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Abstract 

Individuals with schizophrenia exhibit deficits in the ability to perceive and recognize emotions 

from faces, and these deficits are significant predictors of functional outcome. Research into the 

origins of facial emotion recognition deficits in schizophrenia has identified abnormalities in 

visual gaze behaviour and functional brain activation in patients during facial emotion 

perception; however, these two aspects of facial emotion processing have previously been 

studied in isolation. Nonetheless, several studies with healthy individuals and other clinical 

populations suggest a relationship between gaze behaviour and functional activation in regions 

also implicated in facial emotion processing deficits in schizophrenia (e.g., fusiform gyrus). 

These findings raise the important question of whether gaze behaviour abnormalities in 

schizophrenia contribute to reported functional activation abnormalities during facial emotion 

perception. In this dissertation, I examined whether manipulating visual scanpaths during facial 

emotion perception would modulate blood-oxygen-level dependent (BOLD) signal change in a 

sample of schizophrenia patients and community controls. Patients and controls underwent 

functional magnetic resonance imaging (fMRI) while viewing pictures of emotional faces. 

During the Typical Viewing condition, a fixation cue directed participants’ gaze primarily to the 

eyes and mouth, while gaze was directed to peripheral features during the Atypical Viewing 

condition. Participants additionally completed a practice version of the task outside the scanner 

and a traditional facial emotion discrimination task, while gaze behaviour was recorded with an 

eye tracker. Patients had reduced percentage of fixations to salient facial features during facial 

emotion discrimination, similar to previous findings. During the fMRI task, both viewing 

conditions elicited BOLD signal change throughout regions of the neural system for face 

perception. Typical Viewing led to greater activation in visual association cortex including the 
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right “occipital face area”, while Atypical Viewing elicited greater activation in primary visual 

cortex and regions involved in attentional control, including the intraparietal sulcus and frontal 

eye fields. There were no group differences in functional activation, in contrast to previous 

findings. The results of this study indicate that gaze behaviour modulates activation in early face-

processing regions, suggesting that abnormal gaze behaviour in schizophrenia may contribute to 

the documented activation abnormalities in these regions during facial emotion perception. 

Keywords: eye tracking, face perception, facial emotion, fMRI, gaze behaviour, 

schizophrenia, visual scanpaths 
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Chapter One: Introduction 

The past several decades of schizophrenia research have seen an emergence of studies 

examining social cognition, which is a construct that encompasses the cognitive and affective 

processes necessary to engage in social behaviour, such as recognizing and interpreting the 

emotions and intentions of others (Penn, Bentall, Corrigan, Racenstein, & Newman, 1997). 

Motivating this research is a large literature documenting deficits in schizophrenia across the 

multiple domains of social cognition (emotion processing, theory of mind, social perception and 

knowledge, and attributional style) (M. F. Green, Olivier, Crawley, Penn, & Silverstein, 2005), 

as well as the growing recognition that these deficits are important determinants of functional 

outcome1 in individuals with schizophrenia (for reviews, see Couture, Penn, & Roberts, 2006; 

Fett et al., 2011).  

A core area of social cognition that is affected in schizophrenia is the ability to accurately 

perceive and recognize emotions from faces (see the meta-analysis by C. G. Kohler, Walker, 

Martin, Healey, & Moberg, 2010). Although perception and recognition may refer to distinct 

aspects of processing a facial stimulus (e.g., sensory and evaluative processes, respectively), 

these terms are often used interchangeably in the literature or are simply referred to as “facial 

emotion processing”. Nevertheless, the ability to derive emotional information from the face is a 

crucial aspect of nonverbal communication, as the face conveys much of the information during 

social interactions, which is necessary for carrying out higher-order social cognitive abilities, 

such as theory of mind. An accumulation of studies employing differential deficit designs2 (Kerr 

& Neale, 1993) indicate that although schizophrenia patients suffer from a generalized 

                                                

1 Functional outcome is a term that encompasses multiple outcomes of patient recovery, including real-world 
outcomes such as community functioning and vocational attainment. 
2 In a differential deficit design of facial emotion recognition, performance on a task of facial emotion recognition is 
compared to a comparable control task of non-emotional face processing, such as age recognition. 
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impairment for evaluating faces (d = #0.70), deficits specific to recognizing facial emotions 

constitute a greater impairment (d = #0.85) (see the meta-analysis by Chan, Li, Cheung, & Gong, 

2010). These findings therefore indicate the presence of a specific deficit for facial emotion 

processing within the context of a more generalized cognitive deficit. 

Importantly, a large number of cross-sectional and longitudinal studies have highlighted 

the functional significance of facial emotion processing deficits in samples of inpatients, 

outpatients, and first-episode psychosis patients, providing evidence that facial emotion 

processing is an important determinant of functional outcome in schizophrenia across phases of 

the illness (J. Addington, Saeedi, & Addington, 2006; Brekke, Kay, Lee, & Green, 2005; A. S. 

Cohen, Forbes, Mann, & Blanchard, 2006; Hooker & Park, 2002; Kee, Green, Mintz, & Brekke, 

2003; Mueser et al., 1996; Penn, Spaulding, Reed, & Sullivan, 1996; Poole, Tobias, & 

Vinogradov, 2000). These findings suggest that deficits in facial emotion recognition in 

schizophrenia are an important target for remediation to improve functional outcomes for 

individuals with the disorder, prompting research aimed at uncovering the cognitive and 

biological bases of this impairment. Two notable areas of investigation include visual gaze 

behaviour and information use during facial emotion perception, and the neurobiological 

underpinnings of facial emotion processing. Summaries of relevant aspects of these two 

literatures are provided in the following sections. 

1.1 Visual Gaze Behaviour and Information Use During Facial Emotion Perception 

The human face is a “psychologically unique category of stimuli” (Toh, Rossell, & 

Castle, 2011), which not only provides a wealth of information for social communication (e.g., 

gender, identity, age, emotion, focus of attention), but also appears to be processed in unique 

ways by the human brain [as suggested by several lines of evidence, such as face preference in 
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newborns (Valenza, Simion, Cassia, & Umiltà, 1996), the face inversion effect, and the clinical 

condition of prosopagnosia (Farah, Wilson, Drain, & Tanaka, 1995)]. The means by which 

emotional faces are attended to and decoded – and the potential dysfunction in these processes in 

psychopathology – have been studied using eye tracking and pattern classification approaches, 

described below. 

1.1.1 Eye-tracking studies 

One technique to study the specific facial information attended to by an observer is to 

measure the observer’s gaze behaviour. Because the fovea – the point on the retina that allows 

for detailed visual resolution – comprises but a small area of the retina, voluntary eye movements 

to focus the fovea on particular aspects of the stimulus are necessary to process a visual stimulus 

in its entirety. These “visual scanpaths” can be studied using eye-tracking technology, such as 

video-oculography, in which gaze direction is measured by illuminating the eye with infrared 

light and recording the reflected image (Toh et al., 2011).  

Eye-tracking studies of face perception in healthy individuals suggest that faces are 

typically viewed using an “inverted triangle” or “T-shaped” pattern, in which observers fixate on 

the salient internal facial features – predominantly the eyes, as well as the nose and mouth – 

rather than external or non-salient features (e.g., the ears and cheeks) (Firestone, Turk-Browne, 

& Ryan, 2007; Henderson, Williams, & Falk, 2005; Luria & Strauss, 1978; Walker-Smith, Gale, 

& Findlay, 1977). Moreover, performance on tasks such as the “Reading the mind in the eyes” 

test, in which photographs are presented with only the eye regions visible, suggest that both basic 

emotions and more complex mental states (e.g., compassion) can be accurately discriminated 

from the eye regions alone (Baron-Cohen, Wheelwright, & Jolliffe, 1997; Baron-Cohen, 

Wheelwright, Hill, Raste, & Plumb, 2001). While most eye-tracking studies of facial emotion 
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recognition have averaged visual scanpath data across core facial features, studies that 

distinguish between eye and mouth fixations across basic facial expressions suggest that the 

particular facial expression may influence scanpath patterns. For example, while the relative 

fixation duration ratio between the eyes and mouth favors the eyes for all emotions, the 

preference for eyes vs. mouth is reduced when viewing happy faces (Eisenbarth & Alpers, 2011; 

Scheller, Büchel, & Gamer, 2012).  

A number of eye-tracking studies of facial emotion perception have been conducted in 

which schizophrenia patients were compared to healthy controls (Toh et al., 2011). While there 

is some variability in findings across individual studies, overall these findings suggest that 

schizophrenia patients have what has been referred to as a “restricted” scanning strategy, which 

is characterized by fewer fixations but of increased duration, shorter scanpath lengths, as well as 

avoidance of salient facial features (Bestelmeyer et al., 2006; Gordon et al., 1992; M. Green, 

Williams, & Davidson, 2003b; Loughland, Williams, & Gordon, 2002a; 2002b; Loughland, 

Williams, & Harris, 2004; Manor et al., 1999; L. M. Williams, Loughland, Gordon, & Davidson, 

1999). Although the etiology of eye gaze abnormalities in schizophrenia has yet to be fully 

determined, the restricted scanpath findings have been interpreted as reflecting a greater 

emphasis on sequential/feature-based processing (processing face features individually) over 

holistic/configural processing (processing face features as a whole) of faces in schizophrenia 

(Loughland, Williams, & Gordon, 2002b; B. L. Schwartz, Rosse, Johri, & Deutsch, 1999), as 

well as abnormal processing of threat-related stimuli (M. J. Green, Williams, & Davidson, 

2003a). 

However, it should be noted that some studies that distinguished between facial emotion 

categories suggest that restricted gaze behaviour may occur for some but not all facial 
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expressions (e.g., for happy and neutral but not sad faces; Loughland, Williams, & Gordon, 

2002b), and that the extent of abnormal gaze behaviour may vary according to symptomatology 

(e.g., greater abnormalities in patients with delusions compared to no delusions; M. Green et al., 

2003b). Moreover, not all studies have found restricted visual scanning in schizophrenia. For 

example, Zhu et al. (2013) reported a greater number and duration of fixations to salient features 

in patients compared to controls, and no group differences in the proportion of fixations to salient 

vs. non-salient features. However, the proportion of fixation number and duration to salient 

features was negatively correlated with negative symptoms in patients, suggesting that greater 

severity of negative symptoms is associated with avoidance of salient facial features. Delerue, 

Laprévote, Verfaillie, and Boucart (2010) found that patients had the characteristic restricted 

scanning pattern when passively viewing emotional faces but not when asked to evaluate the 

stimuli on characteristics such as emotion, gender, or age. 

Interestingly, several studies report significant correlations between emotion recognition 

accuracy and visual scanpath variables in schizophrenia, including a positive correlation between 

recognition accuracy for sad faces and number and duration of fixations to salient regions 

(Loughland, Williams, & Gordon, 2002b), and positive association between accuracy for angry 

faces and the number of fixations to salient features (M. J. Green et al., 2003a). However, these 

findings should be interpreted cautiously due to potential issues of statistical conclusion validity, 

including ambiguity about whether statistical control of familywise error was employed, and 

findings based on a small sample.  

Overall, these findings suggest that abnormalities in visual gaze behaviour may play an 

important role in facial emotion processing deficits in schizophrenia, particularly in terms of 

reduced visual attention to emotionally informative salient facial features. 
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1.1.2 Pattern classification studies 

Another approach to study visual information use during facial emotion perception is 

through what are known as pattern classification or reverse correlation techniques, in which 

stimulus properties necessary for a successful response can be identified based on their 

correlation with correct and incorrect responses. These approaches can be particularly useful to 

examine differences in how the brain makes uses visual information obtained by an observer’s 

viewing strategy (Boraston & Blakemore, 2007). In the face perception literature, studies 

employing this method have used the “Bubbles” task (Gosselin & Schyns, 2001). In this task, 

faces in each trial are randomly masked such that only a small area of the face is visible, 

determined by the number of Gaussian windows (“bubbles”) that cover the face image. The 

number of bubbles per trial can be set using an adaptive function, in order to ensure an ideal 

range for participant accuracy (often around 75%). By averaging the masks from successful 

trials, a diagnostic image is formed that indicates the areas of the face typically associated with a 

correct response (e.g., accurate facial emotion recognition). 

Diagnostic images created from the Bubbles task reveal that 1) the eye regions are 

important for the recognition of most basic emotions, 2) the recognition of happy, surprised, 

disgusted, and neutral faces make the greatest use of the mouth region, and 3) angry, disgusted, 

and neutral faces also make use of the nose for accurate recognition (M. L. Smith & Merlusca, 

2014; M. L. Smith, Cottrell, Gosselin, & Schyns, 2005). Thus, while the eyes are typically the 

most attended facial feature, other salient features provide useful information for accurate 

emotion recognition. However, it should be noted that a potential limitation of the Bubbles task 

is that the diagnostic image (i.e., the necessary visual information for accurate classification) will 

be influenced by the nature of the task; e.g., whether one is only discriminating angry and neutral 
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faces, or angry from a range of other basic emotions. 

To date, two studies have investigated facial information use in schizophrenia patients 

through the Bubbles task, using different facial expressions (Clark, Gosselin, & Goghari, 2013; J. 

Lee, Gosselin, Wynn, & Green, 2011). These studies used a version of the task that samples 

different spatial frequency bandwidths separately, given evidence that 1) distinct spatial 

frequencies contribute to different aspects of face perception in healthy participants; e.g., greater 

involvement of low spatial frequencies in configural processing and high frequencies in featural 

processing (Goffaux, Hault, Michel, Vuong, & Rossion, 2005), and 2) schizophrenia patients 

have early visual processing deficits, particularly reduced contrast sensitivity in the low spatial 

frequency range (Butler & Javitt, 2005). 

Lee et al. (2011) administered a version of the Bubbles task that required discriminating 

between fearful and happy faces. They found that compared to controls, schizophrenia patients 

required more visual information overall (i.e., more bubbles) for accurate discrimination, used 

little information from the eye region at high spatial frequency to identify fearful faces, and 

required eye information to identify happy faces whereas controls relied on information from the 

mouth.  

Clark et al. (2013) examined the discrimination of angry and neutral facial expressions 

and found that patients required more facial information to accurately differentiate between the 

two categories, similar to the finding of Lee and colleagues. They also reported that patients 

relied less on the eye region at lower frequencies than did controls for angry faces, less eye 

region at higher spatial frequencies for both angry and neutral expressions, and more reliance on 

the mouth region at lower frequencies for neutral faces. In the lowest spatial frequency range, 

patients but not controls used eye region information to identify angry faces, and did not make 
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use of mid-face information that controls used to identify neutral faces. Additionally, the authors 

reported that patients’ similarity in eye usage relative to controls was positively correlated with 

scores on a measure of social functioning, and negatively correlated with a measure of global 

symptomatology.  

In summary, the Bubbles task results and those from eye tracking studies summarized in 

the previous section indicate that schizophrenia patients view faces using a restricted pattern of 

gaze behaviour characterized by fewer fixations to salient features (particularly the eyes), require 

more facial information and use facial information differently (relying less on information from 

the eyes) than healthy controls to accurately identify facial expressions, and these differences in 

gaze behaviour and visual information use may be linked to the ability to recognize facial 

emotions and to patient functioning, respectively. 

1.2 The Neural Model of Facial Emotion Perception 

Another major focus of research on facial emotion perception deficits in schizophrenia is 

the study of functional brain activation abnormalities associated with these deficits. In the 

cognitive neuroscience literature, the most established neural model of face perception is the one 

proposed by Haxby and colleagues (2000), which posits a distributed and hierarchical network of 

regions, divided into a “core system” for the visual analysis of facial features, and an “extended” 

system involved in extracting meaning from faces, such as social information. The core system 

includes the occipital face area (OFA) located in the inferior occipital gyri (early perception of 

facial features and provides input to other regions of the core system), the fusiform face area 

(FFA) on the lateral surface of the fusiform gyrus (responsive to invariant features of the face 

and thought to represent primarily the perception of face identity), and the posterior superior 

temporal sulcus (STS; responsive to changeable aspects of faces involved in social 
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communication, such as eye gaze and mouth shape). However, the extent to which face identity 

and expression have distinct functional representations within this system has been questioned 

(Calder & Young, 2005), as has the feed-forward hierarchical structure of the model (Atkinson & 

Adolphs, 2011). It is likely that these regions act in an interactive manner, and with additional 

reciprocal connections to the “extended system” (see below), to process various characteristics of 

faces, such as identity and expression.  

In contrast to the “core” system comprised primarily of visual areas of the brain, the 

“extended” system includes other functional regions that are recruited to process socially 

meaningful information contained in faces (Haxby et al., 2000). The most studied region of the 

extended system is the amygdala, which is involved in the automatic evaluation of emotionally 

salient stimuli (Phelps & LeDoux, 2005). However other cortical regions involved in emotion 

processing, semantic knowledge, and decision-making (anterior cingulate, orbitofrontal cortex, 

insula, parahippocampus, temporal pole); reward (striatum); action representation 

(somatosensory cortex, inferior frontal gyrus); and spatial attention (intraparietal sulcus), have 

also been implicated (Adolphs, 2002; Fusar-Poli et al., 2009; Haxby et al., 2000; Ishai, 2008). 

Following decades of research into this topic, new frameworks and modifications to the 

Haxby model have been proposed that attempt to situate face processing within the visual system 

more generally, taking into account multiple visual processing pathways (e.g., ventral, dorsal, 

and putative lateral visual processing streams), as well as incorporating new knowledge of the 

spatial organization and cytoarchitecture of face-sensitive regions (Bernstein & Yovel, 2015; 

Duchaine & Yovel, 2015; Weiner & Grill-Spector, 2011). However, the regions included in the 

Haxby model have benefitted from extensive empirical support and the model itself continues to 

provide a useful heuristic for understanding face processing in the brain. 
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1.3 The Neural Basis of Facial Emotion Processing Deficits in Schizophrenia 

Functional magnetic resonance imaging (fMRI) research into the neural basis of impaired 

facial emotion recognition in schizophrenia has identified blood-oxygen-level dependent 

(BOLD) signal abnormalities in several brain regions, including those comprising the distributed 

network described above. While individual studies are characterized by methodological 

heterogeneity and have resulted in somewhat inconsistent research findings, two meta-analyses 

using activation likelihood estimation approaches (ALE) have attempted to synthesize this 

literature (Li, Chan, McAlonan, & Gong, 2010; Taylor et al., 2012). For studies involving tasks 

of facial emotion perception (either explicit or implicit), both meta-analyses reported decreased 

activation in schizophrenia patients compared to healthy controls in bilateral fusiform gyrus, and 

in bilateral amygdala and hippocampus. The Taylor et al. (2012) meta-analysis reported 

additional hypoactivations, including in bilateral occipital pole, right superior temporal gyrus, 

anterior temporal pole, caudate body, medial and lateral prefrontal cortex, as well as in the 

thalamus and brainstem. They also found regions with greater activation in schizophrenia 

patients than controls, including left superior temporal gyrus, cuneus, parietal lobule, and right 

precentral gyrus. In contrast, the Li et al. (2010) meta-analysis reported additional hypoactivation 

in right middle occipital gyrus, lentiform nucleus, and superior frontal gyrus, but found no 

regions of hyperactivation in schizophrenia compared to controls. In summary, abnormalities in 

both visual regions and other functional areas (e.g., limbic, executive) recruited to process and 

evaluate the emotional content of faces appear to be associated with facial emotion processing 

deficits in schizophrenia. However, it should be noted that the correlational nature of these 

neuroimaging findings do not answer questions regarding the specific contribution of these 

regions to impaired facial emotion processing in schizophrenia; i.e., whether dysfunction in a 
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particular region contributes to facial emotion recognition deficits or represents generalized 

illness-related dysfunction in the brain that may or may not impact recognition performance. 

1.4 Is There a Relationship Between Visual Gaze Abnormalities and Functional Activation 

Abnormalities Associated with Facial Emotion Perception Deficits in Schizophrenia? 

The two bodies of research described above – abnormal gaze behaviour/information use 

and abnormal fMRI activation in schizophrenia – point to both behavioural and neurobiological 

contributions to facial emotion recognition deficits in schizophrenia. However, the relationship 

between these sets of findings remains unexplored, and yet offers the potential to clarify the 

causal mechanisms of facial emotion recognition deficits in schizophrenia. For example, it may 

be that restricted gaze behaviour and information use in schizophrenia during facial emotion 

perception influences the functional activation patterns in face-processing regions; thus 

contributing to the activation differences between patients and controls reported in the literature. 

Alternatively, brain abnormalities in regions influencing attention and voluntary eye movements 

might account for group differences in gaze behaviour during face perception. 

Several lines of evidence suggest a relationship between abnormal gaze behaviour and 

functional activation in schizophrenia, including basic research into the relationship between 

visual scanpaths and BOLD signal change in the brain, lesion and clinical studies of populations 

with deficits in facial emotion recognition, and findings from social cognitive remediation 

programs in schizophrenia.  

