present (Figure 1).

Four stimulus contrast levels were used for EEG testing. They were 0% contrast, perceptual 

threshold (Th), two times perceptual threshold (Th2), and 100% contrast (Figure 2). The Th 

and Th2 conditions were set for each participant individually based on their own 

psychophysical testing results whereas the 0% and 100% contrast conditions used the 

identical stimulus contrasts across participants. The 0% contrast was included as a baseline 

condition from which EEG acquired from the other three contrasts were subtracted.

2.3 EEG acquisition

Two runs were used for each of the two tasks (face detection and tree detection) 

(Supplement 2). Each run had 192 trials (24 repeats counterbalanced across 4 contrast levels, 

and 2 target locations (right and left). In each trial, a stimulus was displayed within a square 

window (10º x 10º) for 300 ms. The average inter-stimulus interval was 1700 ms. 

Participants performed a face or tree detection task as described above. Face detection and 

tree detection runs were presented in a counterbalanced order across participants. 

Participants’ perceptual responses (i.e., right or left) were given using an EEG compatible 

button box.

2.4 Signal processing and analysis of ERP

Data processing and analysis were performed offline using ASA-Lab software (ANT Neuro, 

Holland). The primary ERP measures consisted of average amplitude between 120 and 220 

ms at 10/20 montage right lateral electrode P8. Here the time window was extended from 

the one typically used for healthy population (160–200 ms after stimulus onset), which is 

necessary for patient studies in the event of temporal abnormality. A control analysis was 

also performed at P7, the analogous electrode in the left hemisphere. Average, rather than 

peak, was chosen because peak measurements do not necessarily reflect underlying 
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components and may be biased to be greater for noisy conditions (Kappenman and Luck 

2010).

These measures were submitted to mixed ANOVA with a between-subjects factor of group 

(patient and control) and within-subjects factors of stimulus type (face or tree) and contrast 

level (Th, Th2, 100%).

The participants of this study also participated in an fMRI study in which BOLD response in 

fusiform face area (FFA) were acquired using identical task paradigms (Maher et al. 2015). 

The fMRI acquisition and result are summarized in Supplement 3. The electrophysiological 

waveforms were divided and averaged into five time bins (24 ms each) between 100 and 219 

ms to explore changes in the temporal relationship between fMRI and EEG within the N170 

time window, in keeping with previous work using a similar analysis (Sadeh et al. 2010). As 

greater face-selective fMRI responses occur in right FFA (Kanwisher et al. 1997) and 

greater face-selective N170 responses occur in right hemisphere (Rossion et al. 2003), the 

two right lateralized neurophysiological measures were compared. The comparison between 

fMRI and N170 was constrained to the perceptual threshold level as the fMRI response of 

the two groups differed under this condition (Supplement 3). The participants’ N170 

responses were compared with their fMRI responses from right FFA, using Pearson 

correlation coefficients.

3. Results

3.1 N170 responses

ANOVA of face-sensitive N170 amplitude at electrode P8 (right) was performed with 

factors of group (control vs. patient), stimulus type (face vs. tree) and contrast level (0%, Th, 

Th2, 100%). A significant interaction between stimulus type and group was found (F[1,38] 

= 4.51, p < 0.05, ηp2 =0.12) (Figure 3). Follow up analyses (one-way ANOVA for each 

group separately comparing responses to faces vs. trees) showed greater negativity (N170) 

during face detection than during tree detection in controls (F[1,19] = 25.5, p < 0.001, η p2 

=1.3). In patients, however, no difference was found between face detection and tree 

detection (F[1,19] =0.106, p = 0.749) (Figure 3). This indicates that the putative face-

sensitive N170 in patients does not selectively respond to faces.

The same ANOVA of N170 amplitude was also performed at electrode P7, which is a less 

face sensitive left hemisphere analogue of P8 (Rossion et al. 2003). This analysis showed 

greater negativity on the N170 for faces than trees across both groups (F[1,38] =9.75, p = 

0.003, ηp2 =0.26), but no significant main effect of group or interaction with group.

The same analysis was also performed for patients with schizophrenia vs. patients with 

schizoaffective disorder as the between subject factor. This analysis produced no between 

subjects effects (F[1,18] =0.7, p =0.41) and no significant interactions with diagnosis (Fs 

>0.68, ps <0.027).