1.4.1 The relationship between gaze behaviour and brain activation in healthy 

subjects 

Several studies with healthy participants suggest a relationship between gaze behaviour 

and functional activation in a number of regions that have also been associated with activation 
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abnormalities in schizophrenia. One approach to test the hypothesis that the way one looks at a 

face influences the brain’s response to the face is to experimentally manipulate the viewer’s gaze 

behaviour during face perception and examine corresponding changes in the BOLD response in 

face-processing regions. In one such study (Morris et al., 2006), healthy participants completed a 

simple face viewing task inside an fMRI scanner where participants’ visual scanpaths were 

guided by a fixation cross that moved to a new location every 500 ms. The task was divided into 

“typical” and “atypical” scanpath blocks, where the fixation cross landed on the eyes and mouth 

90% of the time (similar to naturalistic face viewing) in a typical block, and only 12% of the 

time during atypical blocks. The task also included blocks of a control condition in which the 

distance between the fixation “jumps” were much smaller than in the other conditions, and were 

limited to the center/nose region of the face. A separate sample of participants completed the task 

outside the scanner while eye gaze was recorded using an eye tracker in order to confirm the 

feasibility of the task. Activation contrasts between typical and atypical blocks revealed greater 

BOLD signal change for typical relative to atypical blocks in a face-responsive region of interest 

(ROI) within ventral occipitotemporal cortex (notably the fusiform gyrus), defined using a 

functional localizer (Morris et al., 2006). An exploratory voxel-based analysis was also 

conducted and constrained to voxels exhibiting significant BOLD signal change in any of the 

task conditions. This analysis confirmed the ROI-based finding of greater BOLD signal change 

for typical relative to atypical blocks in bilateral fusiform gyrus, and further revealed additional 

regions of greater activation in regions involved in visual attention and oculomotor control, 

including bilateral frontal eye fields and intraparietal sulcus, as well as in medial superior frontal 

gyrus, and right inferior frontal gyrus and superior colliculus. In contrast, greater BOLD signal 

change during atypical compared to typical blocks was only found in bilateral cuneus. The 
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results of this study indicate that, by manipulating visual scanpaths during face viewing, it is 

possible to modulate BOLD signal change in regions involved in face perception and visual 

attention, with greater signal change when fixating primarily to salient facial features. 

More recently, Hadjikhani and colleagues (2017) reported the results of an fMRI study 

where a sample of healthy adolescents and young adults viewed dynamic facial expressions 

during two viewing conditions: an unconstrained condition in which participants were free to 

view the stimuli as they pleased, and a constrained condition in which a fixation cross was 

superimposed on the region between the eyes and participants were instructed to focus their gaze 

to the eye region of the face. While no regions displayed greater BOLD signal change during 

unconstrained than constrained viewing, the contrast of constrained viewing minus 

unconstrained viewing indicated significant activation in a large number of regions, including 

those associated with face perception (lateral inferior occipital cortex, fusiform gyrus, posterior 

superior temporal cortex) and those that have been implicated in social cognition (temporal pole, 

amygdala, orbitofrontal cortex, insula, anterior cingulate, and inferior frontal gyrus). This 

contrast additionally revealed greater activation in regions involved in visual attention 

(intraparietal sulcus, precentral gyrus in the vicinity of the frontal eye fields), and in inferior 

parietal lobule, ventral striatum, and the cerebellum (Hadjikhani et al., 2017). While this task 

design cannot tease apart effects of constraining visual attention vs. those of increased attentional 

focus to the eye region of the face, the results of the study suggest that increased fixations toward 

the eyes modulates BOLD signal change within regions of the core and extended system for face 

perception. 

Evidence for the influence of gaze behaviour on face-processing in the brain also comes 

from event-related potential (ERP) studies that focus on the N170 component – a negative-going 
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waveform peaking approximately 170 ms after stimulus onset, which is believed to represent an 

index of conscious face perception generated within face-processing regions in occipito-temporal 

cortex, with a right hemisphere dominance (Rossion, 2014b). Research indicates that the N170 

can be driven by configural face processing (i.e., the detection of a face configuration) and/or by 

processing the eyes of the face (i.e., the detection of the presence of eyes, hypothesized to be 

driven by eye-selective neurons) (Itier & Batty, 2009; Itier, Villate, & Ryan, 2007; Nemrodov, 

Anderson, Preston, & Itier, 2014). Of relevance to the current discussion is the implication that 

the eyes are an important modulator of the brain’s response to the perception of a face. This 

response might therefore be influenced by whether one fixates to the eyes during face viewing.  

For example, Nemrodov and colleagues (2014) found that the magnitude of the N170 to 

briefly presented upright faces was largest when faces were positioned on the screen such that 

the eyes appeared within participants’ foveal vision. Using a more naturalistic paradigm, 

McPartland, Cheung, Perszyk, and Mayes (2010) obtained electroencephalography (EEG) 

recordings while participants viewed 500 ms presentations of pictures of neutral faces, which 

were preceded by a static fixation cross that directed attention to either the eyes, nose, or mouth 

regions. Another condition was used in which no fixation cross was presented. An ERP analysis 

found that fixation to the eye or mouth regions resulted in a larger amplitude of the face-sensitive 

N170 component compared to nose fixation or undirected conditions (McPartland et al., 2010). 

Given that abnormalities in the N170 during face processing have been reported in schizophrenia 

(see meta-analysis by McCleery et al., 2015), the above findings suggest that N170 abnormalities 

might be associated with the abnormal visual scanning behaviour in this population. However, it 

must be emphasized that the N170 reflects early face processing and occurs within a window 

typically corresponding to the first several fixations. Nonetheless, it is possible that eye-sensitive 
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generators of the N170 play a role in later stages of face processing; e.g., in the recognition of 

identity or emotion. Alternatively, abnormalities in N170/early eye detection in schizophrenia 

might influence scanning strategies during face perception and impact downstream face 

processing. 

In addition to the brain regions involved in face perception described in the sections 

above, there are also several cortical structures involved in visual attention and the voluntary 

control of eye movements (e.g., saccadic movements, smooth pursuit, visual fixation). These 

notably include the frontal eye field (in the precentral/superior frontal sulci), parietal eye field (in 

the intraparietal sulcus), and supplementary eye field (in the rostral supplementary motor area), 

with further involvement of regions including the precuneus, the human middle temporal visual 

area (MT) and medial superior temporal area in extrastriate cortex, and cerebellum (Gaymard, 

Ploner, Rivaud, Vermersch, & Pierrot-Deseilligny, 1998; Lynch & Tian, 2006; Müri, 2006). 

Higher-order cognitive areas, such as anterior cingulate cortex and dorsolateral prefrontal cortex 

(DLPFC), are also hypothesized to support the cognitive control of visual gaze (Gaymard et al., 

1998; Lynch & Tian, 2006; Müri, 2006). Interestingly, schizophrenia patients have well-

documented abnormalities in certain aspects of eye movement control (e.g., smooth pursuit, 

visually- or memory-guided saccades, antisaccades) (Calkins & Iacono, 2000), and several of the 

regions described above (e.g., DLPFC, anterior cingulate) display abnormal activation in 

schizophrenia compared to controls, both during fMRI tasks of oculomotor control (Camchong, 

Dyckman, Austin, Clementz, & McDowell, 2008; Hong et al., 2005; Keedy, Ebens, Keshavan, & 

Sweeney, 2006) and facial emotion processing (Taylor et al., 2012). Thus, these findings further 

suggest a potential relationship between fMRI abnormalities and eye movement behaviour in 

schizophrenia. 
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More recently, evidence suggests that the amygdala may also be involved in the control 

of visual gaze. Gamer and Büchel (2009) reported the results of a facial emotion recognition 

study that combined fMRI and eye-tracking. Participants viewed 150 ms presentations of faces, 

which were positioned on the screen such that the initial point of fixation was either to the eyes 

or mouth. Eye-tracking analyses indicated that participants made a greater proportion of upward 

gaze shifts (fixation changes toward the upper part of the face) on trials when the initial point of 

fixation was at the mouth than downward gaze shifts on trials where the initial fixation point was 

on the eyes. Additionally, these findings were accompanied by significantly greater BOLD signal 

change in the amygdala for fearful faces in trials when the initial point of fixation was at the 

mouth compared to the eyes. Moreover, the magnitude of BOLD signal differences in right 

amygdala was positively correlated with participants’ tendency to make fixation shifts toward the 

eyes. The results were interpreted as suggesting that the amygdala has a role in directing 

attention to salient stimulus features (e.g., wide fearful eyes), rather than, or in additional to, 

having a preferential response to emotional faces in general (Gamer & Buchel, 2009). Thus, the 

amygdala may be important for the recognition of fearful expressions by shifting visual gaze to 

salient or informative features of the face. The frequent finding of amygdala abnormalities in 

schizophrenia during face perception (Li et al., 2010; Taylor et al., 2012) might therefore relate 

not just to recognition deficits but also abnormal gaze behaviour.  

In summary, the preceding literature highlights the relationship between eye gaze 

behaviour and functional activation in a number of brain regions, including face-processing 

regions and cortical regions involved in voluntary eye movements. Activation abnormalities in 

these regions in schizophrenia during visual tasks, such as face perception, may therefore reflect 

the contribution of abnormal gaze behaviour during these tasks.  
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1.4.2 Lesion studies 

Further support for the relationship between visual gaze behaviour and functional 

activation in the neural system for facial emotion perception comes from lesion studies and 

studies with clinical populations. Adolphs (2010) has documented the case of patient SM, who 

has rare complete bilateral amygdala lesions and displays deficits in social cognition, with a 

particular impairment in the ability to recognize fear from facial expressions (Adolphs, 2010; 

Adolphs, Tranel, Damasio, & Damasio, 1994). A series of experiments on facial emotion 

perception in patient SM reveal an interesting pattern of findings: SM is unable to spontaneously 

direct her gaze to the eye region when viewing faces, and does not make use of eye information 

when performing the Bubbles task of facial emotion recognition (Adolphs et al., 2005). 

However, SM is able to accurately identify fearful expressions when explicitly instructed to 

direct her gaze to the eyes (Adolphs et al., 2005). These findings suggest SM’s impairment in 

fear recognition stems from her inability to spontaneously orient her attention to the eye region 

of the face necessary for accurately recognizing a fearful expression, rather than an inability to 

extract meaningful information from the eyes, which supports a contribution of the amygdala in 

orienting visual attention to salient stimulus features.  

 An additional study where patients with unilateral amygdala lesions performed the 

Bubbles task indicated that use of eye information for accurately discriminating between fearful 

and happy emotions was related the laterality of the lesion: right-side lesion participants made 

greater use of left eye compared to right eye information, while left-side lesion participants made 

greater use of right eye than left eye information (Gosselin, Spezio, Tranel, & Adolphs, 2011). In 

other words, patients had a preference for using eye information from the side of the face 

ipsilateral to their intact amygdala. Although the ipsilateral, rather than contralateral relationship 
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with eye information is surprising given that visual field information is typically processed in the 

contralateral hemisphere of the brain, the results nonetheless provide further support for the role 

of the amygdala in orienting visual attention. 

1.4.3 Studies of autism spectrum disorder 

While no study has yet examined the relationship between gaze behaviour and functional 

activation during facial emotion recognition in schizophrenia, several studies have examined this 

relationship in autism spectrum disorder (ASD). ASD is a neurodevelopmental disorder 

characterized by social cognitive impairments similar to schizophrenia, such as deficits in facial 

emotion recognition, as well as corresponding functional abnormalities in amygdala and FFA 

(see Schultz, 2005, for a review). Studies of visual gaze and information use during face and 

social perception in ASD also indicate restricted gaze behaviour similar to schizophrenia patients 

(Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Pelphrey et al., 2002; Spezio, Adolphs, Hurley, 

& Piven, 2007).  

Several studies of functional activation and visual gaze behaviour during face perception 

in ASD have been published, albeit with varied findings and some methodological limitations. 

Dalton and colleagues (2005) used fMRI with concurrent eye tracking to examine brain 

activation and gaze behaviour during facial emotion discrimination and face recognition in 

individuals with ASD and healthy controls. For each task, it was found that individuals with 

ASD spent less time than controls fixating to the eye region of the face, and had reduced BOLD 

signal change in fusiform gyrus and occipital gyrus, as well as greater BOLD signal change in 

the amygdala (although amygdala findings were in different hemispheres for each task). 

Furthermore, BOLD signal change in these regions was positively correlated with fixation time 

to the eye region of the face, for ASD but not control participants (Dalton et al., 2005). While 
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interpretations of this relationship are limited by the correlational nature of the findings, the 

authors suggested that fusiform hypoactivation in ASD may be due to the avoidance of eyes 

when viewing faces, and that hyperactivation in amygdala may reflect overarousal to social 

stimuli leading to eye avoidance.  

In another study, Perlman et al. (2011) reported reduced BOLD signal change in right 

fusiform gyrus and amygdala in individuals with ASD compared to controls while participants 

passively viewed a fearful facial expression in the scanner. However, the ASD group was found 

to have greater BOLD signal change than controls in fusiform gyrus and no difference from 

controls in amygdala when participants viewed the same face during conditions in which a 

moving fixation cross directed gaze to the eyes (similar to the paradigm employed by Morris et 

al., 2006 described above). The authors interpreted the results as demonstrating that the fusiform 

activation in the ASD group could be “normalized” by increasing viewing to the eye region of 

the face; however, gaze behaviour was not recorded in this study, which precluded examining 

group differences in gaze behaviour during the passive viewing condition or confirming the gaze 

manipulation in the directed viewing condition. 

In a similar study, participants viewed pictures of facial emotions during free viewing and 

during a directed viewing condition where a static cue directed attention toward the eyes 

(Tottenham et al., 2013). Eye-tracking data was recorded during an identical task performed 

outside the scanner. Eye gaze analysis for the free viewing condition indicated that compared to 

controls, individuals with ASD made a smaller proportion of gaze fixations toward the eyes 

when viewing neutral but not angry faces, and the amount of fixations toward the eyes was 

negatively correlated with ASD participants’ threat ratings of the neutral faces. Correspondingly, 

a small volume correction fMRI analysis within bilateral amygdala found greater amygdala 
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BOLD signal change in ASD than controls during free viewing for neutral but not angry faces. 

Moreover, within the ASD group, the directed viewing condition lead to increased amygdala 

response for neutral faces, and this increase was negatively correlated with eye movements 

toward the eyes during free viewing. These findings suggest that directing gaze toward the eyes 

increased amygdala activity in the ASD participants, particularly those who were less likely to 

spontaneously look toward the eyes. 

Although the findings described above from studies of amygdala lesion patients and 

individuals with ASD are not entirely consistent (i.e., lesion studies suggesting a role of the 

amygdala for orientation attention toward the eyes versus some ASD studies suggesting that 

amygdala hyperactivation may be contributing to overarousal and eye avoidance in this 

population), the findings do provide support for the relationship between visual gaze behaviour 

and activity in brain structures involved in facial emotion perception.  

1.4.4 Studies of social cognitive remediation in schizophrenia 

 Additional indirect support for the hypothesis that visual gaze behaviour contributes to 

the functional activation abnormalities found in schizophrenia comes from intervention studies 

examining training programs to improve facial emotion recognition and social cognition in the 

disorder. 

Hooker and colleagues (2013) report neuroimaging findings from a randomized 

controlled trial (RCT) of a 50-hour computerized cognitive remediation intervention for 

schizophrenia. Schizophrenia participants were randomized to either the combined delivery of 

auditory memory training and social cognitive training programs, or placebo computer games. A 

subset of the RCT sample (11 in each group) completed a pre- and post-intervention fMRI task 

of facial emotion recognition. Outcome results supported the predicted time by group interaction 
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on emotion perception abilities assessed outside the scanner, such that participants in the 

intervention group had greater pre-to-post training performance improvements than participants 

in the placebo group. Group by time interaction analyses of the fMRI data revealed significantly 

greater pre-to-post BOLD signal increases in the intervention compared to placebo groups in 

several regions, including left medial superior frontal gyrus (possibly in the region of the 

supplementary eye field) for the accurate recognition of negative emotions relative to baseline, 

and in bilateral amygdala for positive emotions. Interestingly, participants’ pre-to-post activation 

increases in right amygdala during correct responses predicted performance improvements in 

emotion perception assessed outside the scanner (Hooker et al., 2013).  

 In another study, Habel and colleagues (2010) assessed functional activation changes 

following completion of the Training of Affect Recognition (TAR) cognitive remediation 

program (Wölwer et al., 2005). Compared to the control group of schizophrenia patients (N = 10) 

assigned to treatment-as-usual (i.e., receiving psychiatric but not cognitive remediation 

treatment), the TAR intervention group (N = 10) was found to have greater increased BOLD 

signal change on an emotion recognition task, in regions including left visual cortex (superior 

and middle occipital gyri), right parietal lobule (including intraparietal sulcus), and right inferior 

frontal gyrus (Habel et al., 2010). 

Since the social cognitive interventions in these studies involved training and practice on 

directing attention to salient facial features, these results suggest that the increased functional 

activation – particularly in visual cortex, amygdala, and frontal cortex and intraparietal sulcus 

(possibly encompassing supplementary and parietal eye fields, respectively) – might reflect 

greater orienting of visual gaze to salient features of the face. However, it should be noted that 

the small sample sizes and use of liberal statistical thresholding by current standards limit the 
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conclusions that can be drawn from these studies. Nonetheless, the results of several facial 

emotion recognition training studies in schizophrenia that measured visual gaze behaviour 

indicate that training is associated with improved recognition performance (Drusch et al., 2014; 

Marsh et al., 2012; Russell et al., 2008), as well as increased gaze to salient facial features 

(Drusch et al., 2014; Russell et al., 2008), suggesting that facial emotion deficits in schizophrenia 

can be improved by training patients to increase attention to salient facial features, with potential 

concomitant changes in functional brain activation. 

In summary, several lines of evidence – including findings from basic cognitive 

neuroscience, studies of amygdala lesion and ASD patients, and schizophrenia intervention 

research – suggest a relationship between visual gaze behaviour and functional activation 

patterns during facial emotion perception. While this relationship is likely complex, such that 

some regions may be modulated by the focus of gaze (e.g., fusiform gyrus) while other regions 

(e.g. amygdala, frontal eye fields, intraparietal sulcus) contribute to directing visual attention, it 

suggests an important association between these two abnormalities that are commonly reported 

during impaired facial emotion recognition in schizophrenia.  

1.5 Rationale, Goals, and Hypotheses 

The research described in the preceding sections indicates the following: 

1) Deficits in facial emotion processing are a core feature of schizophrenia and are 

related to functional outcome in the disorder; 

2) These deficits are accompanied by functional activation abnormalities in brain regions 

underlying facial emotion perception, including visual regions involved in face 

perception (e.g., fusiform gyrus) and other regions that support further processing of 

emotional faces (e.g., amygdala, prefrontal cortex); 
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3) Individuals with schizophrenia also exhibit eye gaze abnormalities when viewing 

faces, including reduced attention to salient facial features such as the eyes and mouth; 

4) Research with healthy individuals and other clinical populations suggests a 

relationship between eye gaze behaviour and functional activation during face 

viewing, including in regions where activation abnormalities have been reported in 

schizophrenia. 

Despite this evidence, no experimental study to date has investigated the relationship 

between functional activation abnormalities and restricted gaze behaviour associated with facial 

emotion recognition deficits in schizophrenia. Clarifying this relationship is necessary to 

understand the contributors to facial emotion recognition deficits in schizophrenia, and may have 

important implications for the interpretation of previous fMRI findings in this area and for the 

development of remediation efforts. In the present study, I examined whether manipulating eye 

gaze behaviour during facial emotion perception modulates functional brain activation in face-

processing regions in nonpsychotic controls (conceptually replicating a previous study by Morris 

et al., 2006), and examined whether this manipulation yields similar results in individuals with 

schizophrenia, with the goal of providing a causal test of the influence of eye gaze behaviour on 

functional activation patterns in this population. 

I hypothesized the following: 

1) Compared to controls, schizophrenia patients would have lower performance on a 

facial emotion discrimination task and have a smaller percentage of fixations and 

viewing time to salient facial features, replicating previous findings of facial emotion 

recognition deficits and eye gaze abnormalities in schizophrenia; 

2) Manipulating visual scanpaths during facial emotion perception would modulate 
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BOLD signal change in face-processing regions in community controls, such that a 

condition in which participants make “typical” scanpaths with fixations primarily to 

salient facial features would elicit greater BOLD signal change compared to an 

“atypical” scanpath condition with fixations primarily to non-salient facial features. 

3) The visual scanpath manipulation would elicit a similar pattern of BOLD signal 

change in schizophrenia patients as in controls. 

Specifically, based on the previous scanpath manipulation study by Morris et al. (2006) 

and neuroimaging findings of facial emotion perception in schizophrenia (Taylor et al., 2012), I 

hypothesized that increased BOLD signal change during “typical” compared to “atypical” 

viewing would occur in the two regions of the core neural system for face perception located 

within the ventral visual pathway: the occipital face area (OFA) and fusiform face area (FFA) 

(Haxby et al., 2000). I also examined whether modulation would occur within several other 

relevant regions. These included the posterior superior temporal sulcus (STS) and amygdala due 

to 1) their role in the core and extended neural system for face perception, respectively (Haxby et 

al., 2000); 2) documented activation abnormalities in these regions during face perception in 

schizophrenia (Anticevic et al., 2012; Li et al., 2010; Taylor et al., 2012); and 3) the potential 

role of the amygdala in orienting attention to the eyes (Gamer & Buchel, 2009). Furthermore, I 

examined whether visual scanpath manipulation would modulate BOLD signal change in key 

regions involved in oculomotor control and visual attention: the frontal eye fields (FEF) and 

intraparietal sulcus (IPS) (Lynch & Tian, 2006; Müri, 2006). Contrary to the directional 

hypotheses for OFA and FFA, the analyses conducted on the above regions were exploratory and 

no directional predictions were made. Additionally, I conducted a whole-brain analysis to 

investigate whether visual scanpath manipulation would influence BOLD signal change in other 
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brain regions.  

Finally, given that the fMRI task in this study constrained eye gaze to specific facial 

features and equated visual scanpaths across groups, I did not expect to find the group 

differences in BOLD signal change in visual face-processing regions that have been reported in 

previous studies of facial emotion perception in schizophrenia.  

 

Chapter Two: Method 

2.1 Participants and Recruitment 

Thirty-five community controls and 32 individuals with schizophrenia or schizoaffective 

disorder (hereafter referred to as schizophrenia patients) were enrolled in the study based on an 

initial phone screening interview. Four controls and seven patients were excluded because 

eligibility could not be confirmed during the in-person clinical interview or the individual 

dropped out of the study prior to completing the first session. Of participants included in the final 

sample, all valid data were retained regardless of whether participants completed both study 

sessions or whether a participant was missing data from a particular task (described in the 

following sections), with the following exception: only participants with valid fMRI data were 

retained for the Directed Viewing Facial Emotion Perception task, since the purpose of this task 

was to ensure that participants were able to complete the task in the scanner. For the Free 

Viewing Facial Emotion Discrimination Task, accuracy data included 31 controls and 25 

patients, and eye movement data included 30 controls and 23 patients. The Directed Viewing 

Practice Task included eye movement data for 25 controls and 22 patients, while there was fMRI 

data for 26 controls and 23 patients. Please see Figure 1 for a diagram depicting the included and 

excluded data from each portion of the study. 
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Schizophrenia patients were recruited through outpatient clinics, community 

organizations, and from a database of individuals who participated in previous research studies. 

Community controls were recruited through advertisements posted online and in the community. 

Participant exclusion criteria were: age below 18 or above 60 years, estimated Intelligence 

Quotient (IQ) below 70, non-remitted current substance use disorder, history of head injury 

resulting in unconsciousness greater than 20 minutes or hospitalization, current or past central 

nervous system disorder or neurological condition (e.g., epilepsy, multiple sclerosis, stroke), 

history of electroconvulsive therapy, less than normal or corrected-to-normal vision, and MRI 

contraindications. Additional exclusion criteria for controls were personal or family history of 

psychotic or bipolar disorders, current major depressive episode, and current or previous use of 

antipsychotic medication. All schizophrenia patients were being treated with antipsychotic 

medication. 
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Figure 1. Diagram of participant data retention and exclusion for the different tasks of the study. CTL = community controls. SCZ = 

schizophrenia patients. 
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2.2 Procedure 

 The study was conducted at the University of Calgary. Initial participant screening was 

conducted over the phone following verbal participant consent. Enrolled participants completed 

the study over the course of two sessions occurring approximately within a two-week period. 

The first session included a clinical interview and cognitive testing (administered by a doctoral 

student in clinical psychology), and eye-tracking tasks (free viewing facial emotion 

discrimination task and practice version of the directed viewing fMRI task). The second session 

consisted of the MRI scan and the completion of a demographics questionnaire and social 

functioning questionnaire (patients only). Participants were compensated $25 for the interview 

and eye-tracking session and $25 for the MRI session. Written informed consent was obtained 

prior to participation and the study protocol was approved by the University of Calgary Conjoint 

Health Research Ethics Board. 

2.3 Diagnosis and Assessment 

Diagnoses were confirmed in patients and ruled out in controls by the Structured Clinical 

Interview for DSM-5 (SCID-5) (American Psychiatric Association, 2015), and global 

functioning was rated via the Social and Occupational Functioning Assessment Scale (SOFAS) 

(American Psychiatric Association, 2000). IQ was estimated using the Wechsler Abbreviated 

Scale of Intelligence – Second Edition (WASI-II) two-subtest form (Wechsler, 2011). Symptom 

severity and social functioning in patients were assessed through the Positive and Negative 

Syndrome Scale (PANSS) (S. R. Kay, Fiszbein, & Opler, 1987) and Social Functioning Scale 

(SFS) (Birchwood, Smith, Cochrane, Wetton, & Copestake, 1990), respectively. 
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2.4 Tasks and Stimuli 

2.4.1 Free Viewing Facial Emotion Discrimination Task 

A facial emotion discrimination task was administered in order to examine differences in 

gaze behaviour and recognition performance between schizophrenia patients and controls. In this 

task, participants viewed photographs of faces and were required to make a key-press indicating 

whether the face presented corresponded to a given target emotion category (either anger, fear, or 

sadness). For example, if the target emotion was “fear”, participants had to indicate whether the 

faces presented depicted fear. There were three target emotion blocks (one each of anger, fear, 

and sadness) presented in a randomized order. Each block included 23 trials comprised of six 

target emotion faces and 17 non-target emotion faces (four each of the other two emotion 

categories and nine neutral expression faces). To familiarize participants with the task, a practice 

block of four trials occurred before the presentation of the first experimental block.  

Task instructions and the target emotion for the current block were displayed at the start 

of each block. Prior to each trial, participants were presented with a fixation screen in which they 

were required to fixate to a circle randomly presented to a corner of the screen (outside of foveal 

vision of the face stimuli location). This step was to verify the calibration accuracy of the eye 

tracker and to ensure that participants’ gaze at the start of the trial was not biased to a particular 

region of the face. Each face was presented for 5 s, followed by a 2 s response screen displaying 

the answer choices (e.g., “Fear” and “Other”), with the target answer choice always presented on 

the right side of the screen and the non-target choice always presented on the left. Participants 

were instructed to look at the face for the total duration of the trial and to wait until the response 

screen appeared before providing a response. Participants pressed the right shift key for “target” 

and the left shift key for “non-target” responses.   
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The task was programmed with Experiment Builder (SR Research Ltd., Mississauga, ON, 

Canada). Stimuli were selected from the Karolinska Directed Emotional Faces (KDEF) database 

(Lundqvist et al., 1998) from images with an emotion identification accuracy rate of at least 25% 

reported in the KDEF validation study, in which participants had to correctly identify each image 

as one of seven possible facial expressions (Goeleven, De Raedt, Leyman, & Verschuere, 2008). 

Stimuli were assigned to each emotion discrimination block such that the average accuracy rate 

(from the validation study) was equated across blocks: Anger block: 66.29%, Fearful block: 

69.54%, Sadness block: 70.10%. Each stimulus was presented only once; however, each block 

had three stimuli where the actor in the image also appeared in another image. The selected 

KDEF images were converted to grayscale and cropped to exclude the top of the head and neck, 

and the image background on either side of the actor. Stimuli were presented in the center of a 

gray background and subtended a visual angle of approximately 17.3° of width and 15.3° of 

height at a viewing distance of 76 cm. 

2.4.2 Directed Viewing Facial Emotion Perception Task 

This task was administered to examine whether participant eye gaze patterns influence 

BOLD signal during facial emotion perception, and was modeled after the paradigm used in the 

study by Morris and colleagues (2006). Participants completed two versions of the task: a 

practice version outside the scanner in which eye gaze data were recorded, and the fMRI version 

completed during the scanning session. A visual representation of the task design is presented in 

Figure 2. 

2.4.2.1 Eye-tracking practice task. 

A practice version of the task was administered to familiarize participants with the task to 

be completed in the scanner and to record eye movement data to ensure that participants could 
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adequately perform the task. Participants viewed photographs of facial expressions while a small 

fixation cue appeared at different locations of the face, and participants were instructed to track 

the cue location and only look at the area of the face indicated by the cue (i.e., the area of the 

face directly behind and surrounding the cue). The fixation cue appeared primarily at the eyes 

and mouth for the Typical Viewing blocks or primarily at peripheral facial features for the 

Atypical Viewing blocks. Additionally, a visual Control condition was included in which the cue 

appeared at random locations over a scrambled face image. Furthermore, in order to encourage 

and assess participants’ sustained attention throughout the duration of the task, participants were 

required to make a key press following each block to indicate the side of the screen (i.e., left or 

right) where the last cue of the block was presented. 
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Figure 2. Experimental design for the Directed Viewing Facial Emotion Perception task. The top 

panel shows examples of the cue sequences for the three viewing conditions of the task. The 

bottom panel illustrates the structure of the task. The order of Typical and Atypical blocks was 

counterbalanced across scans. 
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The task was programmed in Presentation (Neurobehavioral Systems, CA, USA), with 

cue parameters generated using custom code written in C# in Microsoft Visual Studio (Microsoft 

Corporation, Redmond, WA, USA). Stimuli were selected from fearful, neutral, and sad facial 

expressions from the KDEF database and were prepared and presented as described for the Free 

Viewing Task. Fearful, neutral, and sad expressions were chosen due to the particular focus on, 

and use of information from the eye region when evaluating these particular facial expression 

categories (Eisenbarth & Alpers, 2011; M. L. Smith et al., 2005). Importantly, the KDEF 

database was selected for this study because the positioning of the eyes and mouth of each face is 

equated across images, ensuring that the fixation cues would appear at the location of their 

intended facial feature for each face in the task. Scrambled faces for the Control condition were 

generated from several KDEF images by selecting an oval shaped cutout of the central face 

region to exclude ears and hair, and applying a concentric distortion to render the facial features 

unrecognizable, resulting in a scrambled face image similar to those used as control stimuli in 

previous neuroimaging studies of facial emotion perception in schizophrenia (e.g., Gur et al., 

2007). 

The fixation cue was a white cross subtending approximately 0.5° visual angle and 

presented for an average duration of 1000 ms (range 600–1300 ms) per cue location. There were 

11 discrete cue locations per face block, and each face was presented for 11 s. For Typical 

Viewing blocks, the cue landed 8 times on the eyes (73% of cue locations), twice on the mouth 

(18% of cue locations), and once elsewhere on the face. For Atypical Viewing blocks, the cue 

landed only once (9% of cue locations) on the eyes or mouth and 10 times on peripheral (i.e., 

non-salient) facial features (Figure 2). The nose region was excluded as a cue location due to its 

close proximity to the eyes and mouth. The allocation of cues to different regions of the face in 
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each condition approximated the percentages from the study by Morris et al. (2006), of which the 

percentages for the Typical Viewing scanpaths were modeled on the face-viewing patterns of a 

group of healthy control subjects (Pelphrey et al., 2002). The average Euclidian distance between 

successive cue locations was 5.4° in each of the three task conditions.  

In order to determine cue locations for the task, a map was created dividing the 463 

pixels wide ! 483 pixels high face image space into several regions. These regions included the 

salient features where a cue could be presented (left eye, right eye, mouth), an exclusion region 

in which a cue could not be presented (a region surrounding each eye and mouth, and the entire 

nose), and a non-salient feature region corresponding to the entire face minus the above regions 

(Figure 3). Screen coordinates corresponding to the center pixel for each cue in a task block were 

then generated by 1) randomly generating a sequence of regions from which to select cues for a 

given block according to the current task condition’s ratio of cues to salient vs. non-salient 

features (either Typical, Atypical, Control), and 2) for each cue in the sequence, randomly 

selecting coordinates from within the face region assigned to the cue, while attempting to ensure 

that the Euclidean distance between the current cue and the previous cue was between 133 and 

267 pixels. For the Control condition, cue coordinates could be selected from the entire face 

region. 

Participants completed three task runs, with each run following an alternating structure 

beginning with a 2 s central fixation screen, followed by an Atypical, Control, and Typical block, 

with a 2 s response screen appearing at the end of each block (Figure 2). This structure was 

repeated six times per run, with an additional central fixation screen at the end of the run. The 

order of the alternations between Atypical and Typical blocks was reversed for the second task 

run (i.e., Typical, Control, Atypical). The Atypical and Typical conditions each contained two 
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blocks of fearful, neutral, and sad faces randomly distributed within a run, and each face in the 

task was unique. 

 

 

Figure 3. Face region map used to generate cue locations for the Directed Viewing Facial 

Emotion Perception Task. Each green ellipse corresponds to an individual salient feature region. 

The red area denotes the exclusion region where no cue was presented during Typical or 

Atypical blocks. The blue ellipse border encapsulates the cue presentation region for the Control 

blocks, and the blue area shows the non-salient feature region for Typical and Atypical blocks. 

 

2.4.2.2 fMRI task. 

 The structure of the fMRI task followed a similar design; however, the stimuli were 

scaled to fill the scanner display, with images subtending a visual angle of approximately 19.3° 
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in width and 22.2° in height, and with an average Euclidian distance between successive cue 

locations in each condition of approximately 5.8°. Additionally, the fixation blocks were 13 s to 

match the duration of the experimental blocks. Participants completed six task runs (three with 

the Atypical, Control, Typical order, and three with Typical, Control, Atypical) presented in 

randomized order, for a total of 36 Atypical Viewing, 36 Typical Viewing, 36 Control blocks, 

and 42 rest blocks per participant. 

2.5 Eye Gaze Recording 

 Eye gaze recording was performed with an EyeLink 1000 desktop-mounted eye tracking 

system (SR Research Ltd., Mississauga, ON, Canada), using a 35 mm infrared camera lens to 

track monocular movements at a sampling rate of 1000 Hz, with an average gaze recording error 

of less than 0.5° visual angle. Stimuli were presented on a 24-inch monitor positioned 

approximately 76 cm from participants at eye level, and participant head movements were 

minimized through the use of a chin and forehead rest. A 9-point calibration and validation 

procedure was performed prior to each task block to ensure gaze recording accuracy. 

Additionally, a calibration “drift check” procedure was performed throughout each task to 

identify changes in tracker calibration accuracy, and a new calibration was performed when 

necessary. The drift check occurred prior to every trial during the Free Viewing task, and at the 

start of each central fixation screen during the Directed Viewing practice task (four times per 

run). 

2.6 Magnetic Resonance Image Acquisition 

Scanning was performed using a 3 T General Electric Discovery MR750 scanner 

(General Electric Healthcare, Waukesha, Wisconsin, USA) equipped with an 8-channel head coil 

at the Seaman Family Magnetic Resonance Research Centre, University of Calgary. For each of 
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the six functional runs, 131 (plus 4 dummy volumes) T2*-weighted gradient echoplanar images 

(EPI) were acquired using the following parameters: 46 oblique slices with descending 

acquisition and whole-brain coverage, slice thickness = 3.5 mm with no inter-slice gap, echo 

time (TE) = 30 ms, repetition time (TR) = 2500 ms, flip angle (FA) = 70°, field of view (FOV) = 

22 cm, matrix = 64 ! 64, voxel size = 3.4 ! 3.4 ! 3.5 mm. Additionally, a whole-brain T1-

weighted magnetization prepared rapid acquisition gradient echo (MP-RAGE) scan was acquired 

to anatomically register the functional data [TE = 3.1 ms, TR = 7.4 ms, inversion time (TI) = 650 

ms, FOV = 25.6 cm, 236 1 mm slices]. High order shimming was employed to reduce magnetic 

field inhomogeneities and minimize signal dropout in the EPIs. A B0 map was also acquired to 

estimate magnetic field inhomogeneities for offline correction of geometric distortions in the 

EPIs and to improve EPI to T1 image registration.  

2.7 Data Analysis 

2.7.1 Demographic and task performance data analysis 

Demographic data were analyzed using independent t-tests and Pearson’s chi-squared 

tests. Accuracy for the Free Viewing Facial Emotion Discrimination task was analyzed using a 

mixed-design group (controls, patients) by target emotion condition (anger, fear, sadness) 

ANOVA and a group (controls, patients) by stimulus expression condition (anger, fear, neutral, 

sadness) ANOVA, in order to examine both top-down (task context) and bottom-up (stimulus-

driven) effects of emotional expression. Accuracy for the Directed Viewing practice and scanner 

tasks was analyzed using independent t-tests. Statistically significant (p<.05, two-tailed) findings 

were followed up by planned pairwise comparisons, and independent t-tests were used instead of 

pairwise comparisons when the homogeneity of variance assumption was violated. Greenhouse-

Geisser adjustments to degrees of freedom were made when the assumption of sphericity was 
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violated. Reported significance values were corrected for multiple comparisons using the 

Bonferroni correction.  

2.7.2 Eye gaze data preprocessing and analysis 

 Gaze data were processed using the EyeLink Data Viewer software package (SR 

Research Ltd., Mississauga, ON, Canada) using the default settings (saccades/fixations defined 

as samples above/below thresholds of 30°/s velocity and 8000°/s2 acceleration). Only data within 

each trial/block’s face presentation windows (5 s for the Free Viewing and 11 s for the Directed 

Viewing tasks) were analyzed. Consecutive fixations with a duration less than 100 ms and within 

1° were merged, and remaining fixations less than 100 ms in duration were removed. Fixations 

with an onset time prior to the trial’s face presentation window and carrying over into the current 

trial were removed, as was the first fixation of a trial if it did not land on the face area. Fixations 

that ended after the face presentation window within a trial were trimmed to only include the 

portion of the fixation contained within the trial. All trials were visually inspected for missing 

fixation data and eye tracker calibration errors. Trials containing fixation data for less than 75% 

of the stimulus presentation window or with fixations landing on the face area less than 90% of 

the time (due to eye tracker calibration errors, unusually long blinks, or participant non-

compliance) were excluded. Trials containing gross gaze drift (from excessive head movement 

or tracker calibration error) were visually identified and fixation locations for these trials were 

manually corrected. This was achieved by estimating the average distance and direction of drift 

for trials within a given task block, based on examining the amount of drift during the fixation 

trials and by comparing gaze fixation locations between trials with and without drift. All 

fixations within affected trials were then manually shifted by the estimated amount of drift. 

Trials and/or entire blocks were excluded if drift could not be corrected offline due to large 
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and/or variable drift, or if accurate eye tracker calibration could not be achieved during the 

recording session. Additionally, only participants who completed the fMRI session were 

included in the eye gaze analysis for the Directed Viewing task, since the purpose of this analysis 

was to ensure that participants who completed the fMRI session could successfully perform the 

task. Following exclusions based on data quality and availability of fMRI data (detailed in Figure 

1), the resulting sample sizes for the eye gaze analyses were 30 controls and 23 patients for the 

Free Viewing task and 25 controls and 22 patients for the Directed Viewing practice task. 

2.7.2.1 Free Viewing Facial Emotion Discrimination Task. 

The dependent variables for this task were fixation number and dwell time (time spent 

fixating within a defined location), which were converted to percentages to facilitate the 

interpretation of comparisons between groups and across facial expression conditions. These 

dependent variables were analyzed within three interest areas (IAs) of the face stimuli: eyes (left 

and right combined), nose, and mouth. IAs were also combined into a composite IA representing 

salient facial features. 

The IAs were defined for each stimulus image according to the following specifications 

(see Figure 4 for an example). Each eye IA extended horizontally from the outer to the inner 

edge of the eyebrow, and extended vertically from the top of the eyebrow to the lower eyelid. 

The nose IA was defined horizontally by the nasolabial fold on either side of the nose (or by a 

width of 10 pixels on either side of the nose in the absence of a nasolabial fold), and vertically 

from the bottom of the nose tip up to the point where triangular part of the nose meets the face 

(rhinion). The nose IA was shortened vertically if necessary to prevent overlap with eye IAs. The 

mouth IA was bounded horizontally by the corner lines of the mouth (oral commissures) and 

vertically from the crease between the chin and bottom lip (mental crease) up to the midpoint of 
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the philtrum (a point halfway between the cupid’s bow and nose tip). All IAs were then 

expanded by 10 pixels on each side to account for eye tracker recording error. The average 

dimensions (in approximate visual angle) of each IA across stimuli were the following: left eye = 

4.1° wide ! 3.0° high; right eye = 4.1° wide ! 3.0° high; nose = 3.6° wide ! 2.6° high; mouth = 

5.1° wide ! 2.5° high. 

 

Figure 4. Example of interest areas used in the analysis of gaze data for the Free Viewing Facial 

Emotion Discrimination Task. 

 

 Dependent variables (percentage of fixations and dwell time to individual and composite 

IAs) were analyzed using a mixed-design group (controls, patients) by target emotion condition 

(anger, fear, sadness) ANOVA and a group (controls, patients) by stimulus expression condition 

(anger, fear, neutral, sadness) ANOVA, in order to examine both top-down (goal-driven) and 
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bottom-up (stimulus-driven) effects of emotional expression. Within-subject comparisons across 

individual IAs were not possible due to the non-independence of these data. Statistically 

significant (p<.05, two-tailed) findings were followed up by planned pairwise comparisons, and 

independent t-tests were used instead of pairwise comparisons when homogeneity of variance 

assumption was violated. Greenhouse-Geisser adjustments to degrees of freedom were made 

when the assumption of sphericity was violated. Reported significance values for repeated-

measures comparisons were corrected for multiple comparisons using the Bonferroni correction: 

! = 0.0125 (0.05/4 stimulus expressions) for the group ! stimulus expression condition ANOVA 

and ! = 0.0167 (0.05/3 target emotions) for the group ! target emotion condition ANOVA 

2.7.2.2 Directed Viewing Facial Emotion Perception Task (Practice Version). 

The purpose of data analysis was to examine the extent to which participants were able to 

fixate on the region of the face indicated by the cues; i.e., to verify that all participants were able 

to successfully perform the task. To this end, two metrics were evaluated: 1) the percentage of 

cues in a block to which the participant was able to make at least one fixation (% coincidence 

count = number of successfully fixated cues / 11 cues in a block ! 100); 2) the duration of 

fixations to a given cue location while the cue was present on screen, converted to percentage (% 

coincidence duration = duration of coincidences between fixations and cues / total block fixation 

time ! 100). In addition, the number of fixations within each block was examined to further 

account for possible differences in gaze behaviour across the task conditions.  