Analysis of stimulus type and contrast level as well as behavioral responses was included in 

Supplement 4.
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3.2 Relationship between N170 responses and fMRI responses

Face-selective responses (face detection minus tree detection) were significantly correlated 

between the ERP and BOLD responses around the time windows of 100 ms (r = 0.58) and 

170 ms (r = −0.49) for controls, but not for patients (Figure 4). The lack of time-specific and 

physiologically meaningful correlations in patients suggests disassociations between the 

temporal (N170) and spatial (fMRI) markers of face-specific processing. The absence of 

correlation in tree detection (Figure 4 middle panel) suggests that putative face-sensitive 

spatial and temporal responses to non-face signals are not associated in either group.

3.3 Relationship between ERP amplitudes and behavioral responses

In controls, perceptual thresholds for face detection were inversely correlated with ERP 

response to faces between 124 and 171 ms after stimulus onset, the temporal range where 

N170 is presumably maximized (Figure 5). That is, the higher the perceptual threshold 

(worse performance), the more negative the N170 response. In patients, no correlation was 

found between ERP responses and perceptual thresholds. Negative PANSS scores were 

marginally correlated with ERP responses to faces between 124 and 147 ms (i.e. negative 

symptoms are associated with larger N170 amplitudes, Figure 5). In the eighteen patients 

taking antipsychotic medication, daily chlorpromazine equivalent dose (CPZ) was neither 

correlated with N170 to face or tree (between 120 and 220 ms, averaged across contrast, at 

electrode P8), nor with the N170 difference in response to face vs. tree.

4. Discussion

This study showed that the putative face-sensitive N170 did not differ between face 

detection and tree detection in patients. This diminished face-selective electrophysiological 

response persisted even after patients’ deficient basic visual sensitivities were taken into 

account. Unlike controls, patients’ N170 was not correlated with their fMRI response from 

FFA.

4.1 Face-specific processing and basic visual processing

It was not clear whether reduced N170 responses for faces relative to non-face objects 

observed in schizophrenia patients (Herrmann et al., 2004; Onitsuka et al, 2006) was 

attributable to face-specific processing per se or to impairments of basic visual processing. It 

has been shown that face perception deficits in schizophrenia are associated with basic 

visual contrast detection (Butler et al. 2008). By equating visual contrast signals between 

patients and controls, this study demonstrated reduced N170 effect in schizophrenia 

independent of basic visual sensitivities. The presence of significant N170 interaction 

between group and stimulus type in the face-sensitive right hemisphere, but not in the left 

hemisphere, suggests impaired face-specific processing as a brain mechanism underlying 

face detection problems associated with patients.

Previous ERP studies showed somewhat mixed results in terms of whether the N170 is 

reduced in patients with schizophrenia. As described above, reduced N170 was found when 

patients viewed face vs. non-face objects such as buildings (Herrmann et al. 2004) or cars/

hands (Onitsuka et al. 2006). However, for a face gender discrimination task, one study 
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showed comparable N170 between patients and controls (Wynn et al. 2008). One reason for 

the discrepancy is the use of different types (line-drawn vs. photographic) and display times 

of face images in the studies. In the present study, a line-drawn face was used that contains 

only basic configural facial information whereas the previous studies used a photographic 

face image that contains more detailed facial information. It is possible that additional facial 

information from the photographs helped compensate for deficient configural processing in 

patients and yielded comparable N170. Also, stimulus display time was longer in the 

previous study (Wynn et al. 2008) (500 ms) than in the present study (300 ms). It was shown 

that the difference between patients and controls in the face inversion task (a hallmark of 

face-specific processing) was reduced as stimulus duration increased (Butler et al. 2008; 

Chen et al. 2008).

4.2 Association of spatial and temporal processing of face information: fMRI and N170

The N170 is likely generated in occipitotemporal cortex and posterior fusiform gyrus 

(Botzel et al. 1995; Rossion et al. 2003) and the N170 response to faces is associated with 

fMRI response from FFA ((Iidaka et al. 2006; Sadeh et al. 2010; Yovel et al. 2014), Figure 4 

of the present study), suggesting a close link between the electrophysiological marker and 

the BOLD response for face processing. The present study found that the ERP and fMRI 

correlations for distinct ERP latencies (around 170 ms after stimulus onset) were not present 

in patients (Figure 4). This temporally-specific disassociation suggests that in schizophrenia, 

face-sensitive N170 response is not linked to the activation of the putative face processing 

region - FFA. Given that multiple neural sources may contribute to the generation of the 

N170, it is possible that patients’ N170 response is linked to activations of other cortical 

regions that are not as specifically devoted to face processing as FFA.