Fixation data (onset and offset times, x and y screen coordinates) for each participant 

were generated in EyeLink Data Viewer (SR Research Ltd., Mississauga, ON, Canada) and 

analyzed using custom software written in C# in Microsoft Visual Studio (Microsoft 

Corporation, Redmond, WA, USA). Scores for the above metrics were computed by comparing 
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the timing and location information of fixations and cues in order to identify coinciding fixation 

and cue events within each block. In order to count as a “coincidence”, a fixation was required to 

have temporal overlap with a given cue presentation and meet at least one of two spatial overlap 

criteria: 1) have a Euclidean distance of no more than 45 pixels (approximately 1.5° visual angle) 

from the cue location, or 2) be located within the same region of the face as the cue if the cue 

was displayed on a salient facial feature (eyes and mouth). These salient feature regions had the 

same dimensions as the regions used to generate the coordinates for cue presentations to the eyes 

and mouth (Figure 3). 

The two coincidence metrics and the fixation count variable were analyzed using separate 

2 group (patients, controls) by 3 viewing conditions (Typical, Atypical, Control) mixed-design 

ANOVAs. Statistically significant (p<.05, two-tailed) findings were followed up by planned 

pairwise comparisons, and independent t-tests were used instead of pairwise comparisons when 

homogeneity of variance assumption was violated. Greenhouse-Geisser adjustments to degrees 

of freedom were made when the assumption of sphericity was violated. Reported significance 

values for repeated-measures comparisons were corrected for multiple comparisons using the 

Bonferroni correction: ! = 0.0167 (0.05/3 viewing conditions).  

2.7.3 fMRI preprocessing 

Imaging preprocessing and analysis were performed using tools from the FMRIB 

Software Library (FSL) (www.fmrib.ox.ac.uk/fsl) version 5.0.10 (Jenkinson, Beckmann, 

Behrens, Woolrich, & Smith, 2012). Non-brain tissue was removed from each participant’s T1-

weighted structural image. The first four volumes of each EPI functional run were discarded to 

allow for equilibration effects. Preprocessing included image realignment (motion correction), 

B0 unwarping (EPI geometric distortion correction using field maps), non-brain tissue removal, 
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grand-mean intensity normalization of the entire 4D dataset by a single multiplicative factor, 

spatial smoothing using a 7 mm full-width-half-maximum (FWHM) Gaussian kernel, and 

highpass temporal filtering using Gaussian-weighted least-squares straight line fitting with sigma 

= 45 s. Functional images were first registered to the structural image using rigid body 

transformations and a boundary-based registration cost function, and then to the Montreal 

Neurological Institute (MNI) Avg152 standard-space template using affine transformations and 

further refinement with nonlinear transformations. This process was performed separately for 

each run, and the output of the brain extraction, distortion correction, motion correction, and 

registration were visually inspected for quality control.  

Plots of estimated head motion for each participant scan were inspected for excessive 

motion. All scans had overall absolute and relative mean volume-to-volume displacements below 

0.75 mm and 0.26 mm, respectively, and no scans were excluded due to motion. Volumes with 

extreme intensity values associated with large displacement were omitted from the fMRI analysis 

using confound matrices during subject-level modeling (described in the fMRI analysis section 

below). There were no group differences in head motion assessed by average absolute 

displacement (t(40.79) = 0.87, p = .388); however, the patient group (M = 0.08 mm, SD = 0.05) 

had significantly higher average relative displacement than the control group (M = 0.06 mm, SD 

= 0.02) (t(26.19) = –2.32, p = .028). Therefore, participant average relative displacement was 

included as a nuisance covariate in the group-level analyses. 

2.7.3.1 fMRI artifact removal. 

Early during the data collection phase of the study, a malfunctioning scanner head coil 

was identified and replaced. Data for the seven participants (5 controls and 2 patients) who were 

scanned prior to the coil replacement underwent quality control inspection to identify any EPIs 
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contaminated by coil-related artifacts, followed by post-processing to clean affected scans. 

Affected scans were identified by inspecting temporal signal-to-noise ratio (tSNR) maps 

(generated from the raw EPIs by dividing voxelwise temporal mean intensity by voxelwise 

temporal standard deviation), which facilitated the identification of a characteristic pattern of low 

tSNR in left-hemisphere occipital and frontal regions in contaminated EPI data. Post-processing 

correction was performed using an independent component analysis (ICA)-based temporal 

filtering procedure, similar to the procedure employed to manually remove structured noise from 

resting state fMRI data. First, probabilistic ICA was performed on contaminated functional scans 

using FSL’s MELODIC. Next, independent component spatial maps, along with the component 

signal timecourse and power spectrum timecourse plots, were visually inspected to identify 

components attributable to the coil artifact. ICA and spatial component inspection was also 

performed on the scans with unremarkable tSNR maps, to rule out the presence of subtle coil-

related artifact in these data. Third, components labeled as artifact were removed from the 

functional data using FSL’s fsl_regfilt command-line program. Finally, ICA and single-subject 

general linear modeling analysis of the filtered functional data were performed, and the analysis 

outputs were inspected to ensure successful artifact removal and intact task-related signal. All 

seven participants scanned prior to the coil replacement were found to have at least one 

contaminated functional scan. Three participants (all from the control group) and one run from a 

patient scan were excluded from the analysis due to unsuccessful artifact removal. All retained 

scans either did not contain coil-related artifact originally or were successfully denoised via the 

ICA temporal filtering procedure. 
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2.7.3.2 Additional data exclusion. 

Functional runs were excluded from the analysis if participants made more than 3 

incorrect responses and/or had more than 2 timed-out responses during the in-scanner attention 

check response window (controls: 1 run; patients: 3 runs across 2 participants). An additional 

functional run was missing from each group due to scanner/computer issues during the testing 

session. 

2.7.4. Whole-brain fMRI analysis 

 Subject-level analyses were conducted separately for each run using FSL’s FEAT. Model 

fitting was performed using time-series regression with local autocorrelation correction. Boxcar 

functions representing each block type’s onset times were convolved with a double gamma 

hemodynamic response function (HRF) to create model regressors, while rest blocks were not 

modelled and were treated as an implicit baseline condition. The six head motion correction 

parameters and each regressor’s temporal derivative were included as regressors of no interest to 

improve model fit. Additionally, FSL Motion Outliers was used to identify any time points in the 

signal that were correlated with large head motion (outliers identified as metric values exceeding 

the 75th percentile + 1.5 times the interquartile range), which were then included as individual 

regressors of no interest, effectively removing effects of these time points on the analysis.  

The following subject-level contrasts were constructed to be submitted to the higher-level 

analyses: 1) in order to examine whether the face viewing conditions elicited a pattern of BOLD 

signal change similar to commonly used facial emotion processing tasks, the Control condition 

was subtracted from the average of the Typical and Atypical face-viewing conditions (Faces > 

Control contrast); 2) a Typical > Atypical contrast tested for regions of greater BOLD signal 

changed during Typical Viewing than Atypical Viewing; and 3) an Atypical > Typical contrast 
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examined regions where BOLD signal change was greater for Atypical Viewing than Typical 

Viewing. Contrasts of Typical Viewing minus the Control condition (Typical > Control) and 

Atypical Viewing minus the Control condition (Atypical > Control) were also performed and are 

reported in Appendix C.  

A set of second-level fixed-effects analyses were then performed to average intra-subject 

statistics images from the contrasts above across scanner runs prior to group-level analysis. 

Group-level analyses included participants’ average relative frame displacement value as a 

nuisance covariate (to account for group differences in estimated head motion), and were 

performed using nonparametric permutation tests using FSL’s Randomise (Winkler, Ridgway, 

Webster, Smith, & Nichols, 2014). Nonparametric methods do not require the null distribution 

and Random Field Theory assumptions of conventional parametric methods in neuroimaging, 

and have been shown to provide more accurate control of familywise error than parametric 

methods (Eklund, Nichols, & Knutsson, 2016). Statistic images from subject-level contrasts (i.e., 

Faces > Control, Typical > Atypical, Atypical > Typical) were evaluated for significance at the 

sample level using one-sample nonparametric t-tests, while group comparisons were performed 

using unpaired nonparametric t-tests. Statistics images were masked prior to the analysis using a 

mask image formed by the conjunction of the group-level mask and dilated MNI152 brain 

template, and 5000 permutations were generated per statistical test. Statistical inference was 

conducted using Threshold-Free Cluster Enhancement (TFCE), thresholded at a p < .05, 

familywise error (FWE)-corrected. TFCE provides the sensitivity of traditional cluster-based 

thresholding without the need to specify an arbitrary cluster-forming threshold, while yielding 

statistics at the voxel level (S. M. Smith & Nichols, 2009). 
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In addition, I examined whether the hypothesized modulation of the BOLD response by 

the task viewing condition was influenced by the facial expression category of the stimuli. This 

analysis was motivated by the findings of differences in eye gaze behaviour across different 

emotional expressions (Eisenbarth & Alpers, 2011), and by evidence that activity in face-

processing regions can be modulated by emotion (Vuilleumier & Pourtois, 2007). This analysis 

was achieved by repeating the subject-level analyses using a model that included a parameter for 

each facial expression and viewing condition combination. Each subject’s Typical > Atypical 

contrast images for each of the three facial expression categories (Fearful, Neutral, Sad) were 

averaged across scanner runs in a second-level fixed-effects analysis, and then entered into a 

group-level model, including participant average relative head motion displacement as a 

covariate. Using the Atypical vs. Typical contrast images as the input images, the group-level 

analyses consisted of an F-test for differences across the three facial expression categories (a 

viewing condition by facial expression interaction), and an F-test for the interaction between 

facial expression and group (a viewing condition by facial expression by group interaction). The 

same statistical inference, masking, and thresholding approaches as above were used for these 

analyses.  

2.7.5 fMRI region of interest (ROI) analysis 

An ROI analysis was performed to investigate the study hypotheses within specific 

regions of the core and extended system for face perception (Haxby et al., 2000). ROIs of 

primary interest were the right and left occipital face area (OFA) and the right and left fusiform 

face area (FFA), due to the documented role of these regions in face perception and the findings 

by Morris et al. (2006) of gaze modulation of the BOLD response within ventral face-processing 

regions. In addition, several ROIs of secondary interest were examined, including (distinct ROIs 
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for each hemisphere): posterior superior temporal sulcus (STS) (region of the core system for 

face perception), amygdala (region of the extended system for face perception and previous 

evidence of functional relationship with gaze patterns), and frontal eye field (FEF) and 

intraparietal sulcus (IPS) (involvement in visual attention/oculomotor control and previous 

evidence of functional relationship with gaze patterns). 

 

 

Figure 5. Region of interest (ROI) masks used for the ROI analysis. “Core” face system – 

primary ROIs: occipital face area (OFA), fusiform face area (FFA); “core” face system – 

secondary ROIs: posterior superior temporal sulcus (STS); “extended” face system – secondary 

ROIs: amygdala; visual attention system – secondary ROIs: frontal eye field (FEF), intraparietal 

sulcus (IPS). Images are displayed in neurological convention (i.e., the right hemisphere is on the 

viewer’s right). 

 

2.7.5.1 Definition of ROIs.  

The OFA, FFA, and STS ROIs were obtained from published functional localizer-defined 

masks of category-selective visual cortex from a study of 30 participants, downloaded from 

http://web.mit.edu/bcs/nklab/GSS.shtml. As reported in Julian et al. (2012), these masks were 

defined by significant voxels from a functional localizer task contrast of faces > objects, which 
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were then spatially smoothed, thresholded to only include voxels with at least 10% overlap 

within the participant sample, and then divided into individual ROI masks using a watershed 

image segmentation procedure (Meyer, 1991), resulting in final masks in which a majority of 

their sample participants had voxels within the mask that were significant for the faces > object 

contrast. 

The FEF and IPS ROIs were derived from published probabilistic topographical maps of 

these regions identified by memory-guided saccade mapping in a sample of 53 participants 

(Wang, Mruczek, Arcaro, & Kastner, 2015), downloaded from 

https://scholar.princeton.edu/napl/resources. The FEF ROI for each hemisphere was generated by 

thresholding the full FEF probability maps at 30% and then resampling from Talairach to MNI 

coordinate space. To create the IPS ROIs, the maximum probability maps (comprised of voxels 

with the highest probability of belonging to a region compared to all others) of the 7 

topographically organized areas corresponding to the IPS were combined into a single mask and 

resampled from Talairach to MNI coordinate space. 

Finally, the amygdala ROIs were defined from the Harvard-Oxford cortical probabilistic 

structural atlas, thresholded at 50%. Please see Figure 5 for the anatomical location and Table 1 

for the size of the primary and secondary ROI masks. 
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Table 1. 

Voxel Extent of Primary and Secondary Region of Interest Maps 
 
 
 
 
 
 
 
 
 
 

Note. ROI = region of interest. Values are number of 2 mm isotropic voxels. 
 

2.7.5.2 Statistical analysis and thresholding. 

The primary and secondary ROI analyses were performed at the group level using 

nonparametric permutation tests and TFCE thresholded at FWE-corrected p < .05, similar to the 

whole-brain analyses; however, here each ROI mask served as a separate input mask. The 

resulting statistics values were then evaluated for significance using a Bonferroni-corrected ! 

level to account for the number of primary and secondary ROIs being evaluated. Thus, ! = 

0.0125 (0.05/4 regions) was used for the primary ROI analysis and ! = 0.00625 (0.05/8 regions) 

for the secondary ROI analysis. 

 

Chapter Three: Results 

3.1 Participant Characteristics 

 Participant characteristics are listed in Table 2. Participant characteristics for the sample 

of participants included in the fMRI analyses are presented in Appendix A. There were no 

significant group differences in age (t(54) = –0.38, p = .706), gender (!2(1, N = 56) = 0.00, p = 

.984), handedness (!2(1, N = 56) = 0.52, p = .469), ethnicity (!2(5, N = 56) = 4.62, p = .464), and 

ROI Hemisphere 
Primary Right Left 
     Occipital face area (OFA)  790 211 
     Fusiform face area (FFA) 1019 531 
Secondary   
     Posterior superior temporal sulcus (STS) 2505 844 
     Frontal eye field (FEF) 174 253 
     Intraparietal sulcus (IPS) 441 431 
     Amygdala 280 240 
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maternal (t(41) = –0.85, p = .400) and paternal (t(41) = –1.72, p = .092) education. Controls had 

higher years of completed education than patients (t(54) = 3.55, p = .001), as well as greater Full 

Scale IQ (t(54) = 4.91, p < .001), Matrix Reasoning (t(54) = 3.54, p = .001), and Vocabulary 

(t(54) = 4.06, p < .001) scores. As expected, controls also had greater social and occupational 

functioning scores than patients (t(30.50) = 11.24, p < .001). The patient group had a greater 

percentage of lifetime diagnosis of depressive or substance use disorders than the control group 

(!2(1, N = 56) = 14.05, p < .001). 
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Table 2. 

Participant Characteristics 

 Schizophrenia Patients Controls 
N 25 31 
Age 41.36 (12.79) 40.13 (11.46) 
Gender (Male/Female) 17/8 21/10 
Handedness (Right/Left) 22/3 29/2 
Ethnicity/Race (%)   
     White 76 67.74 
     Asian 16 16.13 
     Hispanic 0 9.68 
     First Nations/Metis 4 3.23 
     African 0 3.23 
Education (years)  12.96 (3.39)* 15.58 (2.09) 
Mother’s Education (years) 13.67 (2.25) 13.04 (2.47) 
Father’s Education (years) 15.22 (2.58) 13.44 (3.80) 
Diagnosis (schizophrenia/schizoaffective disorder) 15/10 – 
Years since diagnosis 14.17 (11.20) – 
Positive and Negative Syndrome Scale (PANSS) Total 54.24 (11.14) – 

     PANSS Negative 14.44 (5.49) – 

     PANSS Positive 13.44 (3.25) – 

     PANSS General 25.96 (5.55) – 

Social Functioning Scale Mean of Scaled Scores 113.70 (9.99) – 
Social and Occupational Functioning Assessment Scale (SOFAS) 58.92 (11.83)** 87.26 (4.85) 
Full Scale IQ 97.20 (8.31)** 110.148 (11.29) 
     Matrix Reasoning Scaled Score 10.00 (2.16)* 11.94 (1.93) 
     Vocabulary Scaled Score 9.20 (1.80)** 11.97 (2.99) 

Lifetime diagnosis of depressive or substance use disorders (%) 56.00** 9.68 

Note. Means and standard deviations (in parentheses) presented where appropriate. *p < .01. **p < .001 
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3.2 Free Viewing Facial Emotion Discrimination Task 

3.2.1 Accuracy data 

 Accuracy results are presented in Figure 6. A mixed-design group ! target emotion 

condition ANOVA indicated a main effect of group (F(1,52) = 4.72, p = .034, "p
2 = 0.08), while 

the main effect of condition (F(2,104) = 0.55, p = .580, "p
2 = 0.01) and group by condition 

interaction (F(2,104) = 0.62, p = .540, "p
2 = 0.01) were not significant. Patients (M = 83.28%, SD 

= 9.52) were significantly less accurate at emotion discrimination than controls (M = 87.59%, SD 

= 7.04). 

A mixed-design group ! stimulus expression condition ANOVA indicated a similar main 

effect of group as above (F(1,54) = 5.17, p = .027, "p
2 = 0.09), as well as a main effect of 

stimulus expression condition (F(3,162) = 16.42, p < .001, "p
2 = 0.23), such that sad expressions 

(M = 79.30%, SD = 13.15) were significantly more difficult to accurately evaluate than all other 

expressions (Anger: M = 88.73%, SD = 12.65; Fear: M = 85.36%, SD = 10.91; Neutral: M = 

87.53%, SD = 13.11; all p’s < .015). The group by condition interaction was not significant 

(F(3,162) = 0.57, p = .635, "p
2 = 0.01).  
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Figure 6. Accuracy scores for the Free Viewing Facial Emotion Discrimination Task according 

to target emotion and group (top chart) and stimulus expression and group (bottom chart).  
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CTL = community controls. SCZ = schizophrenia patients. On average, controls had greater 

discrimination accuracy than patients. Sad faces were also more difficult to accurately evaluate 

than the four other stimulus expressions.  

 

3.2.2 Eye movement data 

3.2.2.1 % fixation to salient features. 

 A mixed-design group ! target emotion condition ANOVA for the percentage of 

fixations to salient facial features (composite of all IAs) indicated a significant main effect of 

group (F(1,51) = 6.55, p = .014, "p
2 = 0.11) and a significant main effect of target emotion 

condition (F(2,102) = 10.53, p < .001, "p
2 = 0.17), while the group by condition interaction was 

not significant (F(2,102) = 0.72, p = .490, "p
2 = 0.01) (Figure 7, A). Compared to controls (M = 

84.16%, SD = 4.43), patients (M = 81.03%, SD = 5.19) on average made a smaller percentage of 

fixations to salient features. Additionally, all participants on average had a smaller percentage of 

fixations to salient features when evaluating whether or not faces were angry (M = 80.70%, SD = 

6.49) compared to the other two target emotions (Fear: M = 83.48%, SD = 5.33, p < .001; 

Sadness: M = 83.59%, SD = 5.71, p = .001). 

 A mixed-design group ! stimulus expression condition ANOVA indicated a similar main 

effect of group as above (F(1,51) = 6.27, p = .015, "p
2 = 0.11), and a main effect of stimulus 

expression condition (F(3,153) = 37.47, p < .001, "p
2 = 0.42), while the group by stimulus 

expression interaction was not significant (F(3,153) = 2.23, p = .087, "p
2 = 0.04) (Figure 7, B). 

Participants had a greater percentage of fixations to salient features when viewing fearful faces 

(M = 85.47%, SD = 5.42) compared to all other expressions (Anger: M = 79.30%, SD = 6.24, p < 

.001; Neutral: M = 82.30%, SD = 5.43, p < .001; Sadness: M = 83.59%, SD = 6.15, p = .033). 
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Additionally, participants made a smaller percentage of fixations to salient features when 

viewing angry faces compared to all other stimulus expressions (all p’s < .001). 

 

Figure 7. Free Viewing Facial Emotion Discrimination Task gaze results for the salient features 

interest area. A: Percentage of fixations to salient features according to target emotion and group. 

B: Percentage of fixations to salient features according to stimulus expression and group. C: 

Percentage of dwell time to salient features according to target emotion and group. D: Percentage 

of dwell time to salient features according to stimulus expression and group. CTL = community 

controls. SCZ = schizophrenia patients. 
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3.2.2.2 % dwell time to salient features. 

 A mixed-design group ! target emotion condition ANOVA for the percentage of dwell 

time to salient features indicated a main effect of target emotion (F(1.77,90.37) = 6.84, p = .003, 

"p
2 = 0.12), while the main effect of group just exceeded the threshold for statistical significance 

(F(1,51) = 3.83, p = .056, "p
2 = 0.07). The group by target emotion condition interaction was not 

significant (F(1.77,90.37) = 0.93, p = .388, "p
2 = 0.02) (Figure 7, C). Participants’ percentage of 

dwell time to salient features was smaller when evaluating whether or not faces were angry (M = 

82.71%, SD = 6.93) compared to the other two target emotions (Fear: M = 85.43%, SD = 5.77, p 

< .001; Sadness: M = 85.42%, SD = 7.01, p = .015). Controls (M = 85.84%, SD = 5.61) on 

average had greater % dwell time to salient features than patients (M = 82.95%, SD = 6.85); 

however, the main effect of group failed to reach statistical significance. 

 A mixed-design group ! stimulus expression condition ANOVA indicated a significant 

main effect of stimulus expression condition (F(3,153) = 33.04, p < .001, "p
2 = 0.39), while the 

main effect of group (F(1,51) = 3.56, p = .065, "p
2 = 0.07) and the group by stimulus expression 

interaction (F(3,153) = 1.65, p = .179, "p
2 = 0.03) were not significant (Figure 7, D). Participants 

had smaller % dwell time to salient features when viewing angry faces (M = 81.29%, SD = 6.92) 

compared to all other stimulus expressions (Fear: M = 87.21%, SD = 6.08; Neutral: M = 84.24%, 

SD = 5.85; Sad: M = 85.60%, SD = 6.43; all p’s < .001). Participants also had greater % dwell 

time to salient features when viewing fearful expressions relative to neutral expressions (p < 

.001).  

3.2.2.3 Results for individual IAs. 

The above analyses were repeated separately for each IA to explore whether a particular 

IA was driving group differences. Within-subject comparisons across individual IAs were not 
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possible due to the non-independence of these data. Statistical values are reported in Table 3 and 

means and standard deviations are presented in Table 4. 
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Table 3. 

Statistical Results for the Free Viewing Facial Emotion Discrimination Task According to Interest Area 

Note. Statistically significant p-values are in bold font. 

Variable Group Effect F 
(df) 

p !p
2 Condition Effect F 

(df) 
p !p

2 Interaction Effect F 
(df) 

p !p
2 

Eyes          
% Fixations          
     Target Emotion 1.74 (1,51) .193 0.03 5.67 (2,102) .005 0.10 2.94 (2,102) .058 0.05 
     Stimulus Expression 1.63 (1,51) .208 0.03 34.84 (3,153) < .001 0.41 2.06 (3,153) .108 0.04 
% Dwell Time          
     Target Emotion 1.65 (1,51) .205 0.03 5.03 (2,102) .008 0.09 2.93 (2,102) .059 0.05 
     Stimulus Expression 1.55 (1,51) .218 0.03 25.88 (3,153) < .001 0.34 1.38 (3,153) .251 0.03 
Nose          
% Fixations          
     Target Emotion 0.91 (1,51) .344 0.02 2.63 (2,102) .077 0.05 2.27 (2,102) .109 0.04 
     Stimulus Expression 0.87 (1,51) .357 0.02 9.38 (3,153) < .001 0.16 1.01 (3,153) .391 0.02 
% Dwell Time          
     Target Emotion 1.08 (1,51) .304 0.02 3.46 (2,102) .035 0.06 2.91 (2,102) .059 0.05 
     Stimulus Expression 1.02 (1,51) .318 0.02 6.83 (3,153) < .001 0.12 0.89 (3,153) .447 0.02 
Mouth          
% Fixations          
     Target Emotion 0.00 (1,51) .981 0.00 2.38 (2,102) .098 0.05 1.07 (2,102) .346 0.02 
     Stimulus Expression 0.00 (1,51) .999 0.00 40.48 (2.57,131.17) < .001 0.44 0.37 (2.57,131.17) .741 0.01 
% Dwell Time          
     Target Emotion 0.00 (1,51) .958 0.00 4.37 (2,102) .015 0.08 0.81 (2,102) .449 0.02 
     Stimulus Expression 0.00 (1,51) .953 0.00 27.23 (2.58,131.34) < .001 0.35 0.28 (2.58,131.34) .810 0.01 
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Table 4. 

Means and Standard Deviations of % Fixations and % Dwell Time to Each Interest Area for the 

Free Viewing Facial Emotion Discrimination Task 

 Controls  Patients 
Condition % Fixations % Dwell Time  % Fixations % Dwell Time 
  
 Eyes 
  
Target Emotion      
     Anger 50.82% (20.44) 52.81% (22.05)  39.70% (21.55) 40.80% (23.51) 
     Fear 51.91% (21.32) 53.84% (22.84)  46.04% (21.74) 47.99% (24.46) 
     Sadness 51.91% (20.47) 53.68% (22.09)  46.64% (20.99) 47.89% (23.36) 
Stimulus Expression      
     Anger 46.89% (20.85) 49.13% (22.55)  39.27% (18.86) 41.08% (21.25) 
     Fear 53.04% (19.40) 54.90% (21.00)  45.69% (21.58) 47.36% (23.69) 
     Neutral 52.43% (20.90) 54.21% (22.46)  43.68% (20.59) 45.05% (22.72) 
     Sadness 53.08% (20.46) 54.89% (22.03)  48.14% (21.91) 49.12% (24.05) 
      
 Nose 
      
Target Emotion      
     Anger 18.66% (17.08) 17.81% (18.89)  25.00% (14.78) 25.62% (16.66) 
     Fear 19.60% (15.94) 18.75% (17.49)  22.95% (16.13) 22.67% (18.82) 
     Sadness 18.52% (15.39) 17.5% (17.01)  20.68% (12.69) 20.1% (13.52) 
Stimulus Expression      
     Anger 19.88% (16.81) 19.13% (18.69)  22.93% (11.79) 22.52% (13.08) 
     Fear 17.08% (13.98) 15.86% (15.86)  20.80% (13.77) 20.61% (16.32) 
     Neutral 19.57% (16.85) 18.67% (18.49)  24.66% (15.79) 24.55% (17.65) 
     Sadness 18.47% (15.16) 17.76% (14.64)  21.70% (13.36) 21.93% (14.64) 
      
 Mouth 
      
Target Emotion      
     Anger 12.86% (9.44) 13.49% (10.78)  13.88% (13.20) 14.47% (14.78) 
     Fear 13.02% (9.42) 13.55% (10.19)  13.12% (10.82) 13.84% (12.03) 
     Sadness 14.90% (10.63) 15.94% (12.27)  13.99% (12.60) 15.20% (14.35) 
Stimulus Expression      
     Anger 14.73% (9.58) 14.91% (10.67)  14.24% (12.45) 15.24% (14.20) 
     Fear 16.72% (10.74) 17.34% (12.04)  17.20% (11.89) 18.08% (13.42) 
     Neutral 11.80% (9.47) 12.78% (10.95)  12.00% (12.34) 12.78% (13.86) 
     Sadness 12.87% (8.91) 13.77% (10.12)  12.67% (11.87) 13.49% (13.73) 
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Mixed-design ANOVAs of group ! target emotion and group ! stimulus expression for 

% fixations and % dwell time variables did not indicate any significant main effects of group or 

group by target emotion/stimulus expression interactions for any IA. However, there were 

significant main effects of target emotion and stimulus expression for each IA (described below). 

3.2.2.3.1 Eyes. 

For % fixations, participants made a significantly smaller percentage of fixations to the 

eyes when evaluating whether or not faces were angry compared to the other two target emotions 

(Fear: p = .030; Sadness: p = .008). Participants also made smaller % fixations to the eyes when 

viewing angry faces compared to all other expressions (all p’s < .001). Additionally, participants 

had greater % fixations to eyes when viewing sad relative to neutral faces (p = .015). Similar to 

the above, participants had lower % dwell time to the eyes when the target emotion was anger 

compared to fear (p = .033) or sadness (p = .021). Percentage dwell time to the eyes was also 

smaller when viewing angry expressions compared to all other expressions (all p’s < .001). 

3.2.2.3.2 Nose.  

Participants made smaller % fixations to the nose when viewing fearful expressions 

compared to angry (p = .007) and neutral (p = .001) expressions, as well as greater % fixations to 

the nose for neutral than sad expressions (p = .005). For % dwell time, participants’ percentage 

dwell time to the nose was greater when the target emotion was anger relative to sadness (p = 

.024), and smaller when viewing fearful compared to angry (p = .028) and neutral faces (p < 

.001). 

3.2.2.3.3 Mouth. 

 Participants made greater % fixations to the mouth when viewing fearful expressions 

compared to all other expressions (all p’s < .001), as well as greater % fixations to the mouth for 
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angry relative to neutral (p < .001) and sad expressions (p = .002). Similarly, participants’ % 

dwell time to the mouth was greater when viewing fearful expressions compared to all other 

expressions (all p’s < .001), and greater when viewing angry compared to neutral expressions (p 

< .001). In contrast, % dwell time to the mouth was lower when the target emotion was fear 

compared to sadness (p = .010). 

3.3 Directed Viewing Facial Emotion Perception Task (Practice Version) 

3.3.1 Accuracy data 

 Overall, both groups had near-perfect responses on the attentional control aspect of the 

task; however, accuracy was significantly higher for the control group (M = 98.72, SD = 1.64) 

than the patient group (M = 97.38, SD = 2.66), (t(35.71) = 2.08, p = .044). 

3.3.2 Eye movement data 

Both groups were able to make gaze fixations to the cues with a high degree of accuracy 

across viewing conditions (Table 5). A mixed-design ANOVA of group ! viewing condition for 

% Coincidence Count revealed a significant main effect of viewing condition (F(2,90) = 4.83, p 

= .010, "p
2 = 0.10), with pairwise comparisons indicating that % Coincidence Count was 

significantly higher for the Typical Viewing condition (M = 97.35, SD = 3.34) than Atypical 

Viewing (M = 95.78, SD = 4.65) (p = .009). The main effect of group (F(1,45) = 0.29, p = .866, 

"p
2 = 0.00) and group by viewing condition interaction (F(2,90) = 0.48, p = .558, "p

2 = 0.01) 

were not significant. 

Participants were able to successfully maintain their gaze to the location of the cues while 

the cues were present; however, as expected, these scores were lower than for % Coincidence 

Count due to the time required to make saccades from one cue location to the next (Table 5). A 

mixed-design ANOVA of group ! viewing condition for % Coincidence Duration revealed a 
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significant main effect of viewing condition (F(2,90) = 17.16, p < .001, !p
2 = 0.28), while the 

main effect of group (F(1,45) = 0.75, p = .391, !p
2 = 0.02) and group by viewing condition 

interaction (F(2,90) = 1.23, p = .298, !p
2 = 0.03) were not significant. Participants had greater % 

Coincidence Duration for Typical Viewing (M = 71.93, SD = 6.35) than Atypical Viewing (M = 

68.66, SD = 7.58) and Control (M = 69.61, SD = 7.66) conditions (Typical > Atypical: p < .001; 

Typical > Control: p = .002). 

The mixed-design ANOVA of group " viewing condition for the count of fixations 

indicated a significant main effect of viewing condition (F(2,90) = 13.08, p < .001, !p
2 = 0.23) 

and significant main effect of group (F(1,45) = 4.92, p = .032, !p
2 = 0.10), while the interaction 

between viewing condition and group (F(2,90) = 0.96, p = .386, !p
2 = 0.02) was not significant. 

Across the entire sample, participants on average made significantly fewer fixations during the 

Typical condition (M = 24.42, SD = 3.14) compared to the Atypical (M = 24.98, SD = 2.97) and 

Control conditions (M = 25.24, SD = 2.91). Additionally, the control group (M = 23.91, SD = 

3.28) made significantly fewer fixations than the schizophrenia group (M = 25.84, SD = 2.74).
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Table 5. 

Eye Gaze Results for the Directed Viewing Facial Emotion Perception Task (Practice Version) 

Note. Standard deviations are in parentheses. 

 Typical  Atypical  Control 
 Controls  Patients  Controls  Patients  Controls  Patients 
% Coincidence 
Count 

97.14% (4.14)  97.59% (3.34)  95.91% (5.06)  95.63% (4.25)  96.29% (4.66)  95.53% (6.00) 

% Coincidence 
Duration 

72.26% (7.19)  71.56% (5.39)  69.66% (8.33)  67.53% (6.65)  70.73% (7.91)  68.34% (7.34) 

Fixation Count 23.43 (3.343)  25.40 (2.93)  23.92 (3.31)  26.04 (2.63)  24.40 (3.18)  26.08 (2.65) 
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3.4 Directed Viewing Facial Emotion Perception Task (fMRI Version) Accuracy Data 

Overall, both groups had near perfect responses on the attentional control aspect of the 

task; however, accuracy was higher for control group (M = 98.57, SD = 2.24) than the patient 

group (M = 96.66, SD = 3.13), (t(39.36) = 2.44, p = .019). 

3.5 Whole-Brain fMRI Analysis Results 

Whole-brain fMRI analysis results for each contrast described below are reported in 

Table 6 and Figures 8–9. Results for individual groups and for the Typical > Control and 

Atypical > Control contrasts are presented in Appendix B to facilitate the readability of the 

primary study results. 

3.5.1 Faces > Control 

 The average of the two face viewing conditions (Typical and Atypical) were contrasted 

with the visual control condition in order to characterize the overall pattern of BOLD signal 

change elicited by the directed viewing facial emotion perception task. Averaging across the full 

participant sample, the directed viewing of facial expressions elicited a distributed pattern of 

BOLD signal change in bilateral visual cortex: calcarine cortex, occipital pole, and lingual gyrus; 

regions of the core system for face perception: bilateral inferior lateral occipital cortex (OFA), 

bilateral occipital and temporal fusiform gyrus (FFA), right posterior superior temporal sulcus 

(STS); adjacent regions in parietal and temporal cortex: bilateral posterior middle temporal 

gyrus, bilateral angular gyrus, right supramarginal gyrus, and right cuneus; and regions of the 

extended system for face perception: right amygdala and right anterior temporal fusiform 

cortex/temporal pole (Figure 8). No group differences emerged for this contrast (controls > 

patients: all ps > .892, FWE-corrected; patients > controls: all ps > .119, FWE-corrected). 
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Table 6. 

Whole-Brain Analysis Results Averaged Across the Full Participant Sample 

   Peak 
Coordinates 

Contrast and Regions Within Each Cluster Voxels tMax x y z 
      
Faces > Control      
R/L inferior lateral occipital cortex (OFA), occipital and temporal fusiform gyrus (FFA), 
occipital pole, calcarine cortex, lingual gyrus, temporo-occipital part of the middle temporal 
gyrus, angular gyrus; R STS, supramarginal gyrus, cuneus 

18357 14.8 38 -80 -8 

R anterior temporal fusiform cortex 83 6.29 34 2 -40 
R amygdala 73 5.63 26 -4 -22 
R temporal pole 4 5.09 34 12 -22 
      
Typical > Atypical      
R occipital pole, inferior lateral occipital cortex (including OFA) 1905 16.9 30 -90 -10 
L occipital pole, inferior lateral occipital cortex 1598 13.6 -24 -94 -10 
      
Atypical > Typical      
R/L lingual gyrus, calcarine cortex, occipital pole, cuneus, precuneus, marginal sulcus, 
superior lateral occipital cortex (including IPS), superior parietal lobule; R supramarginal 
gyrus, inferior lateral occipital cortex 

28660 12.2 -8 -78 -6 

R superior frontal and precentral sulcus (FEF) 648 6.98 28 -4 56 
L cerebellum (VIIIb/IX) 23 6.46 -16 -52 -48 
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Note. Voxels = number of significant voxels within a given cluster. tMax = nonparametric t-statistic value of the maximum 

voxel within the cluster. CTL = community controls; SCZ = schizophrenia patients. R = right; L = left. OFA = occipital face 

area; FFA = fusiform face area; STS = posterior superior temporal sulcus; FEF = frontal eye field; IPS = intraparietal sulcus. 

Coordinates are in MNI space. 
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Figure 8. Whole-brain map of BOLD signal change for the Faces > Control contrast averaged 

across the full sample of participants. Results are thresholded at a TFCE t-score equivalent to p < 

.05, FWE-corrected. Significant BOLD signal change spanned primary visual cortex, and regions 

of the core (OFA, FFA, STS) and extended (amygdala, temporal pole) system for face 

perception. Images are displayed in neurological convention (i.e., the right hemisphere is on the 

viewer’s right).  

 

3.5.2 Typical  > Atypical 

 A contrast of the typical viewing minus atypical viewing conditions was performed to 

examine regions with greater BOLD response when viewing primarily salient vs. non-salient 

x = 38 y = !4 z = !15 

p < .05 

.0002 
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features. Across the entire sample, there was significant BOLD signal change in left and right 

hemisphere clusters including the occipital pole and inferior lateral occipital cortex, which 

extended to the right OFA (Figure 9). There were no significant group differences for this 

contrast (controls > patients: all ps > .312, FWE-corrected; patients > controls: all ps > .557, 

FWE-corrected). A conjunction overlay showing the shared and unique voxels of significant 

BOLD signal change in the control and patient groups for this contrast is presented in Figure 10. 

3.5.3 Atypical > Typical 

 The typical viewing condition was subtracted from the atypical viewing condition to 

examine regions with a greater response during visual scanpaths emphasizing non-salient over 

salient facial features. Across the full sample, this contrast revealed a significant bilateral cluster 

spanning lingual gyrus, calcarine cortex, occipital pole, cuneus, precuneus (extending into the 

marginal sulcus), superior lateral occipital cortex (including IPS), and superior parietal lobule, as 

well as right supramarginal gyrus and inferior lateral occipital cortex. There was an additional 

cluster in the right superior frontal and precentral sulci in the region of the FEF, and a cluster in 

the left cerebellum (Figure 9). There were no significant group differences for this contrast 

(controls > patients: all ps > .567, FWE-corrected; patients > controls: all ps > .312, FWE-

corrected). A conjunction overlay showing the shared and unique voxels of significant BOLD 

signal change in the control and patient groups for this contrast is presented in Figure 11. 
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Figure 9. Whole-brain maps of the sample-level BOLD signal change results for the Typical > 

Atypical (red-yellow) and Atypical > Typical (blue-green) contrasts. Results are thresholded at a 

TFCE t-score equivalent to p < .05, FWE-corrected. The Typical > Atypical map included 

bilateral occipital pole and inferior occipital cortex (including OFA in the right hemisphere). The 

Atypical > Typical map included occipital visual cortex, parietal cortex (including bilateral IPS), 

and right FEF. Images are displayed in neurological convention (i.e., the right hemisphere is on 

the viewer’s right).

p < .05 

.0002 
x = !8 

y = !47 

z = 48 

x = 29 

y = !90 

z = !12 
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Figure 10. Conjunction overlay for the Typical > Atypical contrast. Voxels of unique BOLD signal change are presented in cyan for 

the control group (CTL) and violet for the schizophrenia patient group (SCZ), while voxels common to both groups (i.e., a conjunction 

test; CONJ) are presented in yellow. Images are displayed in neurological convention (i.e., the right hemisphere is on the viewer’s 

right). 
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Figure 11. Conjunction overlay for the Atypical > Typical contrast. Voxels of unique BOLD signal change are presented in cyan for 

the control group (CTL) and violet for the schizophrenia patient group (SCZ), while voxels common to both groups (i.e., a conjunction 

test; CONJ) are presented in yellow. Images are displayed in neurological convention (i.e., the right hemisphere is on the viewerÕs 

right). 
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 3.5.4 F-tests for interactions with facial expression categories 

 Neither of the two F-tests examining whether the Typical vs. Atypical viewing results 

varied across the three facial expression categories (viewing condition !  facial expression 

interaction; viewing condition !  facial expression !  group interaction) returned any significant 

voxels (all ps > .303), indicating that the modulation of BOLD signal change by viewing 

condition was similar across presentations of fearful, neutral, and sad faces.  

3.6 ROI Analysis Results 

 ROI analyses were performed to examine task-related modulation of the BOLD signal 

within specific regions of interest. The number and percentage of significant voxels in each ROI 

mask, and the peak nonparametric t-statistic values for significant ROIs are reported in Table 7. 

ROI analysis results for the Typical > Control and Atypical > Control contrasts are presented in 

Appendix C. 

3.6.1 Faces > Control 

Averaging across the entire sample, the ROI analysis for the contrast of face viewing 

relative to the control condition yielded results that were consistent with the whole-brain 

analysis, including significant voxels in bilateral OFA and FFA (core system for face perception 

Ð primary ROIs), right STS (core system Ð secondary ROI), and right amygdala (extended 

system Ð secondary ROI), with the additional finding of significant voxels in left amygdala. The 

results within each group were consistent with these findings; however, neither group had 

significant voxels in the STS and only patients had significant voxels in the amygdala. There 

were no group differences in any ROI for this contrast.  
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3.6.2 Typical > Atypical 

 For the contrast of typical viewing greater than atypical viewing, the ROI analysis across 

the entire sample returned significant voxels in right OFA, similar to the whole-brain results, and 

a small number of voxels in left OFA. Within each group, patients and controls had significant 

voxels within right OFA, and there were no group differences for this contrast. 