4.3 Relationships between N170 and behavioral responses and clinical implications

This study found contrasting relationships between perceptual capacities and N170 

responses between the two groups of participants. In controls, perceptual thresholds for face 

detection were selectively correlated with N170 responses but not with other ERP 

components (Figure 5), suggesting that face detection is constrained by the face-sensitive 

electrophysiological response. In patients, however, the correlation was lacking (Figure 5), 

suggesting that their face detection is not mediated through the face-sensitive 

electrophysiological activity.

The modest correlation between N170 response of patients (between 124 to 147 ms) and 

negative PANSS scores (Figure 5) is consistent with the notion that social withdrawal issues 

(as measured in negative PANSS scores) are related to the brain’s response to faces. Such a 

notion would be best evaluated in first-episode patients. Unlike clinically stabilized chronic 

patients who participated in this study, first-episode patients typically have a greater 

spectrum of psychosis (more varied PANSS scores). A previous study noted that N170 was 

related to the nature of patients’ clinical symptoms in that those who had more delusions 

presented with lower N170 amplitudes (Turetsky et al. 2007). The relationship between 

N170 and psychotic symptoms merits further investigation.
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4.4 Limitations

First, although this study eliminated effects of group difference in perceptual sensitivities to 

visual contrast, one of the most important precursors for perceptual and cognitive processing 

of faces, other factors such as spatial frequency also need to be considered for patients with 

schizophrenia (Lee et al. 2010; McBain et al. 2010). Second, although comparisons between 

separately recorded N170 and fMRI response yielded group differences between patients 

and controls in the present study, simultaneous measurement of the two types of brain 

response may provide more precise temporal dynamics and spatial locus of impaired face-

specific processing in schizophrenia. Third, the present study evaluated ERP during face 

detection, but other aspects of face perception, such as facial identity discrimination, facial 

emotion perception and gaze detection (Tso et al. 2015), can also be evaluated using the 

approach developed in the present study. Such studies may further reveal face-specific 

processing problems in this psychiatric disorder. Fourth, dividing ERP components into 

multiple time bins and comparing them with other responses (such as fMRI and behaviors) 

may allow determining if the evaluated relationships are temporally specific (Calvo and 

Nummenmaa 2011; Hietanen et al. 2008; Sadeh et al. 2010). Yet, this division increases 

statistical chances of finding existing effects. Thus, the yielded results should be taken with 

this caveat in mind.

4.5 Conclusion

By isolating out basic visual sensitivity and evaluating the face-sensitive N170 marker and 

its relationship to FFA fMRI response, this study shows the existence of deficient face-

specific processing in schizophrenia. This study also suggests that this electrophysiological 

marker can be adapted to characterize functional properties of face-specific processing in 

schizophrenia and potentially assess efficacies of therapeutic interventions targeting face 

perception domains.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Result of pre-EEG psychophysical testing. Stimulus contrast levels (0, 1, 2, 4, 8, and 16%) 

are plotted in x axis. Performance accuracy (percents of correct trial) is plotted in y axis. 

Error bar indicate ±1 standard error.
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Figure 2. 
Illustration of psychophysics-determined face and tree stimuli used in EEG testing. For this 

illustration, the Th and Th2 conditions use average perceptual thresholds and two times 

average perceptual thresholds of all participants.
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Figure 3. 
Results of N170 responses. Panel (a): Summary of average N170 waveforms during face 

detection and during tree detection. Tics mark 50 ms intervals. Blue traces correspond to 

face responses, red traces to tree responses and black traces to face responses minus tree 

responses. Panel (b): Scalp topography of N170 (the difference between responses to face 

and to trees). The time window for the measurement is from 120 to 200 ms after stimulus 

onset. The first column shows the N170 responses on the right from controls (the first row) 

and from patients (the second row). The second column shows the N170 response on the 

left. The face-sensitive N170 (marked in red) is maximized in the right occipitotemporal 

sites.
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Figure 4. 
Correlations between N170 and fMRI (FFA). The x axis indicates time course of N170 

responses whereas the Y axis indicates correlations between average FFA BOLD response 

and the N170. The two horizontal dotted lines in each panel signify significant correlations 

at a level of p < 0.05.
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Figure 5. 
Relationship between ERP and behavioral variables. Top panel: Correlations between face-

selective ERPs (face detection minus tree detection) and perceptual threshold for face 

detection. Perceptual threshold was defined as the lowest contrast level at which a given 

participant can adequately (i.e., 80% correct) detect a face. Bottom panel: Correlations 

between face-selective ERPs and PANSS scores in patients.
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