3.6.3 Atypical > Typical  

 Across the entire sample, the atypical viewing vs. typical viewing ROI analysis results 

were similar to the whole-brain analysis, including significant voxels in bilateral IPS (visual 

attention system Ð secondary ROI) and right FEF (visual attention system Ð secondary ROI), 

with the addition of significant voxels in left FEF. Within-groups, patients had significant voxels 

in bilateral IPS and right FEF, while controls had significant voxels in right IPS, with the 

addition of a minimal number of significant voxels in left IPS and right FEF. There were no 

group differences for this contrast. 

3.6.4 F-tests for interactions with facial expression categories 

 Similar to the whole-brain analysis results, the F-tests for interactions between viewing 

condition and facial expression categories did not indicate any significant findings within any 

ROIs. 
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Table 7. 

Region of Interest Analysis Results 

Note. ROI = region of interest. Voxels = number of significant voxels within a given cluster. % = 

percentage of suprathresholded voxels within ROI mask. tMax = nonparametric t-statistic value of 

the maximum significant voxel within the cluster. CTL = control group; SCZ = schizophrenia 

group. r = right; l = left; OFA = occipital face area; FFA = fusiform face area; STS = posterior 

superior temporal sulcus; FEF = frontal eye field; IPS = intraparietal sulcus. Colour coding: 

ÒcoreÓ face system Ð primary ROIs; ÒcoreÓ face system Ð secondary ROIs; ÒextendedÓ face 

system; visual attention system. Primary ROIs (left and right OFA and FFA) were evaluated for 

 Faces > Control 
 Full Sample  CTL  SCZ 

ROI Voxels % tMax  Voxels % tMax  Voxels % tMax 
rOFA 692 87.59% 14.8  534 67.59% 10.1  615 77.85% 10.1 
lOFA 211 100.00% 11  153 72.51% 8.32  183 86.73% 8.14 
rFFA 794 77.92% 14.3  504 49.46% 10.4  456 44.75% 9.05 
lFFA 464 87.38% 12.5  290 54.61% 10.2  340 64.03% 7.39 
rSTS 525 20.96% 6.07         
rAmygdala 223 79.64% 5.63      77 27.50% 5.97 
lAmygdala 183 76.25% 5.63         

 Typical > Atypical 
 Full Sample  CTL  SCZ 

ROI Voxels % tMax  Voxels % tMax  Voxels % tMax 
rOFA 164 20.76% 10.4  48 6.08% 6.99  68 8.61% 8.33 
lOFA 15 7.11% 4.5         

 Atypical > Typical 
 Full Sample  CTL  SCZ 

ROI Voxels % tMax  Voxels % tMax  Voxels % tMax 
rFEF 162 93.10% 6.84  4 2.30% 4.56  76 43.68% 5.67 
lFEF 59 23.32% 4.2         
rIPS 306 

129 
98.64% 

 
9.27 
8.98 

 100 22.68% 
 

7.19  235 
49 

64.40% 
 

6 
8.22 

lIPS 258 
1 
1 

60.32% 
 

7.99 
4.93 
5.3 

 1 0.23% 
 

5.3  122 28.31% 
 

5.68 
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significance at p < .0125, FWE-corrected. Secondary ROIs (left and right STS, Amygdala, FEF, 

and IPS) were evaluated for significance at p < .00625, FWE-corrected. 

 

Chapter Four: Discussion 

The purpose of the present study was to examine whether manipulating visual scanpaths 

during facial emotion perception would modulate BOLD signal change in a sample of 

schizophrenia patients and community controls. While research into the origins of facial emotion 

recognition deficits in schizophrenia has identified abnormalities in visual gaze behaviour and 

functional brain activation in patients during facial emotion perception, these two aspects of 

facial emotion processing have previously been studied in isolation and their relationship was 

unexplored. However, several studies with healthy individuals and other clinical populations 

suggest a relationship between gaze behaviour and functional activation changes in regions 

implicated in facial emotion processing deficits in schizophrenia (e.g., fusiform gyrus). These 

findings raise the important question of whether gaze behaviour abnormalities in schizophrenia 

might be contributing to the reported functional activation abnormalities in this population 

during facial emotion perception. To begin to address this question, I pursued a conceptual 

replication and extension of the study by Morris and colleagues (2006), which examined BOLD 

signal changes associated with the experimental manipulation of visual scanpaths during face 

perception in healthy controls. Specifically, the present study extended this investigation to facial 

emotion perception in a sample of community controls and schizophrenia patients, in order to 

examine the generalizability of the findings to a clinical population and the relevance to 

understanding the nature of facial emotion processing deficits in schizophrenia.  
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The results of the present study generally corroborated previous findings of facial 

emotion recognition deficits and visual gaze abnormalities during facial emotion perception in 

schizophrenia. The visual scanpath manipulation led to BOLD signal changes in several regions 

of visual cortex and the visual attention system; however, the results were not fully  consistent 

with the findings of Morris et al. (2006). In contrast to previous fMRI studies of facial emotion 

processing in schizophrenia, no group differences in BOLD signal change were observed during 

either condition of the Directed Viewing task. These findings, their relationship to previous 

research, and their implications, are discussed below. 

4.1 Accuracy and Gaze Behaviour During Facial Emotion Discrimination 

 The schizophrenia patients in this sample had lower facial emotion discrimination 

accuracy than controls, consistent with the large literature documenting facial emotion 

recognition deficits in schizophrenia (see the meta-analysis by C. G. Kohler et al., 2010). The 

group difference in the present sample was not influenced by the specific target emotion 

condition or the stimulus expression category, contrary to some previous findings suggesting that 

several negative emotions (particularly fear) are especially difficult for schizophrenia patients to 

recognize (Edwards, Jackson, & Pattison, 2002; C. G. Kohler et al., 2003). However, there is 

debate as to whether findings of larger deficits for certain negative emotions in schizophrenia are 

driven by task difficulty; i.e., the fact that fear is the most difficult emotion to recognize, even for 

healthy controls (Edwards et al., 2002). Of note, fearful faces were not more difficult to 

recognize than the other emotional expressions in the current task.  

For the eye gaze variables during the Free Viewing Facial Emotion Discrimination Task, 

patients made a significantly smaller percentage of fixations to salient facial features than 

controls. This finding is consistent with prior literature indicating that even when accounting for 
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the reduced overall number of fixations made by patients, patients make disproportionately fewer 

fixations to emotionally informative features of the face (Drusch et al., 2014; Loughland et al., 

2004; Loughland, Williams, & Gordon, 2002a; 2002b; L. M. Williams et al., 1999). However, 

although the group difference in the dwell time percentage to salient features was in the same 

direction as above, this difference was not statistically significant, contrary to the findings of 

several previous studies (Gordon et al., 1992; Loughland et al., 2004; Loughland, Williams, & 

Gordon, 2002a; 2002b; L. M. Williams et al., 1999). In addition, despite the group difference in 

percentage of fixations to salient features, patients nonetheless made the majority (above 80%) of 

their fixations to salient features. Therefore, although schizophrenia patients demonstrate some 

abnormalities in gaze behaviour when viewing faces, characterizing the visual scanpaths of 

patients as ÒrestrictedÓ with a notable ÒavoidanceÓ of salient facial features Ð as commonly 

described in the literature Ð may exaggerate the differences and overlook the similarities in gaze 

behaviour between these two groups. 

No group differences emerged when gaze variables were examined separately within 

each IA (eyes, nose, and mouth). To my knowledge, only three studies of visual scanpaths during 

face perception in schizophrenia have examined gaze to individual face features. Delerue and 

colleagues (2010) found that compared to controls, patients had a reduced number of fixations to 

the eyes and mouth, and a greater number of fixations to the nose; however, these group 

differences were only present during passive face viewing and not when participants were asked 

to evaluate faces on attributes such as emotion or age. Simpson and colleagues (2013) reported 

that patients had smaller dwell time percentages during facial emotion recognition compared to 

controls for the mouth but not eyes; however, dwell time to the nose was not examined. In 

another facial emotion recognition study, Drusch et al. (2014) reported a greater number of 
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fixations to non-salient feature space for patients compared to controls, and a statistical trend for 

fewer fixations to the eyes, but not for the nose or mouth. Thus, evidence for gaze abnormalities 

predominantly to a given salient feature (e.g., the eyes) during facial emotion perception remains 

equivocal and limited by the small number of published studies reporting on these data. Future 

eye tracking studies of face perception in schizophrenia should include data for separate IAs, 

particularly the eyes, given the importance of individual features for facial emotion recognition 

(Eisenbarth & Alpers, 2011; M. L. Smith et al., 2005), and the neurophysiological evidence of 

eye- (Nemrodov et al., 2014) and feature-sensitive (J. Liu, Harris, & Kanwisher, 2009) 

processing in the brain during face perception. 

4.2 BOLD Signal Change Associated with the Manipulation of Visual Scanpaths 

 The purpose of the Directed Viewing fMRI task was to examine whether manipulating 

visual scanpaths during facial emotion perception led to corresponding BOLD signal changes in 

regions involved in face processing and visual attention. Despite the unique elements of this 

facial emotion perception task, which featured the presence of a moving visual cue that directed 

participant gaze to various face locations, the faces in this task nonetheless elicited the 

characteristic response within key regions of the face processing network (Haxby et al., 2000). 

These included regions of the ÒcoreÓ network involved in face perception (OFA, FFA, STS), as 

well as regions of the ÒextendedÓ network supporting further face processing, such as social-

emotional processing (right amygdala and anterior temporal lobe). These findings indicate that 

the Directed Viewing task was a suitable probe of the brainÕs response to the perception of 

emotional faces. 

  Collapsing across the participant groups, the visual scanpath manipulation significantly 

modulated BOLD signal change during facial emotion perception; however, the pattern of results 
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was not fully supportive of the study hypotheses or consistent with previous research findings. 

Compared to the Atypical Viewing condition (where visual attention was directed primarily to 

non-salient facial features), the Typical Viewing condition (in which attention was directed 

primarily to the eyes and mouth) elicited greater BOLD signal change in clusters spanning the 

occipital pole and inferior lateral occipital cortex bilaterally. In the right hemisphere, the cluster 

extended to the OFA (and was confirmed by the ROI analysis), in support of my hypothesis 

predicting greater BOLD signal change during typical than atypical viewing in ventral temporo-

occipital regions of the core system for face perception. However, the left hemisphere cluster did 

not extend to the OFA in the whole-brain analysis, and only 7% of voxels in the left OFA mask 

were significant in the ROI analysis, suggesting the lack of a robust effect of the viewing 

manipulation in left OFA. The right hemisphere specificity of this finding may reflect the 

established right-hemisphere dominance of the face-processing network, as suggested by the 

stronger magnitude, larger spatial extent, and higher inter-individual consistency of face-

selective responses in the right compared to left hemisphere (Zhen et al., 2015), and the greater 

prevalence of acquired prosopagnosia caused by unilateral lesions to the right than left 

hemisphere (Rossion, 2014a). In the present study, the Faces > Control contrast also exhibited 

right-hemisphere dominance, with STS and amygdala activation limited to the right hemisphere. 

 In contrast to the significant finding for the OFA, manipulating visual scanpaths was not 

associated with any significant BOLD signal change in the FFA, failing to replicate the central 

result by Morris et al. (2006) of greater FFA response during typical than atypical viewing. The 

lack of BOLD signal change in FFA from the experimental manipulation of face viewing 

patterns is also at variance with the relationship between FFA activation and visual attention to 
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the eyes suggested by several studies of individuals with ASD (Dalton et al., 2005; Perlman et 

al., 2011) and their unaffected relatives (Dalton, Nacewicz, Alexander, & Davidson, 2007). 

A more widespread pattern of BOLD signal differences emerged for the Atypical > 

Typical viewing contrast. These included regions of the visual cortex involved in low-level 

visual processing, including the cuneus, which was similarly found to have greater BOLD 

response during atypical than typical viewing in the Morris et al. study. However, the present 

study also found greater BOLD signal change during atypical compared to typical viewing in 

parietal regions including bilateral IPS, and FEF. Although the greater BOLD signal change in 

these ROIs during atypical viewing provides support for my exploratory hypothesis that regions 

involved in visual attention and oculomotor control would be influenced by the visual scanpath 

manipulation, the direction of results directly contradicts the findings of Morris et al. (2006), 

who reported that these regions responded more strongly to the typical viewing condition. 

Differences in experimental design and analysis between the two studies that may have 

influenced the results are described in section 4.5 of the Discussion. 

 Regarding the remaining ROIs examined in the present study, no significant changes 

were observed in the STS or amygdala (core and extended face network regions, respectively), 

similar to the findings of Morris et al. but in contrast to research suggesting a role for the 

amydgala in orienting attention to the eyes (Adolphs et al., 2005; Gamer & Buchel, 2009) and a 

relationship between the amygdala and attention to the eyes in ASD (Dalton et al., 2005; 

Perlman et al., 2011; Tottenham et al., 2013). The lack of significant findings in STS may due to 

this regionÕs location in the dorsal processing stream and its multimodal properties, such that it is 

primarily involved in representing dynamic aspects of faces (e.g., changes in eye gaze, mouth 



 

82 

movements) and associated information from other modalities (e.g., vocal cues) (Calder & 

Young, 2005; Brad Duchaine & Yovel, 2015). 

 The above results collapsed across the community control and schizophrenia patient 

groups since no group differences in BOLD signal change were found for any of the task 

conditions, including the scrambled face control condition. The lack of observable group 

differences during face viewing is in contrast to a number of studies documenting functional 

activation abnormalities during facial emotion processing in schizophrenia, including in core and 

extended regions of the neural system for face perception (see meta-analyses by Li et al., 2010; 

Taylor et al., 2012). The lack of group differences in the present study occurred in the context of 

robust recruitment of face-processing regions during the typical and atypical face-viewing 

conditions. However, a key difference between the present task and those of previous fMRI 

studies of facial emotion perception in schizophrenia is that the Directed Viewing task equated 

visual scanpaths between the groups; therefore, eliminating a potentially important behavioural 

group difference that may have influenced the fMRI response to faces. Indeed, the schizophrenia 

group in the present study demonstrated reduced fixations to salient facial features and facial 

emotion recognition deficits during the Free Viewing task, suggesting that this sample of patients 

was comparable to previous samples on these facial emotion-processing variables. The absence 

of group differences in BOLD signal change during face perception in the current study therefore 

provides indirect support for the notion that group differences in gaze behaviour may have 

contributed to the functional activation abnormalities reported by previous studies. 
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4.3 Why Did Manipulating Visual Scanpaths Modulate the BOLD Response in OFA but 

Not FFA? 

 An important question regarding the fMRI findings is why the viewing condition 

manipulation influenced the BOLD response in OFA but not in FFA. Here, two lines of research 

supply possible answers. First, and consistent with the Haxby (2000) model of face perception, 

fMRI research on face representations in visual cortex indicates differential sensitivity of OFA 

and FFA to face features (usually studied by focusing on the eyes, nose, and mouth) and face 

configurations (i.e., the T-shaped placement of the eyes above the nose and mouth). For 

example, Liu et al. (2009) reported that BOLD signal change in FFA, but not OFA, was 

modulated by the presence or absence of a valid face configuration, while both FFA and OFA 

were modulated by the presence or absence of face features regardless of their configuration. 

Several other studies with similar tasks support the predominant sensitivity of OFA to face 

features, and sensitivity to both face features and configurations in FFA, with potentially greater 

preference to face configurations in this region (Engell, Kim, & McCarthy, 2018; D. F. Nichols, 

Betts, & Wilson, 2010; Rotshtein, Henson, Treves, Driver, & Dolan, 2004; Zhang, Li, Song, & 

Liu, 2012; but see Schiltz & Rossion, 2006; Rossion, 2014a)3. With respect to the present 

findings, the significant BOLD response modulation in OFA therefore likely reflects the 

sensitivity of OFA to differences in whether salient features were attended to in the two viewing 

conditions (i.e., maximal or minimal fixations to the eyes and mouth in the Typical and Atypical 

conditions, respectively). In contrast, the lack of significant modulation in FFA may reflect the 

sensitivity of this region to the presence of a face configuration, which changed with each new 

face presentation but was not systematically manipulated between the two viewing conditions.   

                                                

3 Schiltz and Rossion (2006) reported findings of holistic face representation in OFA, while Rossion (2014a) 
discusses challenges for distinguishing between part-based and holistic face representations in the brain. 
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 A second distinction between OFA and FFA that may have contributed to the current 

findings is the difference in receptive field properties of neuronal populations in these two 

regions. Population receptive field refers to the portion of the visual field to which a population 

of neurons (e.g., within a voxel) responds, which can be modeled using fMRI to help understand 

the brainÕs response to a given stimulus (Wandell & Winawer, 2015). Relevant to the current 

findings, both OFA and FFA have population receptive fields located near the center of fixation 

(Hasson, Harel, Levy, & Malach, 2003; K. N. Kay, Weiner, & Grill-Spector, 2015; Schwarzlose, 

Swisher, Dang, & Kanwisher, 2008). However, population receptive field size (i.e., the extent of 

the visual field) increases hierarchically from posterior (i.e., OFA) to anterior (i.e., FFA) face-

sensitive regions (K. N. Kay et al., 2015; Witthoft et al., 2016), such that FFA responds to a 

larger face area than OFA. Therefore, the visual scanpath manipulation may not have been 

successful for the FFA because this region processed information from a large face area beyond 

the specific facial feature at a given cue location, thus lessening differences in the amount of 

salient vs. non-salient features processed between the Typical and Atypical viewing conditions. 

 In summary, the sensitivity of FFA to face configurations and its large visual field 

coverage may have effectively weakened the strength of the visual scanpath manipulation in this 

region, in contrast to the OFA, which is predominantly sensitive to face parts and has a smaller 

population receptive field size than FFA. 

4.4 To Which Region Does the Cluster Associated with Greater Response During Typical 

Viewing Correspond, and What is Its Functional Role in Face Perception? 

 Compared to atypical scanpaths, typical scanpaths elicited greater BOLD signal change 

in bilateral occipital pole and inferior occipital gyrus. Although this cluster extended to the OFA 

in the right hemisphere, there was no overlap with the OFA in the left hemisphere and minimal 



 

85 

suprathresholded voxels in the left OFA ROI analysis. Moreover, the cluster peak in each 

hemisphere was more posterior and medial than the peak OFA coordinates reported in previous 

studies (Pitcher, Walsh, & Duchaine, 2011b). Therefore, right OFA was not the only, nor the 

primary, region associated with greater BOLD signal change during typical compared to atypical 

scanpaths. However, several factors complicate interpretations about the functional profile of this 

cluster and its overlap with OFA. 

 First, the OFA has received far less attention than the FFA and the location of clusters 

reported as OFA varies across studies (MŸller, Hšhner, & Eickhoff, 2018; Pitcher et al., 2011b) 

and individuals (Rossion, Hanseeuw, & Dricot, 2012; Zhen et al., 2015), including variability in 

the peak coordinate along the anterior-posterior axis between the inferior occipital gyrus and 

fusiform gyrus. Second, some of this variability may stem from differences in the functional 

localizer tasks/stimuli  used to identify the OFA. For example, Rossion and colleagues (2012) 

examined face-sensitive areas using a factorial design with four conditions: faces, scrambled 

faces, cars, and scrambled cars. They found that the location of the OFA cluster was different 

depending on whether it was defined through a contrast of faces > scrambled faces (more 

anterior, within Brodmann area 19) or faces > cars (more posterior, within Brodmann area 18), 

and there was minimal overlap between the two clusters. Since the OFA mask in the present 

study was defined from a localizer that used faces vs. scrambled faces (Julian et al., 2012), it is 

possible that this OFA mask did not capture posterior regions of the Typical > Atypical cluster 

that may nonetheless have OFA-like properties. 

Third, evidence suggests the presence of distinct face-responsive subregions within or in 

proximity to the traditional regions of the core face network; for example, FFA1/pFus-faces and 

FFA2/mFus-faces in the case of FFA (Pinsk et al., 2009; Weiner & Grill-Spector, 2010), and 
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anterior and posterior continuation regions of the STS (Pinsk et al., 2009; Pitcher, Dilks, Saxe, 

Triantafyllou, & Kanwisher, 2011a). It is therefore possible that similar distinct face-sensitive 

areas are located in the inferior occipital gyrus. Consistent with this proposition, the Rossion et 

al. (2012) study mentioned above identified two or more spatially distinct OFA clusters in one 

third of sample participants when examining the conjunction of the faces > scrambled faces and 

faces > cars contrasts (Rossion et al., 2012). Similarly, another study identified multiple face-

sensitive occipital cortex ROIs with structural connectivity to the FFA; however, these findings 

were based on a small sample of five participants (Pyles, Verstynen, Schneider, & Tarr, 2013). It 

may therefore be the case that some of the variability in defining the OFA across studies stems 

from aggregating distinct face-specific areas into a single OFA region. Consequently, a greater 

extent of the Typical > Atypical cluster in the present study may have been identified as OFA 

had a different analytical approach been used, such as an ROI analysis using subject-specific 

functional ROIs. 

At present, the most conservative interpretation is that only the anterior portion of the 

Typical > Atypical cluster included the OFA in the right hemisphere, which leaves unanswered 

the question of the functional profile of the more posterior and medial portions of this cluster. 

Nonetheless, this region was clearly implicated in the facial emotion perception task, as it largely 

overlapped with the results of the Faces > Control contrast. The role of this region in face 

perception is further supported by the results of a recent meta-analysis examining functional 

activation patterns in 77 face-processing studies that compared facial expressions to a non-face 

control condition (e.g., scrambled faces, shapes, objects) (MŸller et al., 2018). Averaging across 

all experiment categories (e.g., emotion evaluation, gender evaluation) and face stimuli (i.e., all 

emotional expressions, including neutral expressions), the meta-analysis reported a general face-
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processing network that included regions of the core and extended network (Haxby et al., 2000). 

Of relevance to the present findings, the meta-analytic cluster encompassing the right inferior 

occipital gyrus had a local maximum with nearly identical spatial coordinates as the peak of the 

Typical > Atypical right hemisphere cluster. In the left hemisphere, there was a separate meta-

analytic cluster with a peak location nearly identical to the left hemisphere Typical > Atypical 

cluster. 

The above meta-analytic findings suggest a role for the inferior occipital gyrus/occipital 

pole cluster in face perception; however, its specific contribution to the perception of a face 

remains unclear. The clusterÕs posterior location extending to occipital pole suggests that the 

cluster encompasses visual association areas lower in the visual processing hierarchy than face-

specific regions such as OFA and FFA. Furthermore, the medial and superior portions of the 

cluster minimally overlapped with identified retinotopic areas V1 through hV4 (Wang et al., 

2015), suggesting that this cluster serves a role intermediate between early processing of lower-

level features with the visual field (e.g., luminance) and higher-level category representations 

(e.g., the perception of a face). Therefore, this region may contribute to face perception through 

intermediate representations of visual stimulus properties that provide the building blocks for 

eventual face perception; for example, geometric forms and outlines (similar to the documented 

response properties of cortical areas in proximity to this region; e.g., Kourtzi & Kanwisher, 

2000; Wilkinson et al., 2000). If so, then the visual scanpath manipulation may have modulated 

the BOLD response in this region because the Typical condition directed fixations mainly to face 

locations with distinct geometric features (i.e., the eyes), while fixations in the Atypical 

condition were primarily at face locations with a more uniform appearance (e.g., the cheek).  
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The interpretation that the area comprising the Typical > Atypical cluster is involved in 

intermediate-level visual processing is also consistent with evidence of a hierarchical gradient for 

local vs. global representations of objects (including faces) in the ventral visual stream. For 

example, more anterior regions (e.g., FFA) are most sensitive to full object presentations, while 

posterior regions (extending to primary visual cortex) are most sensitive to images that have been 

divided into an increasingly larger number of fragments (Grill -Spector et al., 1998; Lerner, 

Hendler, Ben-Bashat, Harel, & Malach, 2001). Therefore, this cluster area may have been 

particularly sensitive to the visual scanpath manipulation due to its involvement in encoding 

local, isolated features of the face image. However, it should be mentioned that the functional 

organization of extrastriate and high-level visual cortex remains to be fully deciphered and 

agreed upon (Grill -Spector & Malach, 2004), which limits the ability to draw firm conclusions 

about the role of the Typical > Atypical cluster area in face perception. Moreover, this cluster 

location has been implicated in the brainÕs response to other categories of visual stimuli, such as 

objects (Joseph, 2001), suggesting a lack of clear-cut category specificity in this region despite 

its recruitment during face processing. 

4.5 Why Were the Current fMRI Results Different from t hose of Morris et al. (2006)? 

 Another important question concerns the differences in fMRI results between the current 

study and the Morris et al. (2006) study. First, their study reported greater BOLD signal change 

in the ventral occipito-temporal cortex/fusiform gyrus during typical compared to atypical 

scanpaths; however, it is unclear from their reporting of the results whether this finding included 

the OFA. Nonetheless, the current study failed to find significant modulation within the fusiform 

gyrus, contrary to the Morris et al. findings. Methodological differences may have contributed to 

these disparate results. For example, their study used the same photograph of a neutral facial 
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expression throughout the entire scanning session, while the present study used a different face 

image for each block and included several emotional expressions. The unchanging face 

configuration in the Morris et al. study may have led to habituation4 of the face configuration 

response in FFA, such that it became possible to detect the response to changes in attention to 

salient facial features between typical and atypical viewing in this region. In contrast, the varied 

face configurations and emotional expressions in the present paradigm may have increased 

BOLD signal variability over the course of the task and interfered with the ability to detect the 

influence of the scanpath manipulation on BOLD signal change in FFA, which is particularly 

responsive to changes in face configurations (J. Liu et al., 2009) and may be modulated by 

emotional stimuli (through feedback projections from the amygdala, Vuilleumier & Pourtois, 

2007). Although these potential face configuration and emotion modulation effects are not 

expected to differ systematically between the two viewing conditions, and should therefore 

cancel out when directly contrasting the Typical and Atypical blocks, it is possible that these 

multiple sources of modulation interacted in a nonlinear fashion to obscure BOLD signal 

differences between the Typical and Atypical viewing conditions. While this explanation is 

admittedly speculative, the particular relevance to FFA is supported by fMRI-adaptation studies 

showing release from adaptation/habituation in FFA in response to changes in face identity (Fox, 

Moon, Iaria, & Barton, 2009; Rotshtein et al., 2004) and emotional expression (Fox et al., 2009).  

The second notable difference in results between the two studies is that while I found 

greater BOLD signal change in IPS and FEF during atypical than typical scanpaths, Morris et al. 

found the opposite pattern, with a greater response in these regions during typical compared to 

atypical viewing. Given that the Typical and Atypical conditions were equated for the number of 

                                                

4 Habituation here refers to the phenomenon of decreased BOLD signal change in response to the repeated 
presentation of a stimulus (Weigelt, Muckli, & Kohler, 2008). 
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fixation cues and the distance between successive cue locations, what might explain the fMRI 

results in these regions involved in visual attention and oculomotor control? The eye gaze results 

from the practice version of the Directed Viewing task may shed light on this question. 

Participants were successfully able to make fixations to each cue and were generally able to 

maintain their gaze on the cue locations across the different task conditions. However, 

participants were more successfully able to do so during Typical than Atypical viewing. These 

findings suggest that atypical scanpaths required greater attentional control than typical 

scanpaths, which is consistent with the atypical nature of this condition requiring participants to 

override the typical preference for attending primarily to salient facial features (Eisenbarth & 

Alpers, 2011; Henderson et al., 2005). Relative to typical scanpaths, atypical scanpaths may 

therefore have required greater recruitment of regions involved in attentional control, including 

the FEF and IPS (Ptak, 2012).  

Moreover, it is likely that the typical scanpaths, in which the majority of cues landed on 

the eyes, were more predictable than the atypical scanpaths. The atypical scanpaths may 

therefore have required greater visual search behaviour for participants to fixate to each new cue 

location. Supporting this explanation, participants on average made a greater number of fixations 

during Atypical than Typical blocks. Previous research using concurrent fMRI and eye tracking 

indicates a significant positive correlation between eye movements and BOLD signal change in 

regions including low-level visual cortex, IPS, and FEF (Chaves et al., 2012; Lu, Hung, Wen, 

Marussich, & Liu, 2016). Therefore, the greater BOLD signal change in early visual cortex 

regions and in IPS and FEF during the atypical scanpath may reflect the combination of greater 

eye movements and attentional control requirements during this condition. However, it should be 

mentioned that in addition to the difference in the average number of fixations between the task 
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conditions, there was a significant difference between the groups, and yet this group difference in 

fixation number was not accompanied by group differences in BOLD signal change. Moreover, 

the above eye gaze results are from the practice task; therefore, similar condition or group 

differences may not necessarily have been present when participants completed the task in the 

scanner. 

It is more challenging to explain why Morris et al. (2006) found greater BOLD signal 

change in these regions during typical viewing. In their task, the cue appeared at a new location 

every 500 ms, which was a shorter interval than the 600Ð1300 ms cue duration in the present 

study. The relatively rapid scanpaths sequences in the Morris et al. task may have required 

greater attentional/oculomotor control, such that both conditions placed similar demands on the 

visual attention system. However, this difference still does not explain why Morris et al. found a 

greater response in FEF and IPS during typical viewing, and their paper does not attempt to 

interpret this finding.  

Finally, differences in fMRI processing and analysis pipelines between the two studies 

may have contributed to variability in the results, even had the two tasks been identical 

(Bowring, Maumet, & Nichols, 2018.). For example, Morris et al. (2016) used subject-specific 

functional ROIs and a masked whole-brain analysis using cluster extent thresholding. In contrast, 

the present study used group-level ROIs, and employed nonparametric inference for the whole-

brain analysis, which has been found to provide more accurate control of nominal error rates than 

parametric methods (Eklund et al., 2016). Differences in sample size may have further 

contributed to discrepancies in the results, where the present study included a much larger 

sample size than the original. These fMRI analysis and sample size considerations are further 

discussed in section 4.7. 
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4.6 Implications and Future Directions 

What conclusions can be drawn from the results of this study about the hypothesized 

relationship between gaze behaviour and BOLD signal change during face perception, and what 

are the implications for studying facial emotion processing deficits in schizophrenia? The 

observed BOLD response modulation resulting from the direct manipulation of visual scanpaths 

certainly suggests that such a relationship exists. Increasing fixations to salient facial features led 

to greater BOLD signal change in visual cortex, including in the right OFA, suggesting that how 

an individual attends to a face influences the brainÕs response in a key region of the face 

perception network. However, the majority of this modulation effect was limited to visual 

association areas putatively lower in the hierarchy of visual processing than category-selective 

regions (e.g., OFA, FFA), and I was unable to replicate the visual scanpath modulation of BOLD 

signal change in FFA reported by Morris et al., 2016. Therefore, the present results fall short of 

suggesting that visual scanpaths during face viewing exert broad influence on face perception in 

the brain. However, given the proximal and distal connections within and between the core and 

extended face-processing systems (Grill -Spector, Weiner, Kay, & Gomez, 2017; Gschwind, 

Pourtois, Schwartz, Van De Ville, & Vuilleumier, 2012), and the early role of OFA in face 

processing (Pitcher et al., 2011b), it is possible that BOLD signal modulation in OFA and/or 

lower-level visual association areas has downstream consequences at further face processing 

stages5. Functional connectivity analyses, such as psychophysiological interaction analysis (PPI, 

Friston et al., 1997), may be able to shed light on this question.  

The Directed Viewing task did not assess facial emotion recognition accuracy; therefore, 

the present study cannot speak to whether the reported scanpath-related BOLD signal modulation 

                                                

5 However, the multiple and likely bidirectional connections throughout the face-processing system might instead 
buffer the system from perturbations arising from small changes within a single region. 
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impacts the ability to perceive and recognize faces. Given that a positive association has been 

found between face recognition ability and the magnitude and extent of face-selective functional 

activation in the face processing network (Elbich & Scherf, 2017), an important area of future 

research is to examine the functional consequences of visual scanpath-related BOLD signal 

modulation for various aspects of face recognition (e.g., emotion, identity). 

The relationship between gaze behaviour and BOLD signal change was found in both the 

community control and schizophrenia patient group. These findings are notable given the 

documented visual scanpath and functional activation abnormalities during facial emotion 

perception in schizophrenia. Specifically, the visual cortex cluster of greater BOLD signal 

change during typical compared to atypical viewing overlapped with an area of hypoactivation in 

schizophrenia patients during emotion perception from a recent meta-analysis (Taylor et al., 

2012). Furthermore, and in contrast to a number of previous fMRI facial emotion processing 

studies with comparable sample sizes (see Li et al., 2010; Taylor et al., 2012), the present study 

failed to find group activation differences when using a task in which visual scanpaths were 

equated between groups. The current results therefore provide preliminary evidence to suggest 

that at least some of the activation abnormalities from fMRI studies of facial emotion processing 

in schizophrenia may be due to group differences in how participants looked at the face stimuli 

during those tasks. Consequently, these results may warrant revisiting interpretations of previous 

fMRI findings, where hypoactivation in core face processing regions in schizophrenia was taken 

to indicate the presence of neurobiological dysfunction contributing to facial emotion recognition 

deficits (i.e., neurobiological dysfunction !  behavioural deficits). The present findings would 

instead suggest that differences in gaze behaviour between the two groups contributed to the 
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reported hypoactivation, which may then contribute to recognition deficits (i.e., behavioural 

differences !  neurobiological differences !  behavioural deficits).  

 The above findings further suggest that it may be possible to ÒnormalizeÓ functional 

activation patterns in schizophrenia by instructing individuals with schizophrenia to adopt more 

typical scanpaths with greater focus on salient facial features. Now that a relationship between 

BOLD signal change and visual scanpaths in schizophrenia has been demonstrated through direct 

manipulation, I believe an important future direction is to examine whether gaze behaviour 

variables predict inter-subject BOLD response variability in face-sensitive regions during 

traditional facial emotion perception. If so, differences in the presence of gaze behaviour 

abnormalities across schizophrenia samples may help to account for some of the disparate 

findings across fMRI studies of this topic. Furthermore, another important question is to what 

extent does more naturalistic manipulation of gaze behaviour (e.g., through training or 

instruction) lead to similar modulation of the BOLD response as in the present study when 

compared to a free viewing baseline (e.g., do free viewing activation abnormalities disappear 

during directed viewing?). 

However, given the circumscribed area of scanpath-related BOLD signal modulation in 

the present study, I certainly do not believe there is enough evidence to claim that all 

hypoactivation abnormalities during facial emotion perception in schizophrenia are likely 

attributable to group differences in visual gaze behaviour. Rather, gaze abnormalities in 

schizophrenia may contribute to BOLD signal differences in visual cortex areas involved in early 

face processing, and with the potential for downstream effects throughout the face processing 

system. The present results may not have much bearing on activation abnormalities reported in 

other regions related to various aspects of facial emotion recognition; for example, in medial 
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prefrontal regions associated with social cognitive appraisal (Spilka & Goghari, 2017; Van 

Overwalle, 2009), anterior temporal regions involved in conceptual knowledge (Taylor et al., 

2012; Tranel, Damasio, & Damasio, 1997), or emotion-processing regions such as the amygdala 

(Phelps & LeDoux, 2005; Taylor et al., 2012). A potentially promising future direction is to 

examine whether manipulating gaze behaviour during facial emotion perception influences 

neural activation patterns in the above regions associated with various stages of facial emotion 

processing, which each may contribute to the facial emotion recognition deficits observed in 

schizophrenia. Such an investigation would require a task with an evaluative component, which 

was not a feature of the Directed Viewing task used in the present study. 

Related to the point above, and as mentioned earlier, the present study did not examine 

whether manipulating visual scanpaths Ð and the resulting BOLD signal change Ð led to changes 

in the ability to recognize facial emotions; i.e., whether increasing fixations to salient facial 

features improves facial emotion recognition deficits in schizophrenia. Future studies should 

address this question, which may have important implications for remediating these deficits, 

particularly given the lack of pharmacological interventions to target cognitive deficits in 

schizophrenia. Few published studies have found a relationship between visual scanpath 

abnormalities and facial emotion recognition deficits in schizophrenia. However, social cognitive 

training programs, which incorporate training to increase gaze to salient facial features, have 

demonstrated post-intervention improvements in facial emotion recognition accuracy, as well as 

some evidence for improvements in visual attention to salient facial features (Combs et al., 2008; 

Drusch et al., 2014; Marsh et al., 2012; Russell et al., 2008).  

An outstanding challenge for the interpretation that eye gaze abnormalities in 

schizophrenia contribute to the fMRI abnormalities during facial emotion perception is to 
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account for reports of shared hypoactivation in face-processing regions in nonpsychotic first-

degree biological relatives of individuals with schizophrenia (e.g., Spilka, Arnold, & Goghari, 

2015). Similar patterns of differences in patients and relatives compared to controls suggest that 

hypoactivation in face-processing regions during facial emotion perception is associated with the 

genetic liability to schizophrenia, which would imply that neurobiological dysfunction, rather 

than gaze behaviour differences, leads to the observed activation abnormalities in schizophrenia. 

However, shared activation abnormalities between patients and relatives during facial emotion 

processing have not consistently been found to extend to visual regions of the core system for 

face perception (e.g., Spilka & Goghari, 2017). Moreover, it may be the case that genetic liability 

effects are exerted on visual gaze behaviour during facial emotion perception; therefore, leading 

to both the gaze and functional activation abnormalities in patients and nonpsychotic relatives. 

To my knowledge, there has been only one published study examining gaze behaviour during 

facial emotion perception in nonpsychotic relatives. This study reported that relatives did not 

display the pattern of fewer fixations of longer duration found in the patient group compared to 

controls, but relatives had a markedly smaller proportion of fixation number and duration to 

salient facial features compared to both the control and patient groups (Loughland et al., 2004). 

The results of this study provide initial support for genetic/familial contributions to gaze 

behaviour abnormalities in schizophrenia. However, it is clear that additional studies with 

nonpsychotic relatives are required to answer this question, and this research may provide an 

avenue to uncover the determinants of visual scanpath abnormalities in schizophrenia, which 

were not addressed in the present study. 

Ultimately, I believe the most immediate and significant contribution of the present 

results is the identification of a behavioural variable that influences BOLD signal change in face-
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processing regions but is rarely measured and accounted for in fMRI studies of face perception. 

As a result, visual gaze behaviour may act as a potential confound for studies examining the 

neural basis of face processing. This is particularly relevant for between-group studies of clinical 

populations with documented abnormalities in gaze behaviour, such as schizophrenia (Beedie, 

2011) or ASD (Boraston & Blakemore, 2007), where the inherent quasi-experimental nature of 

these studies precludes random group assignment as a control of baseline differences. However, 

this variable may also be important for single-group studies where variability in visual scanning 

patterns across participants (Mehoudar, Arizpe, Baker, & Yovel, 2014; Peterson & Eckstein, 

2013) may extraneously impact BOLD signal change, potentially reducing the ability to detect 

effects of interest.  

More broadly, the present findings suggest it is unwise to assume every participant 

visually interacts with our stimuli in the same way during task-based fMRI, or to assume similar 

gaze behaviour in each task condition within the same participant. Conventional performance 

measures (e.g., accuracy, reaction time) may be insufficient to flag these differences in visual 

scanning behaviour, such that any resulting influence on the BOLD signal remains unaccounted 

for. Over the course of the last decade, the field of fMRI research has undergone a 

transformation regarding greater emphasis on methodological rigour, including issues such as 

statistical power (Cremers, Wager, & Yarkoni, 2017), adequate control of false positives in fMRI 

inference (Eklund et al., 2016), and effects of head motion and physiological noise on fMRI 

acquisition (T. T. Liu, 2016). More recently, attention has been drawn to the influence of a 

number of individual difference variables on fMRI data, from neurovascular effects of age, to 

physiological effects of various state variables such as stress or fatigue, and even neuromodulator 

effects such as caffeine intake (Dubois & Adolphs, 2016). Along these lines, eye movement 
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behaviour may be another important source of variability impacting BOLD signal change, with 

the potential to influence not only group comparisons in the context of disorder-related visual 

scanpath abnormalities, but also comparisons between task conditions that may have differences 

in gaze behaviour (e.g., facial expressions vs. scrambled faces).  

4.7 Limitations  

The current study had a number of limitations. Although the groups did not differ on 

important demographic variables such as age, sex, handedness, ethnicity, and parental education, 

schizophrenia patients had significantly lower estimated IQ and years of completed education 

and higher lifetime incidence of depressive or substance use disorders. Moreover, the association 

between these variables and the study results were not examined. However, given that 

schizophrenia is characterized by generalized cognitive deficits, reduced educational 

achievement, and high rates of comorbid psychopathology, group differences in these variables 

are to be expected with a representative clinical sample. Nonetheless, individuals in this sample 

were mainly comprised of high-functioning and medication-compliant outpatients with low 

levels of active symptoms; therefore, the findings may not generalize to more acute or severe 

cases, and the effects of antipsychotic medication on the study results cannot be ruled out. 

However, the control group was comprised of individuals recruited from a community, rather 

than academic setting, and controls were not excluded for prior mental health or substance use 

disorders (other than psychosis or bipolar disorder), in order to more closely equate the groups 

on psychosocial variables. A further limitation is that the patient sample included individuals 

with a diagnosis of schizophrenia or schizoaffective disorder, and subgroup (schizophrenia vs. 

schizoaffective disorder) and heterogeneity (illness duration, symptom presentation, medication 

dosage) analyses were not conducted due to the limited sample size.  
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There were also several limitations with the experimental tasks. First, the Free Viewing 

Emotion Discrimination Task was created de novo for this study and therefore lacked available 

psychometric data that would inform the reliability and validity of the accuracy results for this 

task. Regarding the Directed Viewing Facial Emotion Perception Task, it must be emphasized 

that although the cue sequences in the Typical Viewing condition mimicked the pattern of 

attention to different facial features that is most commonly observed during face viewing, this 

task condition was not equivalent to naturalistic face viewing (notwithstanding the obvious cued 

nature of the task). For example, participants had an average fixation duration of approximately 

350 ms when viewing faces during the Free Viewing task, which was far briefer than the 600Ð

1300 ms cue durations in the Directed Viewing task. However, the decision to use longer cue 

durations was motivated by the results of pilot testing, which indicated that longer cue 

presentations were required to ensure participants were able to successfully track the cue 

sequences and to minimize group differences in task performance. Moreover, although 

schizophrenia patients have abnormalities in eye gaze behaviour during face viewing, the reader 

should not take this finding to imply that the Atypical Viewing condition mimicked the 

characteristic abnormal scanpath pattern of individuals with schizophrenia. Rather, the cue 

sequences during Atypical Viewing represent a greatly exaggerated atypical scanpath to 

maximize the experimental manipulation in this study.  

Furthermore, while the viewing conditions in the Directed Viewing task manipulated 

foveal attention by requiring participants to make fixations to specific facial features, the task did 

not prevent covert attention in the form of parafoveal processing of facial information appearing 

outside fixation locations, which may have reduced the strength of the manipulation. For 

example, visual information from salient facial features may have been processed parafoveally 
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during the Atypical Viewing. Future studies examining the influence of gaze behaviour on 

functional activation during face perception may be able to overcome this potential confound 

through the use of alternate paradigms such as gaze-contingent displays. In addition, eye tracking 

recordings were not obtained during the fMRI session, making it impossible to confirm with 

certainty that all participants were following the cue sequences when performing the Directed 

Viewing task in the scanner. However, all participants included in the analysis had near-perfect 

responses on the attentional control aspect of the task, and participantsÕ ability to perform the 

task was verified by recording eye movements during a nearly identical task outside the scanner. 

Further limitations relate to the fMRI aspects of the study. The ROI analyses were 

conducted at the group level using ROIs derived from previously published probabilistic masks. 

This approach may have reduced the localization precision and sensitivity of the analyses for 

ROIs such as the FFA, which are typically defined by their functional response properties rather 

than anatomical landmarks, leading to inter-subject variability in their size and location within 

the brain. An alternative approach would have been to use a functional localizer task to identify 

voxels responding more preferentially to faces compared to non-face images (e.g., houses) at the 

subject level, therefore permitting functional ROI analyses tailored to each subjectÕs functional 

response profile in visual cortex. However, subject-specific functional ROI analyses require the 

acquisition of functional localizer data, which would have required either extending the MRI 

scanning session or reducing the amount of data collected for the experimental task of interest. 

Therefore, the explicit decision was made to forego a functional localizer for this study and 

instead rely on previously published anatomical and functional ROI masks, with the aim of 1) 

collecting the greatest possible amount of task data per subject to decrease within-subject 

variability and maximize statistical power (Kanyongo, Brook, Kyei-Blankson, & Gocmen, 2007; 
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Nee, 2018), and 2) ensuring that the total MRI session duration (approximately 1 hr) would be 

short enough to be well-tolerated by the clinical sample. Furthermore, common locations of 

activation within these functionally (as opposed to anatomically) delineated regions of the face-

processing system have been found at the meta-analysis level (MŸller et al., 2018), confirming 

group-level correspondence and supporting the validity of a group-level analysis approach. 

Moreover, there was high correspondence between the results of the ROI and whole-brain 

analyses, further supporting the validity of ROI analysis approach employed here. 

Related to the above, another limitation is that the level of temporal resolution 

(constrained by the blocked fMRI design) and spatial resolution (constrained by the voxel and 

spatial smoothing kernel sizes) of the present study may have prevented the detection of more 

fine-grained effects in the hemodynamic signal or within specific ROI subdivisions [e.g., 

amygdala subnuclei (Phelps & LeDoux, 2005) or distinct face-sensitive regions within the FFA 

(Weiner & Grill-Spector, 2010; 2012)]. However, given that the purpose of the study was to 

replicate previous findings and extend them to a schizophrenia sample, the present study used a 

similar task design as the Morris et al. (2006) study and conventional parcellations of face 

perception network ROIs. 

In addition, this study did not include an unconstrained or Òfree viewingÓ facial emotion 

perception task in the scanner, which prevented examining whether the sample of schizophrenia 

patients would have demonstrated BOLD signal abnormalities similar to those previously 

reported in the literature during traditional facial emotion perception tasks. The inclusion of a 

free viewing task in the scanner may also have permitted interpretations about whether 

constraining gaze to salient features ÒnormalizedÓ the BOLD response in schizophrenia patients. 

However, any comparisons between functional activation patterns during a free viewing and 
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directed viewing task would be confounded by the unequal demands of the two tasks, notably 

whether or not eye gaze is artificially constrained during face viewing. Moreover, the inter-

subject variability in gaze behaviour (e.g., amount of attention to salient facial features) within 

and between groups during a free viewing task might also influence the pattern of results, unless 

accounted for by concurrent eye tracking during the fMRI session. Therefore, the current task 

design in which face viewing is constrained to either typical or atypical scanpaths provides more 

highly matched conditions and greater control over the independent variable of interest; thus, 

yielding a more valid comparison and more powerful experimental manipulation. Moreover, the 

addition of a free viewing task in the scanner would have led to the same data collection and 

patient tolerability tradeoffs as those discussed for the functional localizer above, and it is likely 

that several runs of a free viewing task would be required to ensure adequate statistical power to 

detect group differences, further impacting the ability to test the primary hypothesis of the study. 

Another limitation concerns the modest sample size for group comparisons of facial 

emotion discrimination, gaze behaviour, and BOLD signal change, which meant that these 

comparisons were underpowered. However, my sample was comparable or larger than the 

majority of previous fMRI studies of facial emotion perception in schizophrenia. Moreover, 

when collapsing across the control and patient groups to examine the within-subject effects of 

the directed viewing manipulation, the total sample was 50% larger than the median sample size 

of fMRI studies published in 2017 (Yeung, 2018). In fact, the total sample size in this study was 

four times greater than the original Morris et al. (2006) study reporting the effect of visual 

scanpath manipulation on BOLD signal change during face perception; therefore, theoretically 

providing sufficient power to detect an effect that was strong enough to be detected with the 

sample size of the original study (Simonsohn, 2015). However, given that the current study 
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differed from the Morris et al. (2006) study in a number of ways, the current study is best viewed 

as a conceptual replication examining the relationship between visual scanpaths and BOLD 

signal change during facial emotion perception, rather than a direct replication of the specific 

effect reported in the original study.  

Finally, the majority of studies of facial emotion perception in schizophrenia, including 

this one, have emphasized experimental control at the expense of ecological validity; for 

example, by using static photographs instead of dynamic facial expressions, faces detached from 

bodies that would convey additional emotional information through posture, and isolated faces 

on a plain background rather than situated in an informative environmental context. Studies on 

this topic may therefore not be adequately assessing and characterizing the phenomenology of 

facial emotion processing in schizophrenia, and the results obtained might be influenced by the 

above experimental design choices. For example, most studies use static faces with a direct gaze 

toward the viewer. Such a display might be experienced as more threatening than the 

presentation of faces with averted gaze or the use of more naturalistic stimuli in which constant 

eye contact is infrequent, and this effect might interact with group membership to influence the 

dependent variable under investigation. Ultimately, future studies should attempt to maximize 

both experimental control and ecological validity to ensure that results most accurately 

characterize the nature of facial emotion recognition deficits experienced by individuals with 

schizophrenia in everyday life. 

4.8 Conclusion 

 The mechanisms of social cognitive deficits in schizophrenia Ð including facial emotion 

processing deficits Ð largely remain poorly understood, despite several decades of research 

delineating the extent of these deficits and their various behavioural and neurobiological 
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correlates. The present study sought to meaningfully contribute to this literature by examining 

the hypothesized relationship between two sets of variables that have been associated with facial 

emotion processing deficits in schizophrenia: visual gaze behaviour and functional activation in 

the neural system for facial emotion perception. I was able to demonstrate that experimentally 

manipulating visual scanpaths led to corresponding changes in the BOLD response, with greater 

BOLD signal change in visual association areas involved in face perception when increasing 

fixations toward salient facial features. These findings, combined with the absence of BOLD 

abnormalities in schizophrenia during a facial emotion perception task in which visual scanpaths 

were equated between groups, suggest that gaze behaviour abnormalities in schizophrenia 

represent a potential confounding variable for neuroimaging studies of facial emotion perception 

in this disorder. The current results provide a foundation for future research to tease apart the 

contributions of gaze behaviour and fMRI abnormalities to facial emotion processing in 

schizophrenia, and their impact on facial emotion recognition abilities.  
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Appendix A: Participant Characteristics of the fMRI Sample 

Table A1 

Participant Characteristics for the fMRI sample 

 Schizophrenia Patients Controls 
N 23 26 
Age 40.00 (12.41) 39.46 (11.93) 
Gender (Male/Female) 16/7 17/9 
Handedness (Right/Left) 20/3 24/2 
Ethnicity/Race (%)   
     White 78.26 69.23 
     Asian 17.39 15.38 
     Hispanic 0 11.54 
     First Nations/Metis 4.35 3.85 
Education (years)  13.17 (3.42)**  15.54 (2.25) 
MotherÕs Education (years) 13.67 (2.25) 12.74 (3.32) 
FatherÕs Education (years) 15.22 (2.58) 13.36 (3.71) 
Diagnosis (schizophrenia/schizoaffective disorder) 15/8 Ð 
Years since diagnosis 13.05 (10.93) Ð 
Positive and Negative Syndrome Scale (PANSS) Total 53.22 (11.02) Ð 

     PANSS Negative 14.00 (5.50) Ð 

     PANSS Positive 13.30 (3.35) Ð 

     PANSS General 25.48 (5.53) Ð 

Social Functioning Scale Mean of Scaled Scores 113.71 (10.22) Ð 
Social and Occupational Functioning Assessment 
Scale (SOFAS) 

60.04 (11.53)***  87.65 (4.94) 

Full Scale IQ 98.35 (7.47)***  111.12 (11.73) 
     Matrix Reasoning Scaled Score 10.30 (1.92)**  12.04 (1.73) 
     Vocabulary Scaled Score 9.26 (1.86)**  12.08 (3.22) 

Lifetime diagnosis of depressive or substance use 
disorders (%) 

52.17***  11.54 

Head Motion Estimates   
     Mean absolute frame displacement (mm) 0.19 (0.6) 0.21 (1.0) 
     Mean relative frame displacement (mm) 0.08 (0.05)* 0.06 (0.02) 

Note. Means and standard deviations presented where appropriate. 

*p < .05. **p < .01. ***p < .001 
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Appendix B: Supplemental and Individual Group Results from the Whole-Brain Analysis 

Results of Supplemental Whole-Brain Contrasts 

Typical > Control  

 Collapsing across the full participant sample, the contrast of typical viewing relative to 

the control condition elicited a very similar pattern of BOLD signal change as for the Faces > 

Control contrast, including bilateral visual cortex: calcarine cortex, occipital pole, and lingual 

gyrus; regions of the core system for face perception: bilateral inferior lateral occipital cortex 

(OFA), bilateral occipital and temporal fusiform gyrus (FFA), right posterior superior temporal 

sulcus (STS); and adjacent regions: right posterior middle temporal sulcus, bilateral angular 

gyrus, and right supramarginal gyrus. Additionally, there was a small cluster of significant 

BOLD signal change in left temporal pole (Table B1). 

Atypical > Control  

 Within the entire sample, the contrast of atypical viewing relative to the control 

condition returned a similar pattern of responses in bilateral occipital and temporal cortex 

as for the typical viewing vs. control contrast, but not in the right STS. This contrast 

additionally revealed BOLD signal change in bilateral superior lateral occipital cortex, 

including the IPS, as well as in cluster spanning the right anterior temporal fusiform 

cortex, amygdala, and temporal pole (Table B1).
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Table B1  

Supplemental Whole-Brain Analysis Results for the Full Participant Sample 

Note. Voxels = number of significant voxels within a given cluster. tMax = nonparametric t-statistic value of the maximum 

voxel within the cluster. CTL = community controls; SCZ = schizophrenia patients. R = right; L = left. OFA = occipital face 

area; FFA = fusiform face area; STS = posterior superior temporal sulcus; FEF = frontal eye field; IPS = intraparietal sulcus. 

Coordinates are in MNI space. 

   Peak 
Coordinates 

Contrast and Regions Within Each Cluster Voxels tMax x y z 
      
Typical > Control      
R/L inferior lateral occipital cortex (OFA), occipital and temporal fusiform gyrus (FFA), 
occipital pole, calcarine cortex, lingual gyrus, angular gyrus; R STS, temporo-occipital part 
of the middle temporal gyrus, supramarginal gyrus 

16321 16.1 38 -82 -8 

L temporal pole 3 6.21 -30 4 -24 
      
Atypical > Control      
R/L inferior lateral occipital cortex (OFA), occipital and temporal fusiform gyrus (FFA), 
occipital pole, calcarine cortex, lingual gyrus; R temporo-occipital part of the middle 
temporal gyrus, angular gyrus; R/L cuneus, superior lateral occipital cortex (including IPS) 

20231 15.2 18 -90 20 

R anterior temporal fusiform cortex, amygdala, temporal pole 440 6.19 30 2 -36 
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Individual Group Results  

Faces > Control 

Within each group, controls and schizophrenia patients had a similar pattern of BOLD 

signal change in visual cortex (bilateral occipital pole, calcarine cortex, lingual gyrus) and 

regions of the core system for face perception (bilateral inferior lateral occipital cortex, occipital 

and temporal fusiform gyrus), as well as in the right posterior portion of the middle temporal 

gyrus (Table B2). 

Typical > Control  

 Within groups, controls and patients had a pattern of bilateral responses in early visual 

cortex and within the inferior occipital cortex and fusiform gyrus, including the OFA and FFA. 

Schizophrenia patients additionally had BOLD signal change in posterior middle temporal gyrus 

(Table B2). 

Atypical > Control  

Within groups, both controls and patients had significant clusters in bilateral visual cortex 

and inferior occipital/temporal regions encompassing OFA and FFA. Controls additionally had 

significant BOLD signal change in bilateral cuneus and right middle temporal gyrus, while 

patients had additional signal change in bilateral superior lateral occipital cortex (including IPS) 

and a small cluster in right parahippocampal gyrus (Table B2). 

Typical > Atypical  

Both controls and patients had significant BOLD signal change in left and right 

hemisphere clusters including the occipital pole and inferior lateral occipital cortex, and 

extending to the right OFA (Table B2). 

Atypical > Typical  
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Within groups, controls and patients had a significant BOLD signal change in 

visual cortex (lingual gyrus, calcarine cortex, cuneus) and superior lateral occipital 

cortex including the IPS), and patients had additional regions of BOLD signal change in 

inferior lateral occipital cortex and the parietal lobe (precuneus and superior parietal 

lobule) (Table B2). 
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Table B2 

Whole-Brain Analysis Results for Individual Groups 

    Peak 
Coordinates 

Contrast Regions Within Each Cluster Voxels tMax x y z 
Faces > Control      
     CTL R inferior lateral occipital cortex (OFA), occipital and temporal 

fusiform gyrus (FFA), occipital pole, calcarine cortex, lingual gyrus, 
temporo-occipital part of the middle temporal gyrus  

7077 10.4 44 -54 -18 

 L inferior lateral occipital cortex (OFA), occipital and temporal 
fusiform gyrus (FFA), occipital pole, calcarine cortex, lingual gyrus 

2013 10.2 -40 -52 -18 

     SCZ  R/L inferior lateral occipital cortex (OFA), occipital and temporal 
fusiform gyrus (FFA), occipital pole, calcarine cortex, lingual gyrus; 
R temporo-occipital part of the middle temporal gyrus 

11087 10.1 38 -80 -10 

Typical > Control      
     CTL R/L inferior lateral occipital cortex (OFA), occipital and temporal 

fusiform gyrus (FFA), occipital pole, calcarine cortex 
8326 11.5 -38 -84 -8 

     SCZ  R/L inferior lateral occipital cortex (OFA), occipital and temporal 
fusiform gyrus (FFA), occipital pole, calcarine cortex; R temporo-
occipital part of the middle temporal gyrus 

9886 11.5 38 -82 -8 

Atypical > Control      
     CTL R inferior lateral occipital cortex (OFA), occipital and temporal 

fusiform gyrus (FFA), temporo-occipital part of the middle temporal 
gyrus; R/L occipital pole, calcarine cortex, lingual gyrus, cuneus 

7641 10.6 -14 -98 20 

 L inferior lateral occipital cortex (OFA), occipital and temporal 
fusiform gyrus (FFA) 

1436 9.04 -40 -52 -18 

     SCZ  R/L inferior lateral occipital cortex (OFA), occipital and temporal 12108 10.6 18 -88 18 
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Note. Voxels = number of significant voxels within a given cluster. tMax = nonparametric t-statistic value of the maximum 

significant voxel within the cluster. CTL = community controls; SCZ = schizophrenia patients. R = right; L = left. OFA = 

occipital face area; FFA = fusiform face area; IPS = intraparietal sulcus. Coordinates are in MNI space. 

fusiform gyrus (FFA), occipital pole, calcarine cortex, lingual gyrus, 
superior lateral occipital cortex (including IPS) 

 R parahippocampal gyrus 4 6.74 30 -2 -30 
Typical > Atypical      
     CTL R occipital pole, inferior lateral occipital cortex (including OFA) 1326 11.2 30 -90 -10 
 L occipital pole, inferior lateral occipital cortex 726 8.98 -24 -94 -12 
     SCZ  R occipital pole, inferior lateral occipital cortex (including OFA) 1368 12.3 30 -92 -8 
 L occipital pole, inferior lateral occipital cortex 1126 9.94 -24 -94 -10 
Atypical > Typical      
     CTL R/L lingual gyrus, calcarine cortex; L occipital pole, cuneus, superior 

lateral occipital cortex (including IPS) 
4886 9.23 -10 -78 -8 

 R superior lateral occipital cortex (including IPS), occipital pole 2576 7.84 28 -88 38 
     SCZ R/L lingual gyrus, calcarine cortex, occipital pole, cuneus, precuneus, 

marginal sulcus, superior lateral occipital cortex (including IPS), 
superior parietal lobule; R inferior lateral occipital cortex 

17676 8.85 18 -58 64 
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Appendix C: Supplemental Region of Interest Analysis Results 

Typical > Control  

 Averaging across the entire sample, the ROI analysis for the contrast of typical viewing 

relative to the control condition indicated significant voxels in bilateral OFA and FFA (core 

system for face perception Ð primary ROIs), right STS (core system Ð secondary ROI), and 

bilateral amygdala (extended system Ð secondary ROI) (Table C1). The results within each group 

were consistent with these findings for OFA and FFA; however, no group had significant voxels 

in STS and left amygdala, and only patients had significant voxels in the right amygdala. There 

were no group differences in any ROI for this contrast. 

Atypical > Control  

Across the entire sample, the contrast of atypical viewing relative to the control condition 

returned similar results as above in bilateral OFA, FFA, amygdala, and right STS, with the 

addition of significant voxels in left IPS (visual attention system Ð secondary ROI) (Table C1). 

Within groups, only the schizophrenia group had significant voxels in STS, right amygdala, and 

left IPS, while no individual group had significant voxels in left amygdala. There were no group 

differences for this contrast. 
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Table C1 

Supplemental Region of Interest Analysis Results 
 

 

 

 

 

 

 

 

 

 

 

 

Note. ROI = region of interest. Voxels = number of significant voxels within a given 

cluster. tMax = nonparametric t-statistic value of the maximum significant voxel within 

the cluster. CTL = control group; SCZ = schizophrenia group. r = right; l = left; OFA = 

occipital face area; FFA = fusiform face area; STS = posterior superior temporal sulcus; 

FEF = frontal eye field; IPS = intraparietal sulcus. Colour coding: ÒcoreÓ face system Ð 

primary ROIs; ÒcoreÓ face system Ð secondary ROIs; ÒextendedÓ face system; visual 

attention system. Primary ROIs (left and right OFA and FFA) were evaluated for 

significance at p < .0125, FWE-corrected. Secondary ROIs (left and right STS, 

Amygdala, FEF, and IPS) were evaluated for significance at p < .00625, FWE-corrected. 

 Typical > Control 
 Full Sample  CTL  SCZ 

ROI Voxels tMax  Voxels tMax  Voxels tMax 
rOFA 698 16.1  464 10.8  603 11.5 
lOFA 210 11.8  150 9.58  192 7.52 
rFFA 769 14.9  457 10.8  437 9.43 
lFFA 449 13.3  272 10.8  301 7.72 
rSTS 665 5.51       
rAmygdala 197 5     14 4.23 
lAmygdala 187 5.57       

 Atypical > Control 
 Full Sample  CTL  SCZ 

ROI Voxels tMax  Voxels tMax  Voxels tMax 
rOFA 675 12  538 8.19  595 9.4 
lOFA 211 10  148 7.38  167 8.26 
rFFA 797 12.6  508 9.32  443 7.94 
lFFA 468 10.8  278 9.04  332 7.07 
rSTS 287 6.85     19 6 
rAmygdala 175 5.44     76 6.21 
lAmygdala 100 4.61       
lIPS 60 4.85     27 4.79 


